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ABSTRACT 

S tand es tab l ishmen t of crops by di� e c t dr i l l ing i s  a f un c t io n  

o f  seed g erm i na tion and s e ed l i ng emergence e f f i cacy a n d  their i n ter­

a c ti ons w i th th e so i l  physical mic ro- e nv ironmen t c�ea ted by d ir e c t  dr i l l  

c o u l t ers . 

Experiments conuucted i n  two contrasting c o n tr o l l ed c l ima tes us ing  

0.5 tonne und i s turbed tu�f blocks sugge s ted tha t the  thr ee cou l ter 

types compared ( v i z . an expe�imental chisel coul ter , a �e and a tr i p l e  

d is c  coul ter) perfo�med significantly differently, in  terms o f  whea t 

seedling emergence, when the seed was d ir ec t dr i l led i n t o  a f i ne 

s andy loam soil. Overall the chisel coul ter promo ted h ighes t s eed l i n g  

emergence ( 63 . 5%) followed by the h o e  coul ter ( 50 . 6%) a n d  t h e  tr i p l e  

d i s c coul te� (27.0%) . When the i n i t i a l  so i l  mo i s ture po ten t i a l  was 

clos e  to p e�manent wilting point, seedl i ng emergenc e coun t s  b e tween 

these  three cou l ters were highly signi f icant  w i th the d i f f erence  

b e tween the  chi sel and tr i p l e  d i sc coul t ers b e ing almo s t s ix- f o ld . 

Whe n  the ini t i a l  so i l  mois ture l ev el was adequa t e , s eed l i ng emergence coun ts 

from the triple d i sc g�uoves, were s t i l l  s igni f i cantly  l ower than 

f rom the ch isel and hoe coulters which thems elves p er formed equa l ly . 

Whe n  the  contro lled relative hum i d i ty wa s i ncreased from 60% 

t o  90%, seed l i n g  emergence inc�eased but th is  d i f f erenc e was s i gni f i c a n t  

o n ly a t  a l ower lev e l of probabil i ty o f  P = 0 . 1 0 .  

App l i c a t i o n  o f  pressures ( us ing press whe e l s ) up to 70 kPa 

o v er the covered s eeds after bar harrow ing had no s i gn i f i c a n t  e f fec t 

o n  s eed l i ng emergence at either the l ow or ad equa te ini t ial  s o i l  mo i s tur e  

l ev e l s . Whe n  similar p�essures were app l i ed d irec tly over the uncovered 

s ee d s , s eedl i n g  emergenc e  significantly in creased to 60% in the hoe 

c o u l ter g�ooves and to 2 8% in the t r ip le  d i s c  coul t er grooves 

c ompared t o  the unpressed seeds. No s i gni f i c a n t  increase was observed 

from the ch i s el co ulter groove as a resul t o f  these pressur es becaus e  

i t  had already promoted a h i gh seedling emergenc e coun t o f  5 8% .  

Fur ther experiments, using small und i s turbed tur f  b locks , to 

e xamine more closely the poor performance o f  the tr i p l e  d i sc c ou l ter , 

indicated that smearing had not been the ma i n  cause o f  s e ed l i ng 

emergence f a i l ure . When the triple d i s c  coul t er grooves were mod i f ied  



u s i ng comb ina t io ns o f  pressure  a p p l ica t ions and s eed cov e r i ng 

t e chniques , s e ed l i ng emergence was s i g n i f icantly improved . I t  

a p p eared tha t th i s  improv emen t  in  s eedl i ng emergence was a func t i on 

o f  a mod i f ied  s o i l  phys i c a l  m i c ro-environment a t  the seed-soi l  i n ter­

f ac e . Based o n  th ese re s u l ts two hy po theses wer e evolved . The f ir s t  

hypo th es is s ugges ted that th e tran s f er o f  l iq u i d  soil  mo i s ture t o  the 

s ee d  for germina tion (an d  pe rhaps away f rom th e u npro tec ted seedl i ng 

a f t e r  germina t io n  but  pd o r  to eme r genc e )  could b e  al tered by  the shape 

o f  the seed g roove and pl a cement and cover ing of  the s eed . Thi s  was d e­

s c r ibed as " s o i l  moi st u r e  dif f usion " 

The s e c ond hypo thes j s suggested that af te r  the  germina tion , s ub terr­

a ne a n  seed l i ng s u rviva l depended o n  the av a ilabil i ty o f  vapour phase 

mois ture which was aJ so a f u n c tion of the groove shap e and cove r i ng 

med i um . T h i s  was d escr i bed as "soil m o i s t u re cap t iv i ty" . 

A thermo-electri c dew point hygrome ter wa s used to mea sure the 

i n-g roove v a pou r moisture potential with i n  the d r i l l ed grooves in 

th e large r t u r f  b locks , i n  a con trolled e nv i ro nment . Signi f i cant 

and re peat able d i f f e rences i n  t he drying r a tes  o f  the grooves c rea ted 

by th e th r ee coulter t y p es were measured and promi s ed to a t  l ea s t 

par t ly expl ain the und e r  I y i  ng cau s e s  of th e ir ab i l i t i es ( o r  l a c k  of 

a bi l i ties  in some cases ) to p romo t e see d l i ng emer genc e .  Comb ined counts 

of s e e d l ing eme rgence and sub- sur f ace seed l ing s u rviva l  were mod era tely  

c or r e l a ted (r  = 0 . 7 1 )  with the cor res ponding ra tes o f  loss  o f  i n-groove 

s oi l  vapour mo i s ture . 

I t  appeared f rom the d a ta that the impor tan t d e s i gn charac te r i s t i c s  

f o r  d ir e c t d r i l l ing c o ul te r s  were tha t they mus t have the ab i li ty to 

b o th exp lo i t  the l i mi ted supp l y  of s u b-sur face l iq u i d  mo is ture for  

g e rmina tion and a l s o  to  retain so i l  mo is t u re i n  th e vapour f o rm for  

s eed l ing eme rgence and / o r  s u rvival . Th e la t te r  f unc tion appear ed to 

b e  a ided by the c rea tion o f  m i n i mum su r face  sha t tering and ma in tenance 

o f  a h i gh inc i d ence of surf ace mulch in th e f o rm of sod or o rgani c 

ma t te r . 

F i e l d  e x p e r imen ts s u gges ted that whe n the only mea s u r ed soi l  

mo i s tu r e  d a t a  ava i lab l e  w a s  a t  o r  prior to d r i l l i ng ,  the present  

s ta t e o f  knowledge would no t permi t a c cura te s ee d l ing emergence d a ta to  



be predicted for any given coulter and covering technique . I f  

however , soil mois ture data was ava ilable for the period between 

d r il ling and seedling emergence, reasonable predic tions of seedling 

emergence could be mad e, given the characteri s tics of the coul ter types 

and coveri ng techniques used . Examples of ma thema tical models were 

cons truc ted for each of the three coulter types used , to pred i c t  

s eedl ing emergence as a func tion of these soil mois ture da ta . 

The field experimen ts also confirmed that higher seedling emergence 

counts could be expec ted when the chisel coulter was used in dry soils 

compared wi th the hoe or triple disc coul ters . During a typical 

spring-summer-autuntn per iod in the Manawa tu , when wheat  seed was d i rect­

d r illed at for tnigh tly intervals in to a "Tokomaru s i l t  loam soil";  

from 1 6% of the dr illings the chisel coul ter promo ted signif�cantly 

higher seedl ing emergence counts than e i ther the hoe or triple disc  

coulters . 



1 .  

CHbPTE�. I 

PITRODl1CTin'·t M-!I' LITEr./\Tl'RE REVIE11 

1.1 GENERAL INTRODUCTION 

S t and e stab l i shment ol' crops is ma rked ly influenced by the ef f icacy 

of  seed germinat i o n  and seedl ing emergence. An unders tand i ng o f  s o i l  

phys ica l fac tors and their interrelationships with seed germina t io n  and 

seedling emergence is therefore fundamental to  the d es ig n  func t io n  o f  s eed 

d r i l l s  and esp ec i a l ly furrow openers. 

The to t al e nvir o nme n t infLuencing the g e rmina t i ng seed may b e  

c l as s i f i ed a s  tr i-pa rt,  c omposed of chemical, bio log ical and phys i c a l  

par am e t er s . iJi t llin t he broad range of non-l imi ting s eed-so i l  b io logical  

and  chem i c a l  cond iUo ns , the stresses impo sed by the  phy s i cal  f a c to r s  

may become the domi nant forces wh i c h mLgh t then limit seed germina ti o n  

and /or s e ed l i ng emergence ln tl1e held. 

F o r  f i e l d  c ro p s , St:!eds have L1een t rad i tiona l l y  sown i n to c o nven tional ly 

c u lt iva ted c l ean seed -beds. A considerable amoun t o f  da ta are  now 

ava i lab l e  co nce rni ng the cha racteris t ics of s o il - t i l l age p ro f i l e s  in 

conventional s eed-bed s which aim to encou rag e con s i s tently o p t imum 

r espons e s f rom s e eds and seedlings clurinf� germination and emergence . I n  

d i rec t  d r i l l ing (or  zero-tillage), because t h e  t echn i q ue is based o n  the 

avoidance o f  g e nera l  seed-bed ti ll age , with o r  without h e rb ic i d e s, t o  

eradicate the c ompeti ng weeds, the seed i s  SO\vn di r ec tly  into the until led 

soil . L i t t l e  c omparab l e  dara exist for un till ed seedbed s ,  and extrapolation 

f r om t he t i l l ed s e ed beds conditions s e ems to be justified only  i n  l imi t ed 

s i t u a t i ons . 

The  d evelopment i n  the J 950 's o f  Lhe desi ccan ts diquat and par aqua t, 

whic h d i s p layed w i d e  spectra of ac ti vi tie s aga ins t green t i s sues a nd v i r t ual 

inac t ivi ty i n  s o i l, lead t o  the  modern concept o f  d i rec t d r i l l i ng, and 

a n  a c c ompany ing u psu rge in research ac t iv ity . Cannel l and E l l i s (l ) 

comp i l ed a summa ry o f  comparative y i e l d s  from d ir e c t  d r i l l i ng and p lough ing 

exp e r iments  and th e i r  data reported that in 6 1 %  o f  the exper ime n t s  

( 24 c ompar iso n s )  o n  sp r i nf, barley direc t  d r i l l ing gave equal to, o r  

grea t e r  y i e l d s  than conventional tillage. For winter wheat the cor responding 

f igure was 4 5%.  Some depressions i 11 y i e lds with direct d r i l l i ng have 



b e en a t t r ib u t ed to mod i f i ed so i l  phys ica l par ameters a nd t o  d es i gn 

inadequac i es o f  the d r i l l s used fo r t h i s  purpos e . For  exampl e ,  

Baeumer ( 2 ) s ugges t ed that i nad equate p ene tra t io n  o f  d r i l l  c o u l t e r s  

2. 

in d r y  s o i l s , and consol i da t io n  and smea r ing o f  the d r i l l  s l i t were 

t h e  main caus es o f reduced p lan t  popu l a t io n  i n  h i s  exper imen t s . 

Soane ( J ) et al. also made s imil a r  observa tions b u t  empha s i zed the  

need to qua n t i fy th� i n te rac t ions o f  d r i l l ing machi nery and the  s o i l  

p hy s ical  paramet ers . Ther e  d oes no t app ear t o  b e  muc h  d a t a  avai lab l e , 

however ,  to s how the ef f ec ts of t he mod i f i ed s o i l  phys i c a l  parame ters  

o n  the  c rop e s t ab l i shme n t . In  o ne of th e mo re r ec en t s tud i e s  Baker ( 4 ) 

f ou nd h i gher s e edl ing emergence p erc en tage wi th an exper imen tal c h i s e l  

c o u l ter  compared to  t h a t wi t h  a commerc i al l y  avai l ab l e  t r i p l e  d i s c  

cou l t er . lie s ug ges t ed tha t  t h e  exp e r ime n tal chis el  coul ter  was, appare n t l y , 

c r e a t ing more favo u ra ble soil p hy s i cal cond i t io ns f o r  s eed g e rm i na t i o n  

a nd s eedl i ng eme rgenc� . 

More rece n t l y  i t· has become necessa ry t o  ex t e nd the  need fo r und er­

s tand i ng Lo emb rac e  the p r o bable i nterac t ions be tween so i l, seed , 

dr i l l i ng mac h i n e  and t he a tmo s p h e re a nd to formu l ate u s e f u l  c o r r el a t ions 

for o p t imum seed responses to p Lan Ling. 

One of the obj e c t i v es of this study has been to i d en t ify and 

i nv e s t i ga te th e salient soil physical parameters  which m igh t be 

a l tered by Lhe ac t io n of direct d r i ll i ng coul ter d e s igns , a nd in t u r n  

t o  s t udy the effe c t s  that these m ight have o n  t h e  germina t i o n  and 

s eed l ing emergence of whea t seed s a nd seed l i ngs . 

l. 2 INTEI{ACTTONS BET\mEN S01L, SEED AND AMB I ENT CONDITIONS IN  TILLED 

SOILS 

In  o r d e r  t o  und er s tand some of t h e  r el a t ionships b e twee n  the  

pa rame t e r s  in un t i lled s eed bed s , r ef e r ence t o  the mo r e  p l en t i f u l  d a ta 

o b t a i ned f rom conven t i on a l l y cultivated seed b ed s  was cons id e r ed to 

b e  a logical  background. 

1.2.1 S o i l  and Se ed Ho i s ture  Require men t s  f o r  S eed Germina t io n  

The need f o r  mo i s tun: during s eed imb i b i  t io n ,  seed germina t i o n  

and s eed l ing eme rge nce has l o ng been recognis ed, a n d  s p ec i f i c  r e q ui r emen t s  
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o f  many s p e c i e s  h ave b e e n  de term i ned . Hunter  a nd E r i c s o n ( S ) found tha t 

f or f iv e  so i l s , the  ave r age m i n imum v a l u e s  of  ma t r i c  po ten t ia l  necessary 

f o r  eme rgenc e o f  corn , r i c e  s o y a b ea n s  a nd sugarb e e t  s eed s respec t ively , 

wer e - 1 2 . 7 ,  - 8 . 0 ,  -6 . 7  and - 3 . 5  b a r s . C o l l is-George and Melv i l l e ( 6 )  

s howed tha t i n  t h e  proc ess o f  liq uid wa t er absorp t io n  a t  2 0  ± l . 5
°

C ,  whea t 

s ee d s  g ermina ted when t h e i r  mois t u r e  con ten ts were approxima tely 0 . 68g / g  

( d . b ) . Accord i ng to !U ll el ( 7 )  s o il mo i s ture po t en t ia l  a f fec ted 

s e ed germi na t ion and s e ed l i ng emerg e nc e ,  ei ther d ir e c t l y  through i ts 

e f f ec ts o n  c o nduc t iv it y  o r  i ndirec t l y  t h ro ugh i ts e f f ec ts o n  temp er a tu r e , 

wh i ch i n  t u r n  a f f ec t ed phys i ol og i c al p ro c es ses d u r i ng emb r ionic  d evel ­

opmen t and se ed l i ng g r ow t h . Th i s  au t hor a lso r e po r t ed tha t b ecause 

imb ib i t ion was a d ynami c p ro c e s s ,  i t  b e c ame c l ear t ha t  the po ten t ia l  

e nergy o f  t h e  so i l was not the o n l y  f ac t o r  t o  a f f ec t s eed germina tion . 

Ra t e  of moveme n t  o f  w a t e r  i n  t h e  s o i l  ac ross  t h e  seed-so i l  i n t e r face  

and i n  t he s e ed shou l d  a l so b e  t a ke n  i n to accou n t ,  e sp e c ia l l y  d u r ing 

e a r ly imb ib i t ion , w h e n  t he r a t e  o f  w a t e r up take was higes t .  P hiJ l ips
( S ) 

d Hadas ( 9 ) ar,d H d & S · t • 
( l l )  

an • a a s  t L J o e  s u g g e s t ed t ha t wa t e r  taken u p  f rom the 

so i l  ad j a c e n t to t h e i mb i b i n g s e (·d s mad e the matric po t e n t i a l  at 

the seed su r f a c e l o v.� e r  t h a n  t ha t of t he soil  b u l k . Also i t  a p p e a r ed 

tha t fo r good germina t i o n  and eme r g e n c e  a r e la t iv e  up take of  water  o f  
( 9 )  ( 1 2 ) 

app r ox imat ely 1 00% o f  t h e i n i r- ia J  s e ed v.� e igh t v.�as necessa ry Fe ed e s 

q u o t ed Dasb e r g  as claim i n g  t ha t  s o i J wa t er at d i s t a nc es e x c e ed i n g  lOmm 

from the s eed was no t t a k e n  u p  by s e eds of average d i ame ter of 2mm . 

H e  ap p ar e n t ly claimed f u r the r t ha t  ou t s i d e tha t range the  hyd r au l i c 

co nd uc t iv i ty o f  th e s o i l was of no impo r ta nce. 

. ( 1 3 ) ( 9 ) From t he resul ts o f  Col l 1 s -G eorge a nd Hec t o r  , Hadas a nd 
( 1 2 )  

F e ed e s  i t  appea r s tha t t h e  comh i n ed e f  f e e t s  of  m a  t r i c  pote n t ial , 

hyd r au l ic c o nduc t i v it y  and s e ed - so l l  con t act we r e  no t f u l l y  s epa r a t ed , 

i n t e r pr e t ed a nd spec i f ied i n  a way t ha t wo uld h av e  been  u s e f u l  as a n  

a i d  to th e design o f  d ri ]  J c o u L t e r s  a imed a t  p r omo t i ng max imum s eed l ing 

eme r g e n c e  p e r f orman c e . The i n f o r ma t i o n  i s  ev e n  l e s s  adeq ua te i n  thi s  

r e s p e c � when app l i ed to the  d e s i g n o f  d i r ec t d r i l l i ng coul ters  because 

o f  a paral l e l  d ea r th o f  d a ta o n  f u ndamental  so i l  mo i s ture  in t erac ti ons 

i n  uncul t iva t ed so i l s . 

1 . 2 . 2  The mechan i sm o f  S o i l Mo i s tu re Ava i lab i l i ty to S eeds 

The p ro c e s s  of s eed g e rm i n a t io n  s ta r t s when the  s e ed is  exposed 

to f avour ab l e  cond it i o ns . The s up p l y of soil mo is t u r e  to the s e ed is  
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g e n e r a l l y  cons idered t o  t a k e  p l a c e  ei ther by d i re c t seed-s o i l  contac t 

h h d ' f f · · I ' d  · t S co t ter ( 6 3) no ted that o r  t roug vapour 1 _ u s 1.o n  1 n  a 1 um 1  env1.ronmen . 

s o i l  moi s ture movement  was co n s i d e red to take place i n  w e t  s o i l  through 

l i q u i d f low wh i l e  in  ve r y  d ry s u i l s  vapour d i f f us ion was the dominant 

t r a n s po r t  mechan i sm . The same a u t h o r  repo r ted t h a t  the r e l a t ive 

va pour pressures  i n  eq u i l i b r i um w i L I J  s o i l s  a t  intermed i a t e  wa ter 

con tents ranged f rom a p p rox ima t e l y  0 . 60 to 0 . 99 .  Thes e two l imi ts 

c l o s e l y  c o r r e s ponded t 1 1  a i r  d r y a nd p e rma n e n t w i l t i ng po i n t  cond i t ions 

r e s p e c t i v e l y . Such wa t e r  c o n t e n l s o c c u r e d  f r eq uen t l y  in  the f i e l d , 

pa r t i c u l a r l y  n ear t h e  s u r f a c e o f  b a r e  so i l . 

l .  2 .  3 T h e Impo r_t:? n c f:':._ � S eed-so i l Co n ta c t  

T ( 1 4 ) ' d  d I d b d d . ro u s e  cons 1 e r e  t 1 a t  goo c ontac t e tween s e e  an mo 1. s t  

so i l  ai ded mo i s ture t r a n s f e r  t o  t h e  s e ed . Compres s i ng a s eed into 

t h e  soil i m p rov ed t h i s  c o n t a c t ,  b u t i t  did  no t assure a be t t e r  

s u p p l y o f  mo i s ture t o  L h e s e e d . \� I H:! n  compr e s s ion was exc ess i ve there 

w a s  a s e r i o u s  r e d u c t i o n  i n  t h e  l a r g e r ,  mo re e a s i l y  d r a i ned ma c ro po res , 

a nd f r eq u e n t l y  an i n c r e a s e  J n  t h e  n umb e r  o f  sma l l e r ma c ro p o r e s  w h i ch 

were  po o r  mo i s t u r e  c o nd u c t n r s . H e  f u r ther cons idered tha t e v a po ra t i o n  

f rom the e x po s ed s e e d - s o i l  l n l e r f a c e  may i n  t ime have  reduced  the  

mo i s tu re a b o u t t h e  s e ed <.J nd g e n e r a t ed a desor p t ion pro c e s s  i n  t he 

i n i t i a l ly i m b i b e d  s e ed . wh i c h m i g h t  have d e s i c c a ted b e f o r e  s e ed l i n g  

eme r g e n c e  took place . 

A . 1 :t ( 9 )  I I d .  h s p r e v i ous  y r e po r t e t , w 1 e n  t 1 e wa ter content  a J a c e n t to t e 

imb ib i ng s e ed d ec reased , a n  i mp a i rme n t o f  t he s eed -so i l  wa ter  c ontac t 
( I 5 )  . resul ted . Hadas and R u s so s ugg e s t ed tha t the we t ted seed area 

was hard to d e term i ne . T h e y  a t temp ted to charac te r i ze a comb ina t ion 

of the re l a tive seed c o n l a c l a r e a  a nd th e hydraul i c  c onduc tiv i ty o f  

the so i l  b u l k . They obs er ved t hat the l imi ti ng fac to r  for  the 

ava i lab i l i t y o f  so i l  mo i s t u r e  J ay i n  the  seed ' s  hyd raul i c  proper t i es 

and the seed-soi l c o n t a c t i m p ed e nc e . They recommended tha t improv i ng 

the  s eed p rope r t ies i n  r e l a t i o n  to so i l  wa ter , by  increas i ng the  

s eed-soi l contac t  a r e a , s h o u l d  l ea d  to improv ed s e �:.d l i ng eme rgenc e 

per formance . 

( 1 6 ) 
H i l l e l  & Hadas s u gg e s t ed t h a t  s eed beds be prepared s o  as to 

i ns u r e  a mea n soi l a g g r ega t e  d i am e t e r  o f  a t  l ea s t one-f i f th tha t o f  the 

s eed . They f e J t  t h a t t h i s  s hou l d i nc r ease the wa ter  up take b y  
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i nc reas i ng the  s eed -so i l  c o n t a c t area a nd decrea s i ng t h e  imb ib i t i o n  

p e r iod d ur i ng wh ich the t o p  s o i l. wo u l d  keep the  mo i s t u r e  po t en ti al . 

1 . 2 . 4  The So il-Ioo t I n te r face  

The  es tabl ishmen t o f  p l a n t s  i s  c l o sely  r e l a t ed t o  t h e  d ev elopmen t 

and es tab l ishmen t o f  the rad i c l e  i n  t h e  mo i s t  so i l , f o r  t h e  up t ake o f  

mo i s ture and nu t r i en t s . I n  d ry s o i l  and amb i en t c o nd i ti o ns t h i s  

phenomeno n i s  o f  more s i g n i f i c a n c e . From the v i ew po i n t  o f  t h e  

t ransfer  o f  wa t e r t o  t h e  ge rm i n a t i ng s eed , o n e  o f  the mos t impo r ta n t  

phy s i c a l  c hara c t er i s t i c s o f  t he s o i l-ro o t  i n ter face i s  t h e  d egree o f  

phy s i cal  con tac t o f  t i l e  r a d  i c: l e  w i th t h e  s o i l . 

I n  c o n v e n t i o na l c: u J L i v J t io n  s y s tems a n d  i n  the labo ra to ry , these 

l f h 
( 1 4 , 1 7 , 1 8 , 1 9 ,  

phenomena 1ave b een r es e a r c h ed by a n umb er o au t o r s . 
20 , 2 1 )  

The r e s  is t a n c l� o f  L h e  so i l  adj acen t t o  the r ad ic l e  " r h i zosphere 

. t " l d d 
. 

. ] . d b .  d .  
. ( 2 1 )  

re s 1 s  a n c e  c 1a nge u n  e r  v a r 1 o u s  s o 1 . mo 1 s ture a n  am 1 e n t  con  1 t 1ons . 

T h e  same au tho r obse rved t h a t w h e n  t h i s i n terface  r e s i s tance was 

s u f f i c i en t l y h i gh , t h e=  r a r i. d J y g row i n g roo t tips  had reduced t h e  wa t e r  

p o t en t i a l o f  t h e  a d j a c e n t s o i l  t o  n e a r  the wi l t i ng po i n t , even though 

the wa t e r po t e n  t i a J  a s l w r  t d J s  t :mce away was c l o s e  to f ie l d  capa c i ty .  

l t  has a l so b e e n  r e c o g n i zed t h a t  p l a n t  roo t s  were i ncapab l e  o f  dev e l ­

o pment i n to so i l  a t  mo i s t u re c o n  L en t s  much b e low t h e perman e n t  w i l t i ng 

p e r c en tage
( 1 4 )

. The e f f e c r s  o f  v a r i ou s envi ronme n t a l  f a c t o r s o n  the 

r e l a t ion b e tween roo t e n t r y  J nd t i l e  r e s i s t a n c e  of the  med i a  h a v e  

( 2 2 )  
a l so b een d e t e rm i ned f o r v a r- i o us  s pec i es . Barley e t  a l .  , a nd 

T ay l or & Gardner
( 2 J ) 

f o u nd l i t t l e  o r  no e f f e c t o f  s o i l  wa t e r  s u c t io n  

o n  roo t e n t r y  u n t i l  L h e  s u c t i o n va l ues exceeded 0 . 7  bar . Abo v e  tha t 

va l u e  the perc e n t age o f  r o o t s  t h a t en t ered the  so i l  mass s eemed t o  

. ( 24 )  
r educe . Gard n e r  a n d  Da n 1 e l s o n  f o u nd , howev e r , tha t t h e  p ropo r t i o n  

o f  co t to n  roo t s  t ha t p e ne t r a t e d  a wax layer  incr eas ed as  s o i l  w a t e r  

p o t e n t i a l  i n c r eased t o  0 . 50 b a r . T h e s e au tho r s  concluded tha t any 

d epar t u re f rom o p t i mum L· o n d  i t l o ns f o r  p l a n t  grow t h  b y  any o f  s evera l 

s o i l phy s i c a l  f a c to r s  r ed u c ed t h e  ab i l i ty o f  p la n t  roo t s  to e n t er 

imped i ng lay er s . 

A d · 'I' ( 1 4 )  . ld  b l d d h . c c o r  1ng to r o u s e  1 t  c o u  e cone u e t a t  mo 1 s ture  

s t r es s es were  l i k e l y t o  l imi t roo t p en e tra t ion and e longa t ion a t  

s o i l  mo i s tu r e c. on t c: n t s  n e a r  th e p e r manent w i l t i ng percen tage . I n  
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ad equa t e  p la n t gr ow th c o nd i t ions an i n c r ease i n  so i l  s tr eng t h  under 

h d l d  d h f 
. d 1 . ( 2 3) t e s e e  wou r e  uce t e r a t e  o roo t pene t r at 1o n  a n  e o nga t 1 o n  . 

1 . 2 . 5  The I n terac t i o n  B e tween So i l  a nd Amb i e n t  E nv ironmen t 

S o i l  phy s i c a l  c on d i t i o ns may b e  a l t e r ed by amb i e n t  c o nd i t ions . 

The a i r  t emper a ture  and rel a t ive hum id i ty a f f ec ted t h e  s o i l  d r y i ng 

r a t es wh i c h  m i g h t  de t e r mi ne the  ex t e n t  o f  so i l  crus t and roo t zone 

s o i l  s tr eng th , wh i c h  i n  t u rn migh t a f f e c t seed germ i na t io n  and p l a n t  

es t a b l ishmen t .  
( 2 5 ) 

Ef f e c t on S o i l  Mo i s t u r e  E v a po r a t io n  

"The ac tual  r ate o f  evapo r a t i o n  f rom t h e  s o il i s  d e t ermi ned 

e i t her by t he evapor a t i ve c a p ac i t y  o f  t he a tmo sphe r i c  env i ro nme n t , 

or b y  the ab i l i ty o f  t h e  b u J k  s o i l to d e l ive r the s u r face  evapo r a t ive 
, ( 87) ( 26 )  s i t e s  wh i c hev er i s  t h e  l es s e r ' . Jack son q uo ted Buckingham a s  

s ta t i ng tha t ,  i f  a mo i s t s o i l  w a s  ex posed to i ni t ia l l y  h i gh evapora t ive 

c o nd i t ions , the  d ry l a y e r  t ha t r a p i d l y f o rmed wou l d  r ed uc e  subseq u e n t  

eva por a t i o n  and t h e  c um u l a t i v e �v a po ra t io n  migh t  i n  t h e  l o n g  t e rm b e  

l e s s  t ha n t h a t  f o r  a so i l  i n i t i a l l y  e x p os ed to low evapor a t i ve 

c o nd i t io ns . Th i s  h y po l h e s i s ,  w h i c h  was f i rs t forward ed i n  1 9 0 7  
. ( 27) was l a t er c o n f 1 rmed by l a b o r a t o r y d a t a . Jackson ( lac . c i t . ) i n  

h i s  f i eld exper imen ts no t i c ed t ha t  t h e  " d r y l ay e r " f o rmat ion o c cured much 

so o ner in warmer condi t io n s  bu l c o n c l u d ed tha t cumu l a t ive evapo r a t io n  

migh t no t necessa r i l y  b e  l ow e r  when a n  ear l y  d ty surface  l ayer 

f o rmed compa r ed w i t h t h a t  wh e n  t h e s u r f ac e  was mo i s t  over a l o ng t ime . 

Howev e r , he sugge s t ed t ha t  t h L s  m i g h t: h o l d  in cases where t h e  s o i l  

had b een a r t i f ic ia l l y mu l c hed u r  c u l t i v a t ed t o  c r ea t e  a loose d r y  

su r f ace l ay e r . 

I t  appear s , t her e f o r e , t h a t t h e i n i t i a l  soil  mo i s t u r e  c o n t en t  

and the  sub s eq uen t r a t e  a nd p a t t er n o f  d r y i ng a r e  impor tan t fac tors , 

p ar t icularly  i n  r e la t i o n  to s e ed ge rm i na t io n  and s eed l i ng emergenc � . 

Mo re p a r t i c u lar l y , i t  i s  f e l t: t h a t  b ec a u s e  d i r ec t  d r i l l ing coul ters  

c r ea t e  the  o n l y  phy s i c a l d i s t u r b a n c e  o f  t h e  soil  at  o r  near the  s e ed 

zone , t h e ir d e s ign c r i  t e r  la m i gh r have to take i n to accou n t  t h e  amb i e n t  

cond i t ions and t h e i r  e f  f e e  t s  o n  s u i l a nd s eed p e r f o rma nc e . 



1 . 2 . 6 S o i l  Mec han i � a l  I m p ed e n c e  to
_ 

S e ed l i ng 

S o i l  mechan i c a l  imped ence  i s  a phenom e non whi c h  a f f e c t s  s eed  

and s e ed l i ng emergen c e i n  two d i s t inc t ways ; impedence to roo t 

s y s t ems and imped enc e t o  s e ed l i ng emergence . The maj o r  empha s i s  

7 .  

o f  the s tudy r epo r t ed h e r e i n  was a t  f i r s t  to cons id e r  s eed l i ng emergence 

and i ts in t er r ela t ionsh i ps w i th so i l  c omp ac t ion , c r u s t f o rma t i o n  a nd 

amb i e n t  cond i t io ns . La ter  emp ha s i s , howev e r , inc luded some con s ider­
a t ion al so o f  ear l y roo t imp ed e nc e , as t h i s appea r ed t o  be l i nked 

to  the ea r l y s urvival of t he s e ed l i ng .  

In c o nv e n t i o n a l  c u l t i v a t i 0 1 1  t h e r e  h ave  been  many r epo r t s  o n  t h i s  

b
. ( 2 8 , 2 9 , 3 0 , 3 1 , 3 2 )  • h . f d l i  s u  J ec t T 1 1 e  mec a n l sm o see ng emergence 

th ro ugh crus ts , w i t h  and w i t h o u t compa c t io n , and the v e r t ic a l  thru s t  

and t o tal  energy  ex p e nd ed b y  a r a nge o f  s pec ies has been  s tud i ed . 

For examp l e  Tay lo r e t  u l .  ( 2 S ) 
w i t h a range o f  soil  and amb i en t  cond i t­

i o ns , f o u nd tha t pene t r a t i o n r e s i s t a nc e  f o r  mo s t  c e r ea l s  was approx­

i ma t e l y 7 b a r s , b u t  t ho u g h t t h a t  t h i s  wa s a f i rs t a p proxima t i o n  and 

va l id o n ly f o r  a c e r t a i n  r a n g e  o f  env i ro nm e n ta l  co nd i tions. Ha c ks 
(3 2 )  

a nd Thorpt� s how ed t l 1 a  t so11 1 e wh ea t  s eed l i ngs wo u ld emerge t hrough 

crus t s  o f  0 . 8  b a r  s t r e ng t h ,  a nd t ha t a bo u t 20 p e r c e n t  o f  gra i n  s o r g hum 

s e ed l ings c o u l d  e m e r g e  t h ro u g h  c r u s t s  o f  l . 4  bars  s t reng th . 

La teral ancho r age was co n s i d e r ed to  b e  ex tr eme l y impor tan t as 

it enab l ed the shoo t ro ex e r t  i t s po t e n t i a l l y ava i l ab l e  thrus t .  

I f  the zone immed ia t e l y b e l ow t he s e ed was no t f i rm , the s hoo t t end ed 
( 2 9  3 0 3 3 )  

t o  grow ho r i zo n t a l l y  r a t h e r  t h a n  v e r t i c a l l y ' ' . These 

au tho r s  repor ted a l so L 1 1a  t i f  t h e  a r ·a :l mmed ia t e l y  a ro und the  s eed 

wa s f i rm enough , t h i s  m i gh t  h e l p ha rd - t e s t a  ge rmi na t io n , by a pp l y i ng a 

cou n t e r p r e s s u r e  a ml b u r s t i ng t: h t:>  s e ed c o a t w h e n  the  hydros t a t i c  

p r e s s u r e  ( t u r go r )  i ns i u e  t i l e  s e ed s t a r t ed bu i ld i ng up. I f  the  

hyd ros ta t i c p r es s u r e ( wh i c l l  was c ons l d e r ed t o  b e  a func t ion o f  mo i s tur e 

S t resses  o r  amb i e n t  c�nd l t io n s )  was no t s u f f ic i e n t  to  overcome the 
(25) 

wal l  r e s t r a i n t s  and soi l i mped e nc e ,  elonga t ion of t ha t  roo t c eased , 
( 34 ) 

Johnson and H e n r y  no tice d  tha t by compac t i ng a soil  l ayer 

2 5  mm above the seed � d i f f u s io n  bar r i e r was crea t ed whi ch reduc ed 

the overa l l  d r y i ng r a t e  y e t  a l lowed ad eq ua te corn emergence , because 

the d ry ing of the comp a c t ed la yer  wa s d e l ayed . Th ey a l so no t ed a 



h igher p l an t e s tab l i s hmen t r e s po n s e  a t  l ower i n i t ia l  mo i s t u r e  c o nten t s  

and a r ed u c ed overa l l  s o i l  d r y i ng ra t e ,  when p r essure was a pp l i ed 
( 3 5 ) . ( 3 6 )  ( 3 7 )  

over th e s e ed . French , F1scher  and Hudspe t h  u s ed rubber 

tyred p r e s s  wh eels  to p ress t h e  s e ed i n to the  soil and t h e n  cov e r ed 

8 .  

1 h l . l d b d 1 . . 1 J h & H 
( 34 )  

t 1em w i t oose  s o l  a n  o ta i ne r esu t s  s 1m1 ar t o  o nson  enry . 

1 .2.7 So i l  Aera t i o n  

"S eed germ i na t i o n  is a p ro c e s s r e l a t ed t o  l iv i ng c e l l s  and r e q u i res 

an expend i ture o f  energy by t h e s e  c e l l s . Energy r eq u i r i ng p ro c e s s es 

i n  l iv i ng c e l l s  are u s u a l l y  s u s t a i n ed b y  processes o f  o x i d a t io n , i n  

t h e  pres ence o r  abs ence o f  oxygen . The s e  pro c esses , r e s p i r a t io n  and 

f ermen ta t io n , invo lve an exchange o f  g ases , an ou t p u t  o f  c arbon 

d io x i d e  in bo t h  cas es and a l s o  t h e  u p t a k e  of oxygen i n  the case  o f  
• • 1 1  ( 38)  

r es p 1 r a t 1on . 

From t h e  above s t a t emen t i t  i s  apparen t  tha t i t  i s  impo r tant  

to have s o i l  aera t io n  c u nd i t i o n s , c u nd u c ive t o  op t i mum s eed performa nce . 

Aer a t io n  e f f ec ts o n  t i l e  s e ed , s e ed 1 i ng and roo t sys tem c o u ld regu l a te  
( 3 9 40 41  4 2  4 3 )  

p l a n t  grow t h ,  accord i ng to s ev e ra l  au t ho r s  , ' ' , . Appar ently 

cons i d e r ab le con trove r s y  has ex i s t e d  a bo u t t h e  aera t io n  param e t er s  

tha t were mo s t  u s ef u l t o  m e a s u r e , and ab o u t th�  l ev e l s  o f  aera t i o n  
( 44 )  ( 1 4 )  

tha t l i mi t L'd roo t d ev e l o pmen t . Trouse  s ta t ed tha t poo r 

a e r a t io n  c o u l d  b e  pa r t i a l l y r es po n s i b l e  f o r  a s lower ra t e  of hy po c o t y l  

expansion i n  c omp r e ss ed so i l  b e c a u s e  i t  w a s  t he oxy gen . tha t was 

req u i r ed for r a p id g r o w t h  a nd c e l l  e l o nga t ion which  gav e the hy poc o t y l  

i t s f o rwa r d  t h r u s t .  H v  F u r t h e r  s u g g e s t ed t hat d i r ec t e f f ec t s o f  

r educed aera t i o n  o n  r o o t s  s e emed t o  h e  t ho s e  o f  r e d u c ed f unc t ion ing 

and e long a t io n . I t  i s  i m po r t a n t ,  t he r e f o r e ,  i n  f ield cond i tions , 

to m e e t  t h es e oxygen r eq u i r emen t s  f o r  ra p i d  g rowth o f  roo t s  and 

pene t ra t i o n  i n to t h e  mo i s t  s o i l  i n t e r f a c e . 

. ( 4 5) 
Mor i naga , as  � u r l y a s  1 926 , f o u nd tha t b ea ns , c o r n ,  and many 

o th er s e ed wou l d  no t g � r m J na t e  u nd e r wa t e r , a l though t h ey germina ted 

well o n  mo i s t b lo t t i ng p a p e r . ! l e  a t t r i b u t ed ti le g ermina tion f a i lure 

und er wa t er t o  a lack  l l r o x y g e n . I n  h i s  ex p e r 1.men t s , howev e r  c e lery 

and l e t tuce  germina teJ sa t i s f a c t o r i l y  und e r  wa ter . Tacke t and P earson
( 4 4 )  

found tha t roo t p e ne t r a t i on t h r o ugh low dens i ty s o i l  was no t af f e c t ed 

un t i l  oxygen concen t r a t i o n wa s r ed u c ed t o  b elow 1 0% .  Con s i d e ring  
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( 39 ) 
aera tion , Hack , who worked w i th t oma to seed in compos t  with high 

ma t r i c  po ten t ia l , found good emergence at -0 . 027 bar m a t r i c  po ten tial 

which was eq u iv a l ent  to an a i r  f i l l ed p o r e  space o f  20% (v/v) 

of a i r . He found poor eme rgence at - 0 . 0 1 3  bar ma t r i c  po tential which 
( 4 0 )  

corresponded w i th 8 %  ( v / v )  o f  a i r . Hank a nd Thorpe o b s erved  

a r ed u c t i on in wheat  seed l i ng emergence at  oxygen d i f f u s ion rates 
- 7  - 2  1 b elow 1 . 24 to 1 . 6 5 . 1 0  kg . m  . s ec . - This rate  corresponded to 

a pore space of approx ima t e l y  1 6% in a s i l ty clay l o am and 25% in 

a f ine sandy l o am . Feed es ( l 2 ) 
q uo t ed Dasb erg as s ta ti ng in 1 96 8  

that there was a decrease i n  t o ta l  emergence o f  whe a t  seedling and 

o f  a r ange grass (Q:pyzotJs-i s )  when the oxygen d i f f u s ion  rate to pla tinum 
. - 7  - 2  - 1  elec trodes  was b elow 0 . 3 3 .  L O  kg . m . s ec . He  f u r ther obs erved 

t h a t the b u l k  o f  the oxyge n  w a s  t a k e n  up by the s eed by means o f  
( 28 )  

d i f f u s ion . S to u t  e t  a l .  c i ted Farnswo r t h  a s  hav i ng found tha t 

s oi l s  w i t h an a i r  ca pac i t y o f  l es s  than 1 2% s u p p r e s s ed germina tion o f  

s u g a r  b ee t  s eed s d u e  to  t h e  p o o r ae r a t ion . 

Apar t f rom mechan l c a l  means , t l w  so i l  dy namic a tmo spheric 

p r o c e s s  mi gh t have b een a l t e r ·d by the  amb ient  temperature var iat ions , 

the ambien t  vapour p re s s u r e  g t·ad i e n t ,  s o i l  b io-chemical amendmen ts 
( 1 4 )  

a nd s o i l  mo i s ture  c o n t e n t c ha n ges . I t  appears  to b e  impor tan t , 

when d e s ig ning a s eed- b ed p r ep a r a t i o n  s y s tem ,  to ma i ntain an oxygen 
d i f f u s ion r a te i n to t he so l l  b y  con t ro l l ing thi!  s i ze a nd con tinui ty 

o f  the po r e  sys tem . 



1 . 3 INTERACTI ONS B E T'...JEEN SO I L , AMB I ENT CONDI T IONS , S EED AND D I RECT 

DRI LL I NG COULTER D E S I G N S  lN U N T I L L ED S O I LS 

S tu d i es f rom the l a s t d ec ad e  sugges t tha t cons i d erab l e  exper ience 

has  now b een g a i ned w i th  n o - t i l l a g e  o r  d i rec t d r i l l i ng prac t ic e s . 

1 0 . 

d
( l l ,  4 6 , 4 7 , 4 8 ,  4 9 , 50 , 5 1 ) A numb e r  o f  s tud i es have  b e e n  repo r t e  , comp-

a r i ng conve n t io na l  and d i r e c t d r i l l i ng techn i q u es wi th  v ar y i ng degrees 

of  success c l a imed for  t h e  l a t t e r . From these s tud i es i t  s e ems tha t 

there  has b e en l i t t l e  a t t en t i on g i v en to research i n to the  f und amen tal 

r e l a t ionsh i p s  o f  the s o i l , seed and c o u l t er d es ign i n terac t ions of 

d i rec t d r il l ing . S uc c e s s f u l  adop tio n o f  d ir ec t d r i l l i ng s y s t ems f o r  

c r o p  produc t i o n  i s  l i ke l y  t o  d e p end on a n  under s tand i ng o f  t h e  i n t e r ­

ac t i o ns b e twee n  t h e  so i l  a n d  c o u l t e r s u s ed , a s  w e l l  a s  o f  t h e  p l ant  
( 3 )  

r e s ponses o b ta i n�d . S o a n e  e t  a l . obs erved tha t no  q u an t i ta t iv e  

meas u r eme n t s  o f  s l i t  c h a r a c t e d  s t i c s  f o l l ow i ng d i rec t d r i l l i ng u s i ng 

t r i p l e  d i s c  c o u l ters h a d  b ee n  mad e . ' fhese au tho r s  r ec o g n i z e d  the 

p r o b l ems wi th smea r i n g ,  i n c o m [l l e l e  groove c lo s u r e , seed-so i l  c o n t a c t 

a nd " po n d i 1 1 g "  w i t h i n  L i t e  s l i t ,  p a r t i c u l a r l y  i n  s i l ty c l ay loam s o i l s . 
_ , ( 5 2 ,  5 3 , 5 4 ,  ') 5 )  . d 1 1  d d l t  was s ug � es t eu t l w t. w h e n  d 1 r e c t r i  ing w a s  i n t ra uce  

i t  r es u l t eJ in  c o n s o  I l d a r- i o n  tl r c ompel < '  t i o n . T h i s  w a s  a problem p a r t -

. l 1 . h I h . 1 d . 1 d 
( 5 6 )  

l. C l l . a r y 1 1 1 L e r o o t z o n e , w I L� n  t � t r 1p . e 1 s c  cou t e r  was use . 

H u lk d ens i ty read ings a nd t h �  r e s i s t a n c e  t o  pene t ra t ion were u s u a l l y 

. d '  d ' 1 1 I ' I  I . 1 h d ' 1  ( J ) I grea ter L n  1 r e c t r 1  �c s o L . s t 1 a n  1. n p . oug e so l. . . n 

o th e r  ex p e r ime n t s  l l l i s  d i d no r o c c u t·  w h e r e  the  so i l s  we re  o f  l i g h t 

t f I ·  h 
· tlla t t � ,_ ( S ? ,  5 8 •  5 9 )  ex tu re or  o 1 1 g  o r g <J t l L e  � L 

S low e s t a b l i s hme n t  o r  p l a n t s  \v a s  co ns i d e red by Rus s e l l  e t  a l . 
to b e  as so c i a t ed w i t h  m ec h a n i c a l  j rn p e d e n c e  d ue to compac t ion and / o r  

smea r i ng o f  g rooves �.oJ ! J  i c h a p p a r e n t l y  r es u l t ed i n  mo re prof ound and 

Ma l. ( 5fi ) , squashed r o o t s . c om p a r i n g two d i r ec t  d r i l l i ng c o u l t e r s  

( 6 0 )  

observ ed h i gh p e ne t r o m L' t e r  r e : :d ::> t a n c e  and bu l k  dens i t y ( r e l a t i v e  t o  

t h e  u n  t i l l ed s o i l ) i n  l l t t! r o o  1. zo n e  w h e n  us ing a t r i p l e d i s c  on s i l t  

l oam so i l .  l lowev e r , l t e  r e p o r  L ed no ::; ig n i  f i cant  d i f f e rence i n  b u l k 

d e n s i ty and re s is ta n c e  to p e n � r r a t i o n  rela t i v e  to u n t i l led so i l  wh en 

h e  u s ed an ex per imen ta l c h i s e l  c o u l t e r  des ig ned ea r l ier  by  Baker ( 4 ) . 
S t ibbe  and Ar i e l  ( 4 ? ) 

r e po r t ed t h e  r e s u l t s  o f  H i l l e l  e t  a l .  who 

a p p a r e n t l y h ad found t h a t t h e  mo i s tur e c o n t e n t s  o f  the 1 00 m m  p l a n t i ng 

l ay e r w e r e  h i gh e r f o r  a z e r o - r l  I l a g e  t r ea t me n t  than f o r  p loughed l and . 

La l
( 6 1

•
6 2 ) 

no t ed i n c r e a s e d  ::; o i l mo i s t u r e  i n  mu l c h e d  and u nd i s t u rbed 

s o i l s  i n  h u m i d  t ro p i c s . I n  l i m i t ed ra i n f al l years , he c l a imed tha t 



y ie l d s  w ere f r eq uen t l y  g r ea t e r w i t h  d i r ec t d r i l l ing than a f t er 

p lo ughing . 

B 
( 2 ) · d 1 f I ' . 1 9 6 9  d 1 9 7 0  h d a eumer C l  te r e s u  t s  o - K ; t  1 n t  WtlO 1n a n  a 

1 1. 

examined the p e r f o rma nc e o f  wh ea t , bar l ey , o a ts and f ie l d  b eans o n  

a s i l t  l oam , a c l ay l o a m  a nd a s hal low calcareous s o i l . He compared 

seedl i ng emergence o f  two d i re c t d r i l l i n g  me th ods w i th conven t ional 

method s . He  repor t ed m e a n s  o f  s eed l ing emergence f o r  a l l spec i es 

o f  86% , 5 1 %  and 6 7 %  a f t er u s i n g  a " ro t a s ee d e r "  a nd 7 8 % , 7 9 %  and 

49 %  s e edl i ng emergenc e a f t e r  u s i ng a " s emava tor " in s i l t l o am s o i l ,  

c l ay loam s o i l  and c a l c a r e o u s  so i l respec t iv e l y . H e  c o nc lud ed that  

plant  d e ns i ty was  s t r o ngl y  d e p r e s s ed e spec ia l l y on so i l s  w i th h igh 

1 B ( 2 )  1 d D b l h . h . c ay c on te n ts. aeum e r  a s o  q uo te e r u e ( ,  w o 1 n  l S  two year 

exp e r imen t s  w i th t r i p l e d i s c  d r i l l s  i n  1 96 9  appar en t l y o b served a 

20% r e d u c tion  i n s eed l i ng eme r g e n c e  o n  a c lay loam c ompar ed w i th con­

ven t io na l  c u l t i va t i o n . Howeve r ,  on sandy and loam s o i l s  s e ed l i ng 

em er g en c e  w i th t h e  t r i p l e  d i s c  c o u l t e r var ied onl y s l igh t ly when c ompared 

d 
( 4 9 ) 

wi t h  c o n ve n t io n a l  c u l t i v a t i o n . Res u l t s  f ro� ano ther s t u y 

wh i ch comp ar ed s eed l i ng em e r g e n c e  l n  d i r e c t d r i l l i ng a nd conven tiona l  

cul t iva t ion s howed 6 5% a nd 8 2 %  em e r g en c e i n  a s il t l o am and a s i l t  

c l ay loam r e s p e c t iv e l y  u s J ng d i r e c t d r i l l i ng c ompa red w i th 84 % a nd 

8 7 %  eme r g e nce u s i n g  c o nv e n t i o na l l y  t i l l ed s eedbed s . Th i s  a u t h o r  

d id no t a t t emp t to i s o l a t e t h e  e f f e c t s  o f  amb i en t c o nd i t ions a nd so i l  

phy s i c a l  f ac to r s  in r e l a L i o n t o  t h �  repor ted eme r g e n c e r es u l ts . 

I n  ano t h er r e c en t l a bo r a t o r y  s L u d y  o n  u n d i s t u r b ed s o i l  b l o c ks ( 4 ) , 

eme rg enc e c o u n ts w e r e  t a ken us i ng t h r e e  d i f f er e n t  c o u l t e r  a s s emb l i e s  

f o l lowed b y  b a r  h a r r ow i ng . The r e s u l t s  r e po r ted max imum whea t s e ed l i ng 

eme r genc e o f  7 7 %  w i t h  a n  e x p e r i m e n t a l  c h i s e l  coul t er , _ cQmp a r ed t o  

2J% and 26% w i th comm e r c i a l l y  a va i l a b l e hoe and a t r i p l e d i sc c o u l t e r 

a s s emb l i es r e s p e c t i v e l y .  T h i s  a u t ho r , however , c a u t i o ned a ga i n s t  

in ter p r e t i ng these r e s u l t s as h e i n g who l l y  a p p l i c a b l e  to  f i e ld p ra c t i c e s  

a t  t h i s  s t:age . Even t l l o u g l\ h e  r eco r u ed ehe larg.e s eed l i ng emergence 
d i f f erences q u o t ed a b ove h e  was no t a b le t o  �'X:pl a i n  the d e .ta ii l ed 

p r o c e s s e s  of s o i l  groove d r y i ng r a te s a nd the amoun t and mod e  o f  

ava i l ab l i l 1 t y  o f  mo i s  t t t r e  to t h e  imb i b i ng s e ed and eme r g i ng s e ed l i ngs 

wh ich probab J y had a c c o t t n t eu f o r  t h e.· d i f  f erenc:es . I n  fac t th i s  

au thor no t e d t ha t  meas u r e t 1 1en l o r  t h �  s e e d - s o i l  microenvi ronme n t  
rema i n ed o ne o f  t h e  mo r �  d i f f ) c u l t a s p ec ts o f  su c h a s t udy . l i e  

ex p l a i ned i nd i re c t l y  ( by i r r i ga t i o n )  t h e  e f f e c ts t h a t t h e  so i l 

mo i s t u r e  s la tu s  h ad h a d  o n  s e e d l i ng em e r g e n c e  pe r fo rma nc e . 
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There app ear s  no t to have b een any mo re recen t ly r epor ted d a t a  

whi ch migh t f ur ther  exp l a i n  t h e  reasons underl y ing t h e  d i f f er en c es i n  

s ee d l i ng p er formance be tween d r i l l  cou l ters . For t h i s  reason i t  

appeared to b e  impor tan t to a t temp t t o  i so la t e  and s tudy t h o s e  

p r o c es s es o f  s o i l wa ter t rans f e r  to t h e  seed w h i c h  migh t b e  i n f l uenced 

b y  d r i l l  cou l te r  de s i gn . 



1 3 .  

1 . 4 SPEC I F I C  RES EARCH OBJECTIVES 

I t  is c l ear tha t the  eve n tu a l  scope and u s e f u lness  of the d i r ec t 

d r i ll ing t e chnique d e p e nd s  largely on how well the s o i l  and c l ima t i c  

condi tions c a n  b e  d e f i n ed and o n  t h e  abil i ty o f  s c ienti s ts to s p ec i f y  

the req uiremen ts o f  cou l t e r  des igns f o r  mo re r e l iab l e  s eed germina tion 

a nd c rop e s tab lishmen t . The s tudy repor ted herein ther e f o r e  was 

to a t t emp t to measure the micro-environmen t a t  the s eed-soil  interface  

i n  d irec t d r il l ed groove s  crea t ed by a range of  selected  coulter s . 

I t  was hoped tha t s i gn i f i c a n t  in terac t ions which were a t t r i b u tab l e  

t o  des igns o f  c oul ters  a nd cover ing m e thod s in  bo th contro l l ed c l ima t i c  

condi tions a n d  f ield cond i t i o ns migh t b e  identi f ied . I t  was a l s o  

f e l t  t o  b t: impor tan t to  a t tem p t  t o  fo rmu l a te po s s ib l e  q ua n ti ta t ive 

rela tions h i p s  which  m i g h t b e  used i n  i d en t i f y ing coul ter  des ign  c r i t er i a , 

and theref o r e  the pos s i b l e  app l ic a t ion o f  any give n d i rec t d r i l ling  

mach i nery and/or techn i q ue i n  given so i l  and amb ient c o nd i t ions . 

The s p ec i f ic aims o f  t h i s s t udy were as  l i s ted b e l ow :  

( a )  To re-examine i n  c l o s e ly con t ro l l ed c l ima tic  cond i t ions , whea t 

s e ed l i ng emergence da t a  p r eviously  o b t a i ned u nd er par t i a l ly con tro l le d  

cond i tions
( 4 ) us ing t h ree  d i f f e r e n t rl l r ec t d r i l l i ng cou l t er des igns 

;;llld cove r J. ng techniq ues . 

( b )  To id e n t i f y  and mea s ure t h e  impo r tan t soi l phy s i c a l  parame ters 

mo s t  l i kely  to a f f e c t  s e ed l i n g  emergence f rom unti l l ed so i l s  and which 

were able t o  be mod i f i ed by  mecha n i ca l  means . 

( c ) To a t temp t to i m p r o v e  t h e  s eed l i ng emergence p e r f o rmance o f  the 
( 4 )  l eas t s u cc e s s f u l  coul t e r  d e s i gn and i n  so  do ing to iden t i f y  the 

c r i tical  coul ter d e s i g n  parame t e rs wh i ch had b een l im i t ing i ts 

p e r f ormanc e .  

( d )  To repea t edly t es t s e l e · t ed d r i l l ing and cover i ng me thods over 

a range of amb ient and t i eJ d cond i t ions  in order to a s c e r tain the 

f r eq uency o f  ex pec t ed s eed l i ng emergence d i f f er ences in f ie l d  

s i tua tions . 
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( e )  To i nves t i ga te t h e  f e as i b i l i t y o f  c r ea t in g  s im p l e  mod e l s  to 

exp l a i n  o r  p r ed i c t  s e ed l ing p e r f o rmance i n  t e rms o f  mea su r ab l e  s o i l ,  

amb i en t and d r i l l  c o u l t e r  pa r ame t e r s . 

1 .  5 THE EXPERIMENT P IWG RM1ME 

The p r o j e c t  was i n i t ia L e d  i n  1 9 7 6  a n d  was e x e c u ted i n  the 
f o l low i ng s tages . 

( i ) Meas u r em e n t  o f  t h e e f f e c t s  o f  s o i l-ma c h i ne i n t e ra c t ions in 

u nd i s t u rbed s o i l  b l o c k s . 

( i i )  S tud y o f  l i m i t i ng f a c t o r s  c a u si ng s e ed l i ng eme rg e n c e  i n  sma l l  

und i s t u r bed tur f b l o c k s . 

( i i  i )  S t ud y o f  the i n- g r o o v e  m i c  r e - e nv i ronme n t  a t  t h e  s eed-s o i l  

i n t e r f a c e . 

( i v )  F i e l d  e x p e r imen t s : Compa r i s o n s  o f  c o u l t e r  t y pes and the i r  

p e r f o rma nce und e r  a r a ng e  o f  c l i ma t i c  and s o i l  c o n d i t io n s . 
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Gl .�PTE�. I I 

�1E.�SUREMGIT Ot THE  EF F E C T S  Ot  SO J L-f1/\CH P IE  HI TE RACTIDr'lS 

I� U NDIST U RBED SO I L  B LOCKS 

2 . 1  GENERAL OBJ ECTIVES 

The p e r f o nna n c e  o f  L l 1 r e e  c o u J L e r  d es i g n s  a nd cov e r i ng techniq ues 

w e r e  tes t ed in terms o f  L I J ei r a b J .I i ty t o  p r omo te whea t s eed l ing 

emer genc e .  Th i s  techn i q u e u t i l .i zed J a r g e  ( 0 . 5 tonne ) und i s turbed 

t u r f  b l o c ks wh i ch  w e r e  p l ac ed i n  c.: u n t ro l l eJ c l ima t e  r o oms for 2 to 3 

weeks a f t e r  d r i l l ing . M ea s u r emen ts i nc l ud ed s eed germ i na t ion and 

s e ed l i ng eme r g ence c o u n t s , s u i l  mo i s t u r e c o n t e n t s , temp e ra ture in 

the  d i r ec t  d r i l l in g  g r o o v e s  a nd t h e mec hanical imped e n c e  to 

s eed l i ng eme r g e n c e . 

The mai n  a i ms o f  L I J L' S e  e x p e r i ru e 1 J t s  w e r e  f o u r  fo l d : 

( a ) To c omp a r e  the p e r f o rma nc e o f  t l t r- e e  c o u .l t e r  a s s emb l i es i n  t h e i r 

ab i l i t i e s  to  f o rm s u i t a b l e  s e e d  b ed s  f o r  s eed g e rm i na t i o n  and 

s eed l i ng emergenc e . 

( b )  T o  assess t h e  e f f ec t s o f  i n i t i a l g e n e r a l  ma t r i x so i l  mo is tur e 

l ev e l  a t t h e  t im e  o f  d r il J i ng ,  o n  s eed germ i na t ion and s eed l i ng 

emergenc e . 

( c) To s tudy the i n t e r a c t i o n s  o f  l n j t i a l  i n-groove so i l  mo i s tu r e  

co n t e n t s  w i t h  so i .1  p h y s i ca l  f ac to r s . 

( d ) To d e t ermi n e  the e f f e c L s o f  a m b i e n t  re l a t i v e humid i ty on so i l  

mo i s t u r e  s ta tus , wh i c h m i g h t i n  turn af fec t t h e  s e ed performanc e . 

( e) To exam i n e  the ro l e  o f  d i f f e r e n t  m e thod s of c ov e r i ng and 

press i ng the seed a f t e r  J r i l l i ng ,  in an a t temp t to i so la t e  the 

e f f e c t �  o f s e e d - so i l c o n t a c t on s o i l  mo i s t u r e  d i f f u s i o n  and 

abso rp t .i o n  by the i m b i b i n g a nd g e rm i na t ing s eed . 
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2 . 2  D I S CUS S iON OF MAT E R I A L S  AN D E X P E H l M ENTAL TECH N I Q U ES US ED 

T h e  u s e o f  s o i l b J n s l s  no t new i n  the s c e i n t i f i c s t ud ies o f  s o i l -

p l a n t-machi ne re l a t ions . S c i e n t i s t s n nd e ng i nee r s have used d i s turbed 

s o i l  s ampl e 8  and / o r  a r t i f i c i a l _l y  p a c k ed b i n s to s tu d y  s o i l phys i ca l  

b eh a v i o u r , s o i l ma c h i ue wec l w n j c s  a n d s o i l - p l an t  in terac t i o n s  ( 6 3 , 6 4 , 6 5 ) . 

V a r i ab l e amb i en t c o nd i t i o ns h a v e  ma d (· i t  ne c es s ary to use such t e ch n i q ues 

ma i n l y  i ndoo r s , a n d  e v e n  i n  c o n t r o l l c·d c l ima t i c  cond i U ons , i n  o r d e r  t o  

a c c u ra t e l y f o rmu l a t e q u a l i l w t i v � a nJ C J U i:l t l t i ta t i v e  i n t e r a c t i ons . 

B y d e f i n i t i o n , i t i s  c l L·a r J y  lH:!C' l · s s a r y  t o  u s e  un d i s t u r b ed s o i J  

s a m p l e s , r e p r e s e n t a t i v e u l  i c l d  C • l n d i t: L o n s , i n  d i r e c t d r i l l i ng s t u d i e s 

u s i ng s u ch t e c h n i q u e s . T h e i m po r t a nc e  o f  u s i n g a t i l l age b i n  t ec hn i q u e  

i n  d i r ec t  d r i l l i ng s t u d i e s i s  ::> t t p po r t ed b y  t h e f a c t t h a t f u n d ame n t a l  

s o i l p h y s i c a l  pa ram t e r s a n d L h t:d r  i n t e r a c t i o n s  w i th c o u l t e r  d e s i g ns a nd 

amb i e n t  c o nd i t i o n s hn v e  no t h <.! e n  w e l l  t t nd e r s to o d a nd i n t e r p r e t ed u s i ng 

f i e l d s tud i e !:' .  

( 6 6 )  B a k e r  e x p l <:t i t l t:J d t nv c l l a n i z e d  t e c h n i q u e f o r  ex t r a c t i ng " u nd i s t t t r b e d " 

t u r t b l o ck s  f rom t h e  f i e l d  a n J o u t l i n ed t h e Tne r i t s o f  t h e i r u s e  i n  

l ab o ra t o ry t i JJ a g e s t u d i <.: s . T n  L i t e  ! ' r e s e n t  s t u d y , us e was mad e  o f  t h e s e  

s o i l b ins to i nv e s t i ga t e c r i t i c a l l y t h e i n t e r a c t i o ns o f so i l  phys i ca l  

f ac tors , amb i e nt  c o nd i t i o n s  i l t td d i r e c t d r i l l i ng t e c h n i q u e s . Und i s tu r b ed 

t u r f  b l ocks ( mea s u r i ng I .  8 m l o 1 1 g , h60 mm w i d e  a nd 2 00 mm deep)  w e r e  

e x t ra c t ed f rom a "Ma nawa t u  t i n e s a n d y  l oam" so i l , and a too l t es t i ng 

a p p a r a t u s  ( l o c . c i t ) w a s  etn p l u y e d t o  o p e r a t e  t h e  chosen d i r e c t d r i l -l i ng 

t o o l s i n  t l t e � e  s o i l  b l o c k s . T h e  me t h o d  o f  p r e- d r i l l i n g t r ea tme n t anJ 

s to rage o f  t h es e b i ns u nd e r  r a i n  c a n Ll p i es a nd d r i l l i ng ( Ba k e r ) ( 6 7 )  w a s  

f o l l owed w i t h  on l y m i no r  v a r  L H  i u n s . T h e m e t h o d  o f  ex t r a c t i ng t h e s e  so i l 

b l ocks j s  s hown and summa r i s L·d  i n  p 1 a l e s ( 1 .  a , b , c ) . 

2 . 2 . 2  Cou J t e r  Ty p e s_:__ _ S e l ec_i: i o n_ 

The r e  a r e  a va r i e t y  o f  e f f e c U v e d i r ec t d r i l l i ng co u l t e r s ava i l ab l e  

( 6  7 )  
c o mme r c i a l l y  a nd e x p e r i r nen t i.l l l y . T h e s e  i n c l ud e co u l t e r  a s s �.::mb l i e s  

w i t h  ch i s e l s ,  d i s c s , s w e t· p s < t nd r o t il r y  s t r L p t i l l er s . I n  o r d e r  t o c om p a r e  

c o u l t e r  d es i g ns , wh i c h  p r o v i d ed c o tl t r a s t i ng a c t i o n s i n  t h e  s o i l s , t h e  

f o l l ow i ng p e r f o rma n c e  c r i t e r i a w e r e  a d o p ted w i t h  r es p e c t t o  t h e  g ro o v e s  

c r ea t ed . 



Plate l ( a) Tur f  block ex trac tion procedure ; 
connect ion of  t illage b i n  to tur f 
cut t er . 

Plate l (b )  Turf block ex trac tion procedure ;  
ini tiation o f  turf cu tter and bin travel 
into soil . 



P la t e . l ( c) Tur f b lock ex trac t ion procedure ; 
b i n  a t  f u l l  d ep th . 

t i l lage  
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( a ) M i n imUJn s h a t ter l ng a n J  a " V " o r  " U "  s h a p ed g r o o v e . 

( b )  A s ha t t e r ed " V "  o r  " U "  s h a p e d  g r uu v e \v i t h c o ns i d e r a b l e  l oo s e  s o i l  

a v a i l a b l e . 

( c ) S u b s u r f ac e  sha t t e r i ng o f  s o i I w i t h  m i n imum s ur f ac e d is turbanc e .  

W i th t h e s e b road c r i t e r i a  i n  m l t H I  i t  wa s c o n s i d e r ed that the 

f o l l ow i ng t h r e e  c o u J L L ! r  t y p L: s  p ru v i d t•d  s u i t a b l e  examples of the 

t y p e s  o f  grooves to be c o t n p <J r t! d . 

1 .  Tr i p l e D i s c  Cou l t e r  

T h e  t r  1 p l e  d i s c c o t t  I l l' t w a s  a c umm e r c lal l y  ava i l ab l e cou l t e r  

a s s emb l y * . l t  c o ns i s l l ' d  o l  a l i a r v e r t i ca l p re-d i s c  o f  2 5 0  mm 

d iame t e r  f o ] l owed b y  two I I i l l d i s c s  n n g l ed towards e a c h  o t h er a t  

B !J p r o x l rn a t e l y I 0 d e g r e L: s  i t H ' l t t d , • d  a n g  I e a nd t o u c h i ng n e a r t h e  bo t t om ( 6B) . 
T h e  g r u o v e  w a s  c r ea t ecl w i t h i.l c om p r·  · s s iv e ac t i o n a nd usua l l y  t h e r e  was 

0 ( 6 9 )  l i t t l e l o o s e  so i l  ava i l a l l l l ' i n  L i t e:  s e ed e n v l r o nm t! n t . A n  exatn r l e  

o f  t l t i s  c o u l L c r i s  s ho w n  i 1 1 p l d l l' ( 2d ) . 

2 .  Hoe Cuu 1 t e r  

The hoe c u u l t e r·  u s c·d \,/ i t S  :.J C Ol l ll l l c o t c i a ] l y av a i l a b l e  c o t t l t e r  a s :::; emlJ J y * . 

l t  c o ns i s t ed o f  a f ] a l  v e r t i c a l  l l r L o- c l i s c f o l l ow ed b y  a na r row " V "  

s h d p ed h o e  cou l t e r . T l t i s  g a v e  souw s h a t t e r i n g  e f f e c t ,  pa r t i c u J a r l y  

J n  d r i e r a nti f i rm so i l s ,  h u t t e nd e d  L n  p t t l l  u p  l um p s  o f  so i l  a nd 

t u r f , c r ea t 1 ng su i J  c r i l c lo ::;  J 1 L• a r  t h e r u\v o A n  exam p l e  o f  t h i s c o u l t e r  

i s  s hown i n  p l a t e ( 2b ) . 

3 .  C h i s e l C u u l t t! r  

T h e  c l d s e l  c a u l L e r  \vii S d l l  e X J h.: r  i m en ta l  c o u  1 t e r  a s s emb l y d ev e l o p e d  

a t  Ma s s ey U n i v e r s i t y ( 6 7 )  0 ' l i t i s  ' o o u l t L� r  a s s emb l y f ea t u r ed a f l a t  

v e r l i. c a l  p r e-d i s c o f  2 5 0  1 11111  d i ame t e r- w h i c h w a s  f o l l owed by a ho l l ow 

c h i s e l  c o u l t e r w i t h  s m a l l s l i g h t l y  i 1 w l i n ed s u b - s u r f a c e  w i ngs . Th 

w i n gs p rod t J C ed a s u b - s u r l i.J C L: S ] l i \ L t l ' r i ng e l  f ee l  e s p ec i a l J y  in  f r i a b l e 

and d r i e r s u l l s .  A t  t i l l' s u t  I i.l l o e  I e v l' l , how e v e r ,  t h e  g roove s J  i t  

r ema i n ed ma i n ] y c l o s ed w i t l 1 t t r l l l  i s  t u  r i led d e a d  t u r f . An ex amp l e o f  t h i s 

c o u l t e r  i s  s l to w l l  i n  p l u t c' ( 2 t 0 ) o 

* P & 0 D u t l<.:i.l i1 l . t d .  



P l a t e  2 ( a )  The o r i g inal pos i t io n  o f  d ep th control  P la t e .2 (b )  
whe e l s  i n  r e l a t ion to the coul te r  a s s emb l y  
( no te the dis tance ahead of  hoe coulter) 

The modi f i ed p o s i t io n  of the d ep th control  
wheel s  ( no te the c l o s en e s s  to  the ho e coul te�. 
This plate also illus trates the hoe coul ter assembly . 



P la t e  2 ( c )  Rea r  v i ew of the c h i s e l  c o u l t e r  assemb l y  
\v i lh t h •:  :nod i f ied P O " i t i o r , f  t he d e:: t r• co n t r o l 

P la t e  2 ( d )  Rear view o f  the tr iple d is c  as s embly 
wi th t h e  nod i f ied po s i tion of the depth 
r rP"' r r,"' 1 .,.,11"' - f"'l l c-
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L . 2 . 3 l u i L i a l  S o i I � l o i s l t t l' e Co n l e n l  

[ n i t i a l s o i l  mo i s l t t r e c o nd i U o n s  m a y  b e  ex p ec t ed t o  a f f ec t  t h e 

s u c c e s s  o r  f d i l u r e  o f  t h e  L' S L < l h l i s i l m e n t p h as e o f  c r o p s . B a k e r ( 6 7 )  

f o u nd t h a t a d L C' e c L J r i 1 1  i t l c o r po r a U n g a c h i. s e J  c o u l t e r g a v e  s i g n i f i ca n t l y  

s t t p e C' i o r s e e d l i ng eme: r g e t t c e  p e r f o rn ta tl c e  c ompa r e d  t o  a t r i p l e d i s c 

d r i l l i n  d t y s o i l s .  l i e  c o n r l t t d L' d  L h <-t t  n c o m ra r a l i v e i nc r ea s e  o f  

2 2 . 3 %  o f  i n i U a l  s o i l  mo i s t u r L: w ct s t l e c e s s o r y t o  i m p r o v e  s ee d l i ng 

em e r g e nCL' w l t en u s i ng <1 t r i p t l.:' d i s c c u t l i L e r  to t i l e  eq u i v a l e n t  o f  t h a t  

w h e n  u s i ng a c h i s e: J  l ' l l l t l l c: r . 

B a e ume r ( 2 )  c i t e d  Ka i l n l ( J g 7 () )  c t l s o o b s e r v i n g t ha t  d i r e c t d r i l l i ng 

w i t h t r i p l e d i ::; c: c o u l t e r s  J <1 i l e d \v i t L' I 1  u s ed i n  d r y s o i l s . S t i b b e  

a nd J\ r i e l  ( q 7 )  o n  t h e  o t l t e t  h a n d , t t S L:d cl t r i p l e d i s c  d ci l l i n  t h e i r  

L ' X p <-: t i m e n l s a nd o b s L· r v t·d < 1  d l' c r L · d o L' i n  y i eld o n  zero- t i l l a g e  f i e l d s 

c o m p a r ed w i t h c o n v e n l i <l n .J I c u J L i v .t t i u t t , w hen t h e  a nt l u d l r a i n f a l l  wa s 

5 0 0  rnm o r  l ti g l t e r . 'J l t t · y L l t u ug l l t L l t d  L t h e  u s e  o f  th e t r i p l e  d i s c c o u l t e r  

r e s u l t e d  i n  h i g h er c om p < t < ' L i t l ll i t l t i t L· roo t z u n e  w h e n  d r i ! J ed o n  s o U s  

a t  h i g l t e r  111u i s t u r e  c o n t e n t s .  ' i i l i ::. t ' J J I I I(1ac: t i o n  r e s u l t ed i n  s l ta 1 1 ow 

r < J u L i ng u f  t l t c· p l an t s  d t l l l  t l t L ' l e i < J r L ·  l i m i t ed t h e  av u i l a b i U ty o f  s u i ! 
( '3 ) 

l l lU i S t U r e  d l ld l l l l t l" i L' I1 l S  t < l  l i t L' p i  . t i l l S .  S O �l ! le tJ / cd . f r e q u e n t l y  

o b s e r v ed t l tL · , � t tea t · i ng L: t f t.� � · t  u t t  ) \ 1- l H > V L' �; l n  s l l t y l' ! ay l o a t n  s o i l s \J l t c n  

t r i p l e d i s l '  c o u l t e r s w e r e  w - ; t�d . 

A p a  1 t 1 r u 11 1  tl t l' r t: s t i i t s u I ( h 7 )  i l < � k v r  \v h i c h �v er e c o n d uc t e d  i n  

p a r t i a l l y  t ' u i l t r u l l ed ct t n h i t: n l  , . , J n d i l' i t J t t s , t l t e r e  a p p ea r s  t o  have b e e n  

f ew ,  L J  a n y , L' X p e r i m e t l t s  cn t l d t t < ' t L· d  L t > l' t 1 1ll f1 <l r e  co u l  t , r  d e s i g n s  i n  

e x t r eme s u i l  rno i s t u r L· t ' t l t td i t i o t t s . 

T h e  p t t r po s e  o f  t i J i ,, s t t t t l v  1va s  t • >  c u m p a r e  a s e l e c t ed C' a ng e  o t  

c o u l t e r  d e s i g ns L n  L wu L' X L L-l�llll: tnu i s l t t L- e  c o n d i t i o ns U 1 1J e r  c o n t ro l l e d 

a m b i e n t  ' n v i ro nl l len t s . Tl t L' t \.J t J  t l l t l i s t t t r e  r e g i me s  s e l ei' L ed w e r e : 

( a )  I l i gl t  i n i t i a l su i I t uu i s l t t l  L' < ' < l l t l < · t 1 l s  ( c l o s e  t o  L i e l d c a p a c i t y ) . 

( b )  Low i t t i l i a l  s o i l t l l t l i ::. l t t r L: t ' < > t t l: L' t l t s  ( c l o s e  tu p e nnn n e n t  w i l t i ng 

po i n l ) . 

Th e p u r po s e  u f e x p e l  i I I I L' l l l i ng d L t l t v  l ow e r  e n d  u f t h e  e r  i t i c a l  s o l  1 

mo i s t u r e n m g e  \v a s  t o  i t t V t.: s L i g d t e  t h e u s l.:! f u l t w s s  n f  d i r ec t  d r i l l i ng 

t e c h n i q u es i n  t l li:l r g i na l  s u i J  L ' < l l t d i t i o n s  a nd i n  d r i e r r eg i o n s . I t  w a s  

e x p e c t e d  L l td t  L l i e  r L•s t t l l s l l t t t s  u h t : t i n ed Wt l l t l d  l t e l p e x p l o i t  t i m e l i n e s s  
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f a c t o r s  f o r  b e t ter c r o p  es t ab l l s i J m e n t  i n  a d v e r s e  wea th e r  c o nd i t ions . 

'fh e p ur po s e  o f  s e l ec t i ng L l 1 e  h i g h e r l ev e l  o f  i n i t i a l so i l  mo i s ture 

con t en t  was t o  tes t t he u s e f u l ness  o f  t h e  coul t er d es i gns f o r  c rop 

e s tab l i s hmen t  i n  mn- ] i m i  t i ng mu i s t u r e  r eg imes , a nd thus to d e t ermine 

a ny adverse e f f e c t s  th a l t h e s e  c o u l t e r s  m i gh t have o n  o th e r  s o i l  

phy s i c a l co nd l t io ns . l l wa s c o n s hl e r e d  impor tan t to f o rmula te i n t er­

ac L i o n s  b e tween coul t " r  d e s i g J J S , s c o.:· d l i ng eme rg ence and s o i l  p hy s i c a l 

f a c t o rs i n  o r d e r  to  L es t t h e  a p p l i c a b j l i ty o f  a ny one sy s t em i n  areas 

of bo t h  h i gh a nd low p r ec i p l l a L i o n a nd h igh and low amb i en t  h um i d i ty 

cond i tlo ns . 

2 . 2 . 4 Amh l e n l  Cul l ll l l i u n s  

R e l a l i ve h um i J i L y , l em p e r a t t t J <c ,  r a d i a t i o n  a nd w l l ld v e l o c i t y  p l a y  

� d g n l f i c a n l  ro l es i n  d e l e rrn i n l ng s o i l  mo i s ture c o nd i U o ns ,  a nd conseq -
ue n t l y t h e  .: s t a h l l s h m e n t a n d  g rO\v t h  o f  f i eld c r o p s . Lemo n e t  u l . ( 7 0 )  

j n  t h e i r ::;o j l - p J a n t-a tmu s p l l e n= s t u d y  o f  evapo t r a ns p i ra t io n  o f  co r n  

c ro p s  f o u nd t h a r t h e  l a L L· n l  l l L·d l. l l t t x ,  a t  l 5C0 tempera t u r e  and Jm . s ec - 1 
) 

w i nd v el oc i l y , i nc r ea s ed lr u1 1 1  <l p p r u x l ma t e l y  348 W / m - to 4 8 8 . 3  W/ m·  

when amb i en l r e l a t i v e l i t J I I ! i d i l y  w u s  L I L' C r e a s ccl f rom 80% t o  20% . 

S i m i l ar l y a l  2 5C0 co n s l a n L L e m p v r a l t 1 r e  a nd Jru . s e c - 1 w i nd velo c i ty , 

the l a t e n t h ea t f l ux i n L' r ea s <:d f rom Lt l 8 . 5  W/ m ' Lo 6 9 7 . 6  W /m 2a s  amb i en t  

r e l a t i ve h um id i ty c h w l i!,l�d f ro m  l:lO% l u  2 0 % . T h t.'Y a l so ob s erv ed t h a t .� l 

h i gh e r  hwn l d J t y  l eve l s  l n c r ea s , •d e v < J j l l l r a t i o n  w1l t1 i nv e r s e l y propo r t i o na l 
to w i nd ve l H: i t y .  A p p < t t e n l l y  i l l l l i g l l , • r  amb i en t rel a t iv e  humid i t i es , 
the i ncrea�wd w i nd v e l u c j  t y  L e nd .: d  l l l r e -we t t h e  s o i l su r f ace by 

d e s u r p  t.1 o n  f ro m  the a i 1 t u  Ll 1 e  s o j l . l'h e s e  f i t  d ing s ha v e  a l s o  been 

S Llp p u r ted b y  o t h e r  wo r k t · t· s  w l 1 u  c o r re l . t t ed a mb i en t  t empera ture , rela t ive 

h um l d J Ly a n t.!  r n d l a t l u n  \v i t l 1 l l 1 v  r a l e  n f  :::1o j l  ::; J I J' fac e mo i s tu r e  eva por-
i ( 26 ,  7 1 )  

a t on 

The ra p i d s o i l ::; u r f d c e  d r y i ng phenomenon i n  h i gher evapo transp i r­

a t i o n  c o nd i t i o n s  m i g l 1 t b e  e x p e c t L! d t u  a f f e c t t h e  s eed p e r f o rmanc e . 

S o u n e ( 3 ) no t e d  t ha t  d i r e 1 · L d r i l i ed g ru o v e ::;  mad e  by t r i p l e d is c  

c o u l l er s ,  l e f t  o p en , c o 1 1 l d l eo d  L o  puu r g e rm i na t ion . O t h e r  au tho rs 

h d v e  repo r l t!d t i H t t d i r L'< ' l d 1· j  l i ed S L' I I g r o o v e s  pra t e  ted f r om rad i a tion 

b y  a mu l c h o l  p l an L l i S !::l l l L ! :-l  0 1  sud cc1 u J d  l ead to g r e a ter wa t e r  cens er-
. ( 7 2 )  v a l i o n a n d  h i. gh er y i e l d s j n  wa r m  d t� y c l 1 ma te . There  appea r s  to 

be v e ry l i L L l e  q uan l i l u L i v e d o l L ! a v a l J <:� b l e  r egard i ng L h e  s u i tab i l i ty  

o f  d i rec t d r i l l i ng s y ::; L et J JS  i n  v <n i o l l s c l i ma U c  condi t i ons . I t  was  one  
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u f  L l l e  p u r p t) S es o f  L l l i s  s l 1 td y  t h e r e f- o r e , to i n v e s t i ga t e  t h e  e f f ec t s  

o t  t w o  amb i e n t re l a t i v e  h t tm i u i t y l e v e l s  o n  so i l / J i r e c t d r i l l  coul t e r  

d e s i g n i n t e r a c t i o n s  a mi s el:! d  g e rn l i t t a t io n  a nd s eed l i ng em ergenc e . 

Th e Lwo r e l a t i v e h t t m i d i t y c u nd i L i u n s  c:ho s en wer e h i g h  r . h .  ( HRH R e g i m e ) 
9 5% a n d l ow r . h .  ( 1 . 1{1-l Rl:'g i m e)  6 0 /�  �v i l h c on t r o l l ed tem p e r a t u r e  

a n d  r a d ia U o n  C • > nd i t i u n s . 

2 . 2 . 5  S e e d - S o i l  Cu t t l a c l a n d Cuv L' r  

S eed- so i l  c o n l d c t i s  i m po r t a n t  f o r so i l  mo i s t u r e  t r a n s f e r t u  

t l t e  ::; eed s . Low mo i s l u l l:' t · o n cl i t l o n s  a nd smi.l l J e r  s e e d - so i -l c o n t a c t 

cJ r e a s r L�d u · e  L i t e  r a t e  o f  \va l e r u p t r l k v  u y  t h e  s ec'd s  and t h u s  c a u s e  

d e l a y ed gl! rnd na t i o n  a s  l o t l g  i l S  L l l • ' L· x t e r i U J po t e n t i a l  l s  h ig h e r  t h a n  

I I I _ I I _ ( 6 ,  ll ,  1 3 , l 'J ) l i e c r i l i C d V d  l l e  t o t· L" i l ! " t S L" L' l  S [ l l ' t ' l t>:-o 

P r u j e c l i n g L h t:!s e t i 1 J d i ngs t t �  I l t > l d  c o nd i t i o ns i t  i s  imp o r t a n t  

L l 1a t s ee d l> L�d s ::; l lu u J d  h �:c p r l! l l d r v d  s • >  iJ s l' n  L! I I S l l r e  h i g l 1  rd t e s  o f  su i I 

Jno l s l u r e  t' u n d J t c t i v i l y  d 1 1d l a r g . ·  s e L'd - so i l w a t e r c o n t a c t u r c a s , w l t i l e  

a t  l l l e  !:> < I II I L "  t i me av o i d i n�·. t h e c r e c� L i u n o f  a d v e r s e c o nd i t i o ns f o r  r ad i c l e  

p e n e t r d t l u n iJ t l d  s o i l  d e r ; t t i o n . ' l l l l '  �; i g n j f i c a n c e  u t  p r e- s to  w h e e l s  a nd 
] 1 . . ( 28 ' J4 ) 

l t a r t-uvJ S  h a s  l o ng b e e n  i i p p rt · t · i a l L 'd i 1 1 < ' L > l l v e n t i o na c u  L t va t 1 o n . 

. 1 1  J I I ( 7 J ) I ' I '  . I . I 0 4 )  I I l 1-1 . 1 a r  e .  tl t . iJ J i l r 1 p 1 l t , r . / ' . u ti L'l p r e s s  w 1ee s · u r  

f i r m i ng c n t. 1 1  s ee d b e d s  i 1 1 t l l L • i r 1 1u L i l l t' X fl l' r i n l t � l l t s . Ll l l a rd t:: l . 1 1 .  ( l o c . 

c -L t )  u s ed L w u  p r e s s  w i 1 L· v  I �; . t J H I  < t  S l! t ' d  , · u v e r e t . One f l i' L s s  w h e e l w a s  

I n  l l n1 1  t i H '  l ' O I I l s (• • d ., i 1 1 l n  t i l l '  s o i l  a nd ; J  t: n V P J I? r  l t > • • Hn p l t� t e l y  c l o s �;; 

t h e g ruov t·  s l i t  c r Lc i l l t • d  h y  l i l t '  < ' l l t t l l < · t  til l a s  L 1 1  !:! l l l l t i l ld L L' t h e  d l r  

po c l e t s i n  L h t> v i c i n i t y  o l  1 1 1 �  S l' (·d s .  1\ s <-> c o l ld p r e s s  w l t ee l was u s ed 

to f i rm th e so i l  t) V L� J  t l 1 v  s L· v d  n nv . 

w l t l <' h  a p f > < J r e n Ll y d i d t t o l  g i v l' s . J l i h l a c t o ry r e s u l t s  i n  t h e  e x p e r i me 1 1 t s  

o f  K a h n t .  I n  c x p e r i Jne J t l t:> u l  lL i k c• t n ld J I , l , t l . ( l <J b H ) , t h l! t r i p l e  d i s c 

c o u l L e r  w u s  1110d i f i ed l u  i J I C < l r p u t· .J t l! d s n c l - m u l c h e r  a nd p r es s  wh ee l s  a u J  

t h i s  g a v e  p l a n t J en s i l i l:' ::>  t: u l l l f l i l r a h l L· to L t l l l V l· n t i o na J d r.- l l J i n g  m e t h od s . 

Th e mo d i f i ed co u l t e r , ! J t lw v v e t ,  d i d I J • • I  g i v e  � ; < � t i s f a c t o ry r e s u l t s o n  

so .i J s w i L I J  t l t i l' k  l a y L ' l s < > l  s t r a w  u n  L l l e  S t l r f a < · e  ( loc - t i t ) .  B a k e r ( 6 7 ) 
Ll t:l t>d a b Li r  l w r r ow l f l ili i L, t l l i l t l l s l i u r l  I P n g t h s  o r  r n l ] wd y  i r o n . H e  

f o u nd t l t a l c o v e r i ng L i l t-- s L· L! d s  w i t h l t J t l !: H' s n 1 l  a nd d l• b r J s us J ng a 

b a r  h a r row l nuned i a t e l y  cJ f t e r  d i t- e l · t d r i l J j ng s ee d s  w j t h  a hoe c o u l t e r  

g ave a s i g n i f l c a n t ] y  I I i g l t e r  i n i t i a l s eed l i n g  e m e r g e n c e  c ompa r ed w i th 
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I l l) - ha r r o w eJ p J  o t s . Th i s w a s  Jlll l r L· J l r o nounced i n  d r y s o i l s compa red 

w i t h mo r e  u tu i s t  so j ] s o  l it;  nu L ic t:d i n  s 1 1b s l' q u e n t e x p e r i me n t s , how ever , 

t ha l  i n i t i a l i m p ro v em e 1 t L i 1 1 s t.:: L ·J l i n g L·mergence due lo h a r h a r r ow i ng 

b e h i n d the h o e  c o u l t e r  c o 1 I I u  h e  r "' v e r s ed b ec a u s e  o f  s u o- s u r f a c e  mo r ta J i t y 

u l  s ee d l i ng s i n  co n t i u u L·d d t· y  s n i J s o  

Th ese s ee d s  were d p p . l t· v n t l y a l > l e  to  a h tw r h to nough scd l mo i s t t 1 r e 

Lo i mb i b e a n d  g e r m i na L t.' i i :->  L i t e S l' l ' d ·- l' I l V  i r u n m e n  L \v d S  r ro t e c  ted f o t  a 

s l H > r L t i m e  f rom t h e  r a p i d  d r y i n g t• l f e l· t u t  L h e <unb i en t  c o nd i L i ons o 
( 69 )  

Th i s  I o o s e s o i l - s e e d  "' n v  i l · u l llll l:! I l l w i l i t i t: s  a i r ro c k e t s  howev e r , 

w w s  p r o b a b l y  no t ab l e  t < J < ' O I HI I I L' l t i l L' I L' lJ U i r e d  so i l  mo i s ture to t h e  

i l  · I ' ]  · I J l' a k � r ( 6 7 )  I llJ L a b l e  Lo b t: et L t i g S  as l le s o ·! t' U tl l l ! I LI L'l  ltl  l )' .  J � W i.J :;,  

C] U i.l n L i l y L l 1 L: "' f f e c t s  < l l  s o.: v d - s Ll i l c o t l l i 1 C t  and c o v e r a g e  u n  the s eed l i ng 

t:rn e r g c: n c e o H e  d id huWt.' V l ' I  L· s t <J I J I i s l 1  a s u h j l ' c l i v e  g r ad i ng u f  C O V L' r  

<.l <' cord i n � L u  i L s  a p p e a r· a l lt ' l' i t n d  L h l: q uc1 J i t y o J  mu l c h , and Lh i s  W d ::,  

s ! Juwn t o  c o r r e l a t e s l r o ng l y  w i t h s L· v c i J i n g emergenc e .  

' '  • V L, r ..: r s  l 1 dV L' IJ L' V i l  I J :-o l 'd i t l  tl i 1 L' l '  L t l  1 i I I i ng L o  i m p ro v e  u J lO i l  L i l �  

J l l' r l u i i l ld J W <.:  o l  s v e J s  w i l l J t > u l l i l t.: i r  l ' l " l " > t W i l t S f u l l y  ll t l d e r ::; L i.l n d i i l ).'. t i i e i t  

f t l l1 L�  t j i l i b  o ' l ' l t v l • ·  d u v s  I l ll l S L' c lll l < J l i i i V L' h e l ' I J  d t l y  t ' t l l l l p r e i l c l l S i V l' d l l L·m p L  

L u  fu nnu L J t c  q t t i.l l l l i L n t i v e r ..: L t L i l l t 1 0  ] , , · l w ..:et t L i t t: i:l t l lO t t n L  o f  s e e d - s u i l  

d r n l l i e n l  C t H H I i l i , , u ::; . 

d r f l i ed s "' t • t l s .  

�-;u i l c o n l d t' l on so i l  tun i s t l t t l' d i l f u s i < l l1 a uu a b so r p t i o n  by L i t e  g e nn i 1 1 -

i.i l i  ng s e e d s  m 1 J  S l! l!d I i 1 tg s  0 

F i v e e tJ il l h i i ld L i D IJ �-; " ' · · u v  ... .:l " i n g , l i H I  p r L' s s i n g L h e  s ee d s  a f· u:! r 

J rj J J i ng w e r e  t l! !-; t ed 0 

( a )  N o  p r es s u r e h u L  h < � r l t u r r < lW i i lg  < l f l L' r  d r l l L i ng t h e  s ved s o  

( b) li a r  h a r row i ng a l· L L' l' t l l' i I J  i t l g  ! l t L' s ee d s f o l l owed b y  p r e s s i ng u v l:! r  

l i t e  t o p  u f  L ilL ' g ro n V L' S  d t  il p r L• s s t n e l n t e n s i t y  o f  i.! J1 p rox l ma t e l y  

J S  k l'e t . 
( c )  As i n  ( IJ )  b 1 1 L  p r t.: s s i r t g  il l d J l J l t < JX i i J J.t l v l y  7 0  k P a o 

( d )  P r es s i ng L l l c! S l' L' t l s  d i r l' c : L l y  i n t < l t h e  g r n u v e  b a s �.o  i nuned i a L t.:! l y a f L e r  

d r i l l i n g l n 1 L l l l' l t , r v ! J < J t "  l t d r l· " "' i i l g I I S i i tg Cl p r e s S t l l l' < J L J S  k Pa o 

( .... ) t\ s l n ( d )  I 1 1 1  l \v i L l  1 ; 1 J l  r �.;::> s u 1  L' o f  l ( )  k P a . 
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2 . 2 . 6  Des ign Parame ters  o f  Pre s s ing D ev i ces 

Two types of  pres s i n g  d ev i c e  w e r e  des igned t o  work i n  conjunc t ion 

w i th each coul ter type . Th e i r  func t ions , on the one hand were to a p p l y  

p r e s s ur e  o v e r  t h e  to p o f  t h e  groov e a f ter bar har rowing ; and on t h e  

o th er h a n d  t o  d irec t l y  press the s eed s i n to the s o i l  a f t er passage 

of the coul ter but b e fore bar harrow ing . A t o t a l  o f  6 p r e s s ing d evices 

and as s emb l i es were d e s igned and f a b r i ca t ed . 

TYPE I :  ( To press o n  top  o f  the " covered " groove s )  

T h e  wid ths o f  t h e  w i d es t por tions o f  t h e  c h i s el , ho e ,  and t r i p l e  

d i s c  cou l ters  was d e termi ned . These meas uremen ts wer e  approxima t e l y  

38 mm , 28 mm , a nd 2 5  m m  res pec t ively . T h e  d e s i gns o f  the t h r e e  almo s t  

f la t  p r e s s  whee ls thus had w id ths correspondi ng to thes e phys ical 

d imens ions . A l though th es e d imens i ons were arb J trar i ly chosen , in 

the ab s ence of any o th e r  f o rm of g u i d e l ines , i t  s eemed r ea sonab l e  to 

press upon the max imum wid th of the d i s  tur.bed so i l  ( even if t h e  

d i s turb ance was sub-sur f ac e )  and to a v o i d  con tac t o f  t h e  press wheel s  

w i th th e und i s turb ed s h o u l d e r s  along s i d e  t h e  g rooves . 

An eq ua tion d ev e l o p ed by Reece ( pe r s . comm . )  to d e t ermine the load i ng 

capac i ty o f  p neuma t i c  tyres was u s ed Lo d e t ermine the app roxima te 

foo tpr i n t  at eas and p reHsures o f  each whee l . 

Accord i ng to Reece ( loc . c i t . )  the wheel c o n tac t area w i th the 

soil  was eq u ival e n t  to : 

where d 

and b 

A =  d 0 . 56 .  b
l

.
5 3  

Ou ter d i am e t e r  o f  whe e l  

W i d th o f  t h e  wheel 

Th is equa t i o n  apparen t l y gave a good approxima tion o f  the load requi re­

men t s  for g iven p r e s s ure i n L ens i t i es for wheels and was fel t to b e  

a t  l ea s t  a us e f u l  gu i d e  for  so .l i d  r u b b  • r  ty red whee l s . A s  the a c tual 

p tt! S S u r e  l evel s cho s en were to b e  a rb i t. r ary , any ab solu te error was 

f e l t Lo be o f  l i t t] e  cons eq uen c e , ami L h e  r e l a t J v i. ty b e tween t h e  three 

wou ld be una f fec ted . 
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The 200 mm d i ame t e r w h e el s we r e f a b r i c a r. ed f rom m;i.ld s te e l , Sol i d  

rub b er ty r e s  o f  6 . 25 mm t h i c k ne s s ,  a n d w i J t h  c o r r e s ponding t o  the whee l s  

w e r e  g l u e d  to the  wh ee l s w i th epoxy r es i n . The r ubber on t h e  edges 

was grou nd to g iv e  the e d g es o E the w h ee l s a s l i gh t rounded appearance . 

The three types o f  wh ee l s f o r  the c h i s el , ho e ,  and t r i p l e  d i s c  

coul ters  a r e  s hown i n  p l a t e s  ( 3a ,  4 a , S a )  r es p ec t i v e ly . 

Load r eq u i r emen t s  were d e t e rm i n ed f rom t h e  f o l low i ng d a ta : 

( 1 )  �1 e e l for t he ch i s e l  coul ter ; 

d 200 mm 

b 3 8  llUTl 

d . . 35 
0 . 5 6 1 . 5 3  

L o a  1 ng requ .tremen t a t k P a  =- P .  d .  b 

9 . 7 7 5 kg ax l e  l o ad i ng 

( wh ere P gro und p res su r e i n  kPa ) . 

Load ing r eq u i r emen t a t  7 0  kPa 

( 2 ) �1 eel  for  the  hoe c o u l t e r 

d 200 mm 

b 2 8  rnm 

Loa d ing r eq u i remen t a t  3 5  kPa 

Load i n g  r e q u i r emen t a t  70 kPa 

( 3)  Wheel for t r ip l e  d i s c c o u L t e r  

d 200 mm 

b 2 5  mm 

Load i ng r eq u ir emen t a t  3 5  kPa 

Load i ng r eq ui reme n l  a t  70 kPa 

TYPE I I :  

1 9 . 5 5 kg a x l e  l o ad i ng .  

p 
. d

0 . 5 6  . 
b

1 . 5 3 

6 . 0B kg axl e loading 

1 2 . 1 6 kg ax l e  l oad i ng 

4 . 34 5  kg ax l e l oad i ng 

8 . 6 9  kg ax l e  load i ng 

Th e p urpo s e  o f  the  s ec o nd t y p e  o f  p r e s s  d ev i c e s  was to apply 

pressure d ir ec t l y  over t he s eed b e f o r e  b a r  h arrow ing . 

( 1 ) P r e s s  d e v i c e  fo r c l t i s e J  co u l t e r : 

Th e phy s i c al s hape o f  t h e  g r o o v e  c rea t ed by c h i s e l  coul ter  was  

s uch tha t a ny mechani s m  a p p l y i ng pres s ur e  d i r ec tly over t h e  s eed had 

t o  crea te minimum so i l d j s t u r b a n c e  ove r the top o f  th e s eed in o rd e r  

t o  p r e s e rv e  the  c h a r a c t e r i s t i c  " u nd i s turbed" mulch cover . T h i s  

r e q u i r emen t p r e c l ud ed t h e  u s e  o f  a wh e e l . Ins t ead , f o r  t h i s  coul ter , 



P late 3 ( a)  The press wheel assemb ly for 

the chisel coul t er ; for applying 
pressure over the covered s eeds 
af ter b ar harrowing 

P late 3 ( b )  The p r e s s  skid f o r  the chis e l  

coul t er to d ir ec tly p r e s s  the 
s eeds into the groove base b e fore 
b ar harrowing 

Plat e 4 ( a) The press wheel assembl 

for the ho e coul ter to 
apply pressure over 
covered s eeds af ter b ar 
harrowing 



Plate 4 ( b )  The p r e s s  wheel a s s embly for P l a t e  
t h e  h o e  coul t er t o  d ir ec tly p r e s s  
t h e  s eed i n t o  t h e  groove b a s e  b efore 
b ar harrow i ng 

S ( a )  The press wheel as s embly 
for the t r iple d is c  coul ter to 
apply pressure over covered seed s 
af ter b ar harrow i ng 

P l a t e  S ( b )  The press wheel a s s embly 
for the t r iple d i s c  coul t er to 
direc t ly press the seed into � �he 
groove b a s e  b efore bar harrow i ng 
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a p r es s  skid mechanism was d e s i gned . Th i s  cons i s ted o f  a s l ig h t l y  

c urved ho r i zo n ta l  s te e l  p l a t e w i th an e f f ec tive con ta c t  area of 2 5  mm x 

2 5  mm and a t h i n  ve r t i c a l  u p r i gh t  b eam welded to the p l a t e  whi ch 

p ro truded through the t o p  o f  t h e  groove . Th i s  b eam was p ivo tal l y  

a t tached to t h e  rear o f  t h e  coul ter . The press assembl y  proved t o  

b e  e f f ec t iv e  i n  p r es s i n g  t h e  s eed and app ea r ed to have m i n imal e f f ec t  

on th e phys i cal shape o f  the g roov e . The press  d ev i c e  i s  s hown i n  

p la te ( Jb ) . 

Calcul a t i o n  o f  load i ng r eq u i remen t ;  

E f f e c t i v e  c o n t ac t area 

Fo r 3 5 kPa p r es su r e  

Load = p A where A c o n tac t  area i n  mm2 

and p pres s ure i n  kPa 

Load 3 5  kPa 6 2 5 mm2 

2 . 2 3 k g  

For 70 kPa p re s s u re ; 

Load = 4 . 4 6 kg . 

( 2 ) P r e s s  wheel for ho e co u l t e r :  

The "V"  shaped hoe c o u l t e r  groove had a c ro s s  sec t i o n  whi ch was 

app rox ima tely 10 mm wide a t  the b a s e  of th e g roove . A t y r ed narrow 

presswh e e l  w i th a bas e w i d t h o f  1 0  nm1 was d e s igned a nd f a b r i c a ted o u t  

o f  t imb er . Th e taper w a s  s uc h tha t t h l!  wheel did no t c o n Lac t t h e  g roove 

s i de w al l s . Thi s  wheel was p u l J ed over the s eed immed i a tely a f ter 

the p as s ag e  of t h e  c o u l t e r . The p r e s sw h eel is shown i n  p l a te ( 4 b ) . 

Load r eq u iremen t for 3 5  kPa p r e s s u r e :  

d 200 mm 

b 1 0  mm 

Load 
p . 

d
0 . 5 6 b l . S J -- l . 2 6 5  k g  l 1 d '  ax e oa 1 ng 

Lo ad req u i remen t f o r  7 0  k P H  p r e s s u re = 2 . 5 3 ax l e  l oa d i ng . 

( 3 ) Presswh eel for t r� p l e  d i s c  · o u L ter : 

As w j th the hoe coul t l! r , t h e  "V" s haped groove c rea t ed b y  t r i p l e  

d i s c  l e f t  a nar row s l i t a l  t l l e  b o t tom u f  t h e  groove o f  a p p rox ima tely 5 mm 

wid th . A n;t r row t a p e r e d  p r e s sw h e e l w j  th 5 mm base d imens i o n  was 

d e s i gned and f a b r ica ted o u L  u l  L l tub e r .  The p resswh e e l  i s  shown i n  

p l a te ( 5b ) . 



Load r- eq u i remen t f o r  J S  kPa p r e s s u r- e 
p .  d . 

0 .  56 
b . 

1 .  5 3  

0 . 4 4 7  k g  axle load i ng 

Load r- eq u i rem en t f· u r  7 0  kPa pres s u re , load = 0 ; 89 5  kg axl e 

load i ng . 

30 . 

2 . 2 .  7 Des ign o f  p e n e t rotHe l e r  a nd meas uremen t o f  s o i l  mechan i cal 

re s i s t a n c e  

Pene trometers  I H I V L' t r eq u e n t l y b e e n  u s ed t o  e v a l ua te s o i l  compa c tion  

l L d . ( 4 0 ' 3 l ' 3 2 ' 7 l  ' 7 5 ) ) 
1'h 

. 1 . o r  so ens 1 ty . · e p en e t r- u m e t r 1 c  eva u a t1o n 

h a s  b e e n  a u s e f u l t u o l t u  c o r- r e l u t e roo t pene tra t ion and s e ed l ing 

emer gence w i th soi l p l 1 y s .i c n J L' O nd i t i o ns . P ro b l ems have ar i s e n  

howeve r ,  w h e n  a t t e m p t s  w e r l' l ll a d e tu fo r-mu l a t e a b so l u te va l ues h e c au s e 

o f  s o i l h e t e rogen i t y , s o n  mo i s l t l l' £ '  con t en t ,  and t h e  s h a p e  and s i ze 

o f  t h e  p r o b e s  u s ed , j n  r e J C:J l i o n Lu t h e m u l t i d i re c t io nal expans ion 

o f  th e g row i ng roo t t i p s .  

( J  l )  
Ho r ton and B u c h e l <.�  d e s i g n ed a s o i l penetrome ter t o  s imu ] a te 

the roo t a c t i v i ty of a c  t t liLl p l a n t s eed l j  ngs . They us ed th es e 

p e n e t rome t e r s w i t h  v � r t  L c a l  duwnward mo v emen t .  Ho s t  o f  the s e  s t ud i es 

w e r e  cond t t c t ed i n  a r l i fi c i cl l l y  c om p <.1 c led soi l o r  conven t i o na l s eedb e d s . 

I n  d irec l d c i t l ed g r ! J o v e s  d raw t l  b y  d i f f er en t c ou l t e r  ty p es , the d egree 
( 6 7 )  . o f  so i l  c ov er over t l t e  s eed w a s  n: .' J H l r  t e d  · L o  vary f r om neg] i g 1 b l e  w i th 

t he t r i p l e d i s c  c o u l l t• t  tu comp l e t 0  " u nd i s t u l h e d "  mulch  cover w i th 

th e ch i s e l co u l t e r . �1u r to n  o. B t t t i i e l l! ( J l ) <. o ns l d e r ed tha t w h e r e  

p e n e t rom c • t e r d e s f g m; lt hnwed g o n d  c o r n• l a t i o n e  wi t h r ou t grow t h  s t ud i es , 
the dev i c e w a s  mo r e  a p t l y L e rm t:d i.l " me c h a n i c a l  s e ed l i 1 1 g " . 

OBJ ECTIVES : 

I t  was cons i d e r ed L o  h e  i m po r ta n t  to i nv es t i ga t e  t h e  r e l a t i o n s h i ps 

b e tw een t h e r a t e  a n d  1w r c e n t a g e  o f  s eed l i ng emergenc e ,  and t h e  so i l  

ph y s i c a l  and mech a n J c i l l p r o p e c U e s ov e r ly ing the s eed . Th is w a s  i n  

o rd e r  to o b t a i n a n  j n d e x  o f  s o  i I · o v e r  and soil  s t r en g  Lh  over the  t o p  

o f  t h e  g r o o ve . 

The s p e  I t i. · o b j  ec l i v e s  W L! r t.:  a s  f n  I t ows : 
( a )  To · xam J n e  t l t l!  s u i 1 s L r L: I I g l l t  1 1 v e r  t i l e  top o f  t h e  s eed , as a 

f u nc t i o n  o f  · o u l L L' r  ty p L: s  Cl l t d  cov e r i ng t echni q ue s . 

( b )  To i nv e s t i ga t e Li t e  J o n� e  r eq u i r ed a nd e nergy expanded by the  

emer g i ng s ee d l i n gs . 

( c )  To t es t t h e  e f l ec t s  o f  L i t e  p r e s s u r e  a p p l i c a tion t r ea tmen t s  o n  
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::; o l l d e n s i t y < t n J  L i 1 c i t i l l l L' l " iH ' t i u n ::; w j t l i  s e e d l i ng enll! cgence . 

( d )  To d e t e nn l ne t h e  L· l f L� c L s  u l  c 1 1nb l e n t  c l i ma t e  on s o il  d ry ing c a t e s , 

a nd i n  L u c n  Ll 1 e  j n f v l r e l u t i < J n ::; l l i p s w i th s o i l s t r eng th ct nd 

s ee d ! i ng e m e r g e n c l:' . 

Tu ach i e v e  t l 1 e  o h  j c < · t j VL ·s  U t i L I i 1 1 ed a b o v e  L h e  p ene t rome t e r  had t h e  

f o l low i ng p e r f o nn a n c e  S Jk c j I i r : < l  L i u n s : 

( l ) Th e p e n t: t r u m "' t e r  h d d  to b e  J e �, i g n e d  t u  a p p r o x i ma te t h e  d i am e t e r  

o f  t h e  s e v d ] i ngs . 

( 2 ) T h e  pene t r ome t t:- 1  lllu v �.:niL� r i L  h <J d  L < J  he d i rec ted u p\va r d s  f rom t h e  

s eed z o n e  ra t h e c  L l i d l l d t l\� 1 1\vi.l u l s  I r o m  t h e  s u r f a c v . 

( J ) Th e p c nc t r o m e t c r  l l lu V L·nre r l l i l < � d  t u  b L� v e r y  s l ow to s i mula t e ,  u s  

near l y  a s  po s s l b 1 e , s c: e J l i 1 1 g  g r o1v l h .  

( L1 )  A l a r g e  numb e r  u t  r Lcd d i n g s  h a d  to b e  ta ken to m i n i m i z e  t h e  e r r u r  

f a C LO I' S  i. ! ! h c r e n l  i 1 1 f H::! l1 c l r UI I l V t e r  S L l ld i c; s .  

Th e p ..: n e t ro m e t e r  LI L!:i i g n a n d u p v r CJ t i on may be d i v i d ed i n to f o 1 1 r  

s ec t1 o ns : 

( I ) S o i  1 h 1 o c k  p r e p a  1 u L i u n  

( 1 1 )  Pen e trome t e r  p r o l i v  ( u r  I I I L ' t' l i i.l r J i c a l  s eed l i ng ) d t.• s i g n 

( I l l ) P e n e l rome l e r  d 1  i v e lll l ' l ' l l < � n i snl  and  a s s emb l y  

( lV )  Pene t rome t e r  a l  i g r mH.: n t i l s ::; emh l y .  

( I )  S o i l  b l ock prepa � � L 0n 

Hol es o f  6 . 2 5 mm d i <ln1e i L' I- w e n: !  d r i l l ed th rough t h e  ba s e  p l a te 

o f  t h e  s t ee l b ins h e  f u r �.:  s o i l  h l o c k s  w e r e  e x t r a c  Led . S i x teen 

eq u i-d i s  t a n  L h o l es w e r e  c l r l I l r.:d < � 1 o n g  eac h o f  t h e  th r e e  an t i c i pa ted 

d r n l row p o s i t io n s  j n  t i l e  h i 1 1 s . 

( 1 1 ) Pent L rorne t e r  p t u l l �  ( � �  � ���w n i , · � l  _s eed l i ng) d e s ign 

W h ea t s e e d l L ng d i ct l llt.: L L' r s  m e .J s t l r v d  i n  a p i l o t  expe r imen t  a v e r a ged 

1 . 1  mm . T i r e  " u1 e c l w n i c i.l l  ::; , •ed l i n g "  w a s  d e s i g ned to a p p ro x i ma te t h e  

d i ctme L e c  o f  t h e s e  w h t ·d t s eed ! i ng s . ' J h e  " rn e c l ! a n i l' H l  s eed ] j ng s "  

c o n s i s ted o f  Lwo l e n g t h s  , , r  r u d ::; w l · l d <:'d t n g e t l 1 e r  t o  ma k e  a to t a l  l en g t h  
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u f  300 mm . Tl t t� u p p e r p< � r t  w < � s u l  I .  I mm d L :lme ter and 1 00 mm l o ng 

a n d  was f .q s } d oned f r u t 1 1  d 1 1 1 i l d  ::; l e � !  w v l d i ng r o d . T h e  head was taper ed 

tu a n  expand ed c u n e  w i t l 1  ::! mn1 d i a m ._;  1 e r  b a s e  gr o u n d a t  a 30° ang l e  
t o  t h e  t i p .  ' l ' ! t e  p t l r p u s t ·  u l  t h e  s J  i g h t l y l a r g e r  d i am e t e r  o f  t h e  co ne 

w a s  to red t t t · e  t il l:' su i l / 1 1 1 v t a l t- r i , · t i u n  L� n cu t t n t e r ed by t h e  s tem o f  

the " m e c h a n i c a l  s eed l i n g " . i\ 2 0 0 1111 1 1  l , > ng b rn s s  r o d  o f  3 mm d i am e t e r  

w a s  w e l d ed l u  t h e  l ow e t- v l lJ o l  t h e  " nt t ' l' h a n i c a J  s e e d ! L ng " . The 

p u r po s e  u t  t h i s l a r g e t  c l  i a l l t L· L ._; r  l > a r  ,o , l s  to i n  r e<J S !:'  t l t e  t- l g i d i ty a n d  

c u1n p r e s s i v e  s t r e n g l l t  t > l l1 1 l' w l l l > l e  s l n t c: L u n· .  The "me c h a n i ca l  s e ed l i ng "  

i s  shown i 1 1 P l d t e  ( 6 a ) . 

O n e  < > f t h e mo r e  no l eWt > r t h y i ld V i t t t l c.t g e s  o f  L l 1 e t i l J c.t g e b i n  t e ::; t 

r l g  u s ed was tha t j t  p t e s e l l L L:d d t l  ' l t· V < l l t· d  p l a t fo rm J r um b enea t h  w h i c l t  

t h e " mec ha n i c a l s eed l i n g" ct> t t l d  h l' i 1 1 s e r t ed i n to t h e  s o i l b l o c k s . 

The d r i v e mech a n i sm a 1 1 d d s s e m l > l y ,  t l l t ' t e f o r e , had t o  b e  e <.� p ab ] e o t  

b e i ng mano euv r ed w i l 1 l i t 1 t i l t: v e t t_ [ , · d l h e i gh t u f  0 . 6 m b e t w e e n  t h e  f l o o r  
a n d  t l t e  u nd e rs l d e ll f t i l L' b u i I b i t l s . l ' l t e  d r ive mecha n i sm ' O n s i s t ed o f  

a n  i ns t a n t l v c u nn e c t i r l )!, l ' I L' , · t t· i , · t l lt J ! t t t· o l  0 . 1 1) ') k\� . Th i s  mo to r 

ro t a ted a th r e a d ed s ii..J! t <r l il l m.J s pe t.'d  g i v i ng a l i n ea r aJva nc emL: n L  o l-

20 mm per m i nu t e .  Tl t e  L h n. ! a d e d  s l w f l  w a s  s u p p o r t e d  ver t i cally  b y  a n  

a d j u s ta b le t r i po d . 'J ' I 1 "  t l t n:ad t>d s ha f t w a s  a t tn c h ed to  a p r o v i ng r i ng 

b y  a t h r us t b r a c k e t .  A t  t i l e  t u p nJ 1 > f  t h e p nJ v i ng r i ng a no t h e r  

t 1 1 u s t b n.J I ' k e t  f r e e l y l t , · J d L l 1 e  " lnt' l ' l t <l l t i cn l  s ee d l i n g " . T h e  p rov i ng 

r i ng h e l d  a l l  l n d t t c t i v e  d i s p l a c e1 1 1e n t  t t· a n s d t r c e r  a c ro ::, s  j ts d iame t e r . Th • 

"mec h a n i c a l  s e  cl I I n g "  l ' d l l s L'd CJ d e l  l e t· L i u 1 1  i n  t h e  pro v J  ng r i ng a nd 

i nd u c t i ng tra n s d u c e r ,  r L· S t l l t i n g i 1 1 L· l ec t r i ca l s i gnaJ s w h i c h w e r e  

amp l i f i ed and r e c o rd e d  d i rt' l' L i y  • > r t  a l ' h c� r r  r e corde r . T h e  p e n e t r ume t e r  

d r i v e mecha n i s m and a s s v1 1 1b I y i s  s l 1 t l W i l  i n  p l a  L e  ( 6 b )  • 

An e l  ·c t ro-ma g nt: L i c l l l l ' l ' h CJ r l i s l l l  ( p l i i t v  b b )  was d e :: d g n e d  t o  ho l d  a nd 

a l i gn t h e  mec h a t 1 i c a l s e d l i ng i n  iJ v e r t i t: a l po s j t i o n  benE:<.J th t h e  !J j n  

and a t  t h e L o p  o f  t i l L· p r-u v i ng r i n g . Th i s  e l l! C t r o-magne t i c  m e c l r a n i s m  

p e r m j t t ed q u i ck a n d  e<J s y  a J i g t l lne n t a t  eac h o f  t he ho l e  s i t es , anJ f r om 

.. m aw kwa r d  pus i U o r t  r u r  t l t t:'  l l j l L' I- il t " r  l y i n g o n  h i s  b ac k . 
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P l a t e  6 ( a) Right : The "mechanical seed l ing"penetromet er to Plate 6 (b )  
measur e soil imped enc e above the s eed . Lef t :  A 
4 mm d iame t er rod t o  press holes through the s o il 
b lock f rom b eneath t o  the s eed l evel before 
seed l in g'' .  

The "Hechanical s eedl ing " penetromet er d r ive 
mechani sms , al ignment a s s embly ( elec tor-magnet i c )  
and induct ive d isplacement t r ansducer and proving 
r ing uni t .  
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EXPERIMENTAL PROCEDUR E :  

Af t e r  the so i l mo i s t u r e  c o n t e n t o f  the so i l  b locks was adjus ted 

to the p r e- s el ec ted l e v e J , 2 t e s t b l o c k s  were a l i gned on the t i llage 

b in s uppor t b ed . A t  th e t ime of  d r i l l ing the pre-d r i l l ed h o l es i n  

the  b a s es o f  the b ins w e r e  a l i g ned s o  tha t each row to b e  d r i l led 

was d i r ec t l y  above t h e  h o l e s .  A f t e r  d ri l l i ng , p r e s s ing and bar 

harrowing , ho l es of app roxima t e l y 4 mm d iame ter wer e d r i l l ed by hand 

ver t i ca l l y  upwa rd f rom L h e  b i n  b a s e  t h rough the s o i l blocks u s ing a 

mechan i cal p rob e ( P la t e  6 a ) . T h e s e  hol es reached w i th i n 4 0  mm o f  

t h e  so i l  s u r f a c e . Th e p u r p u s �  o f  t lw s e  ho l es ( o f  larger d iame t er than 

tile "mecha n i c a l seed l i ng " ) w a s  L o  e l i m i na t e  any poss ib l e  con tac t of 

the mecha n i c a l  s eedli ng w i lh t l 1 e  s i d e w a ll s .  

The e le c t ro-magne t i c  mec h a n j s m was brough t i n to al ignmen t u nder  

the b ins w i th e a c h  ho l e  a nd t h e  " m e c h a n i  al s eed l i ng " was h eld  in  

pos i t ion i n  L h e  ho l e .  T h e  L r  i p l) d , b ea r ing t h e  prov i 11g r ing a nd the 

s en s o r , w a s  pos i ti oned d i r ec t l y  b e n ea th th e mecha n i c a l  prob e . The 

e l ec t ro-m.Jgne t l c mech a n i s m wa s sw i t c h ed o f f a nd t h e  e l ec t i c  mo tor 

was u s ed t o  r o  L a t e  th t h n : a d e d  s i1<.J I L .  As t h e  "mec ha ni cal s eed li ng " 

moved s l m-J l y  upwa rd L l i r l l t l g i l  t l 1 e  s o i l s u r f a c e , t h e  "emerg ence" fo r c e 

was d i rec t l y r e c o r ded i n  mV u u  a c l i 1 1 1 t r ecord t.lr . The c har t record e r  

was pr e-cn l i bra t ed t o  l nd l c a t e  t h es e•  s igna] s il s [ o r c e  u n 1  t s  ( N ) , 
os shown I n  a p p e nd i x ( l n ) . 

Once the ' 'mecha n l c e.� l s e t!d  l i n g "  had trav 1 l ed s u f f i c i en tly to 

appear thro ugh the s o i l  s u r f c.tc e  o r  t h e  d i rec t d r i l l ed g rooves ( ap p r ox . 

40 mm) , t h e  mo t o r  was d l s c o n n  • c L e d . The threaded s ha f t was re-wo und 

manual l y  t� nd Lhe "mec h a n i c a l  s e ed J i ng " was w i thdrawn by hand . In 

th i s  way an average o l- 1 6  r e a J J n gs p L! r  t r ea tmen t w e r e  r ec orded a t  
two s amp l i ng t i mes ( a )  L rm1 1cd j a L e J y  a f ter d r i l l i ng ,  a nd ( b )  immed i a t ely 

a f ter the s o i l blo c ks w e r e  b ro u g h t b a ck f rom the  c l ima te labora tory , 

whi c h  was a n  average o l  20 d a y s  a f t e r  d r i l l i ng .  

"S eed l J ng eme rgL' l l t: L ! '  f o r c e  a nd the energy expended was calcula ted 

by ave rag i ng Lhe 1 6  1 1:<1d i ng s  L a k e n  ! o r each t. t· ea tnwn l a t  thes e two 

tl amp 1 i ng d a t  H .  
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"The a c c u r a t e  mea s u r e m e n t o t  so ·i J mo i s tu r e  po t e n t i a l  near to the 

s o l .l s u r f a c e / a tmo s p h e r e  i n t t: r f a c e has b e en a f r u s t r a t i ng ex e r c i s e  

b f I . . - I I . . d d f l  
" ( 7 6 )  

e c a u s e  o t 1 e c o n t � nu i t y u t·  l 1 e 1 CJ 1 ll  an g a s eous wa t e r  uxes . 

( 5 1 , 6 '2 , 6 7 , 7 "3 )  . ' 1 1  d i l  Ma ny a u tho r s  now a g r t� e  tha t d 1.r e c t d r J_  e s o  s 

r e t ct l n  mo r e  mo i s t u r L: JH: a l t i l t: S 1 1 r l <H' t� conq ; a r ed w i t h  c o nv e n t io na l l y  

( 6 7 )  . 
c u l t iva t ed s eedb ed s . B a k e r  c om p a r. ed v a r 1 o u s  d i r ec t d r i l l ed 

g r o o v e s  l n  t e rm s  o f  t h e i r  c-1 l > i l i t y to r e t a i n  so i l  mo is t u r e  and t he i r  

s uh s eq t Je n l t.:- f f ec t s  o n  S t: l •d l i n g em • q•, e n c e . H e  f o und i t  d i f f i c u l t to 

me a s u r e  L h v  i n- g roo v e  :o1 1 i I mu i s t t 1 r c s t a t u s  even t ho ugh he h a d  no t ed 

s i g n Lf i c a n t  d i f l" e r e n c t· s  i 1 1 s e t ·d l i n g �_-m e r gencc apparen t l y  il l l t ib u t a b l t:  

t o  the p hy s i c a l  c ha l dL l e r i s t i l · s  u t  t h e g ro o v es . 

( 1 7 )  . ( / 6 )  -
Nob l e  a nd Pa l n l l:' r r L! v l ewcd a numb e r  o f  t ec h n i q u es l o  

mea s u r e  so i l  mo i s t u r L!  pu t l:' n t L l i  a nd so i .l w a t e r  c o n t e n t s .  P a i n t e r  

( lo c . c i t . )  s u g g e s t ed t h a t  t e n s i o m e t e r s  we r e  no t u s e f u J  f o r t h e  

d e t e rm i na t i o n  o f  s o i l mu i �: t J J r �;  1 :o t tJ n t i a l n e a r t h e  ::;u r f a c e  b ec a u s e  

t h e  L e n s l om e t e r :o  J , r u k t' t l l l \v J J  u t  - 9  . J / k �'. n r  h c l ow .  A n eu t r o n  p r o b e  

c � u s ed p rob l ems b ec a u s e  l > t t i l v  h t l i l t - i t J  san1p l i ng v o l um e , w h i c h  w a s  

a t f e c t ed b y  t h e  s te e p  g t i.lll i e n L s  i n  t h e  s o i l  mu J s tu r e  n ear t h e  s u r f a c e .  

F o r  s imi l a t  t ea s o ns , o l l t < · r  nJ e l i l o d s  S J H i l  a s  g amma r ay a b s u r p t io n , 

t h e r ma l me r lto d s  a nd e l t · t · I J- i t· t · a pLJ c i l <.l i J C e  \v e r e  r n n s i d e r eJ no t to be  
u s e f u l  t oo I H L o  rnea s u r t •  mu i s  l t l l ' l '  I e v e  I s  n ea r t i l e  s u r f  a c t:J . T h e  f o l l o w i ng 

m� thud s w e n' C O I H .l l d v n·t l " ' 'd l L. ! > l L ·d f P I  t h • i r t� ll l t a h i l l t y t o  measu r e  

i n-g r o o v e 1.1 r s u r f a c e  S J > i l mu i s l t t r e . 

( a )  P s y r hrome t e r s  

( b )  E l ec t r i c  r �; s i s t d l i L ' e  i l l t > c k s  

( c )  C y p s 1 1 1n b e a d s 

( d )  C l a s s  pa p e r  l n d i r L ' t' l L l t t" t  t l lu - g r a v  i m e t r i c  m e t hod s 

( e ) D i r ec t  t h e rmu -g J cJ v i moo• L r i L· Jne t h od s . 

( a )  P syc h rome t e r s : 

T h e rrno , · u u p l e  p s y c i J t ul l le i L' L" s I J d V e  b e e n  d e s i g n ed a n d  emp l o y ed wi th 

· :1 r . 
1 . 

1 1 ( 7 8 , 7 9 , 80)  
v a r y  1 ng L e ?, r e e s  o S t H ' c v s .s  t l l l  t l l t' i i S t J r  1 ng s o j  mo 1 s t u  r e  po t en t  a . 

T h e  ma j o r  p ro b l em w i t h  t i l L· l ec h t l i q l l e  l 1 a s  b e e n  th e f a c t tha t t h e s en s o r s  

a r e  L emperd tu r e J e p c nd e J J L  d llli L i l t! c h a n g e  i n  r e l n t i v e h u m i d i ty w i t h  

' l l  
l 't t J- v x <� m p  l e  a t  2 5  C a c h a nge o f  
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wa t e r  po te n t ia l  o J·  1 5  h a t s w a s  r ..c po r t L·d l v  1-l C l " U in p a n i ed b y  a p p roxima tely 
( 8 l )  

1 %  change in r e l a t i v e ! l l l ln i d i L v . T i l l:" s am e  a u t h o r  s l a t ed tha t 

temp e r a t u r e  mea s 1 1 r eml! n t  t u  \v i. L l l i 1 1 O . OO J l l C  o r  h e t l e r  was nec e s s ary 
( 8 2 ) 

to accura tely mea s u r e  wa L L� I  po l l! n l i A l .  A no t h er r e p o r t  sugges ted 

tha t d i u rnal s o i l t em p e r <� t u r <:  c h a n p, l · s  p r e v e n t ed [n-si tu o p e r a t i o n  o f  

L h ennoc o u p l e  p s y c h romP t t: r ;-;  \v i L i l  i 1 1  n h o u  t J O O  mm o f  t h e  so i l  surfac e . 

( 6 7 )  Bak e r  a t t em p t ed t o  t i S E:'  p s y c l 1 r onw t L· r s  o f  3 8  mm s enso r l eng t h s  and 

11 . 4 mm d iame t e r  to mea su r e s o j ]  I I H > i s L u r .: p o t e n t i a l  i n  d i rec t d r i l l ed 

grooves a t  e.t ::; � e d  d e p t h  t l f ' l 8  mm . I l L- \vas f n r c ecl t o  ab a nd o n the i r  u s e  as  

i n-groov e so i l  mo i s t u r e  pu l C' n L i a 1  S L' I lSO I ;, L >tc: a u s e  o f  t h e phy s i cal  

var ia b i l i t y  o f  t h e  g r o o v l:! s , a nd t i l L-! p r o ba b l y s t eep  a nd o f t en unpred ic tab l e  

s o i l  t emper <J t u r e  g r ad i e n t s  p r es l! n l .  

l 11 t h e  p r es t: n t s tu d y  . 1  l t l r t h LI- i ! I L L�mp t was ma d e  t u  l· a l i b r a t e  

thermo c o u p l e  p s y c hrome l t-! r :-.  l u r L i 1 v  i t  l " l s s i b l  e u s e  i n  s i m i J  a r  cond l L i ons 

to tho s e  ea r l i e r repo r L eJ h y  H a k L· r  ( l o c .  c i t . ) . Howev e r , i n  thes e 

t r i a l s ,  th e so i l  b lo c k s  \v L' I e c o n t <.J i 1wd i n  t empera t u r e  c o n L ro ] l ed rooms . 

The amb i e n t  t em p e r a t m c: i n  t i l e s l' c I l l l l a l .:  rooms was c o n t ro l l ed t o  
( )  

a p p rox i ma t el y + 0 . 5  C .  1\ I I L J i l l h e r  o l  p::.y c h rom e t e r s  s im n a r  to t h o s e  u s ed 

by Baker  ( l o c , c i t . ) WL' r t •  h u r l ed i n  1 i 1 v  rr r ooves d i r e c t d r i l l ed by 

t h r ee d i f f c n· n t t v p e s  1 1 1  t ' L I I I i t c· t- �, . t\ , ,  ... v L - l l r nn>L' t • • r m i c ro-vo l tme l e r  wa s 

used to mea s 1 1 r e  t he e . t11 . 1 . T i l L� r .: s l l i t s ,  howev •: r , wer e aga i n  i n<.: u n s i s t l· n L 

Rnd c o u l d  no l h l!  J n t t..• t p i e l vd a s  u ,._; o.: i c J I l u r  m l:! a s u t 1 ng L h e  i n - g r o o v e  

so i l  rno i s l u r P  po t e n t i a l . ' l l c l' l a i l u r �  1 1 f t h e  p s y c h rumc; t e n;  w a s  c o ns i d e r ed 

t o  h e  h e c a u s '-'  o f·  t i l e  f ( l i i <! W i l l ) �  f a r t t� n:l ,  a s s o c i a t •�d w i t h  t t•m p era tu t· e  

v a r i a t i o ns : 

( J )  T i l l' d i c l t" l cd l I L! I i ' i ' l ' l d l t l t· c ·  c l l . t l l ) ; c; S  i 1 1 L l l l! t ooms p t o d u c ed t em p e r -

a L u  n! g r acf i l· 1 1 t ::;  i 1 1  t i l t.." s u i I . 

( i j )  Each d i  f f e r e 1 1 l 1 Y I > L� o l  g t  < J o v .: L'X pe r i t> nc ed d i f t e r e n t  LemJW r a t u t e  

g r ad i e n t s  d 1 1 t:: t u  t l 1 c· c i i d r <H ' L c r l s t i c s  o f  t h e  g roove  c o v e r  

w h i ch v a r i l!d l ' l! t W L! t: l l  t ' l i i i 1 L L' t  L y p e s . 

( l i i )  Amh i P n t  t emp L! r d t. c l r L· < ' t) n t r u l t n  ' 0 . 5°C wa s no t c o ns i d e r ed L o  

b e  a r c u r a t e  c i 1 U 1 1 )!, i l  t u  L! n a b i L · t l t L! m e a s u reme n t o f  co r r e s po nd i ng 

!:illld . ll  c ha ng L! i 1 1 t L· l a l i v l! h um i d i t y  a nd t h e r e f o r e  so i l  mo i s t u r e  

pu t e n t i i'l l . 'l' l 1 i s  I I I L· t h u d  \v < I S  t h e r L! f o r l:'  d i s c a r d ed as a so i l  

1110 I s  L u r e  pu 1 v 1 1  t i a 1 l l l L ' < I S u l  i 1 1 )� L t..! c l m i q u e . 
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( b )  Gyp s um Blocks : 

Gyp s um b lo c ks a r e  s imp l e , i n ex p e ns i v e  a n d  w i d ely u s ed . They cons i s t 

o f  non-co r rod i b l e  me ta l  e l e c t r o d es emb e d d ed J n  a b lo c k  o f  porous 

ins u l a t i ng ma t e r i a l  and may be e i t he r  p a r a l l el o r  c onc en t r i c , in rod 

h f M . h . d h . ( 7 7 , 8 3 , 8 lf )  
o r  m es o rm .  any e x p e r i men t er s  a v e  r ev 1 ewe t e 1 r  u s e  . 

The maj o r  pr oh l ems w i t h  t h e i r  u s e  h n v e  b ee n  t h e  apprec i a b l e  t ime l ag 

b efo r e  t r u e  r ead ings cou l d  b e  o b t a l J l�cl ( l 7 ) . T h e  b l o c k s  h ave been 

found to b e  r e l a t i ve ly J n s e n s i t l v �  d t  h ig h e r  mo i s tu r e  r eg imes . At 

low mo i s t u r e r eg imes t h e  por t a b l e  mea s u r emen t me ters  ava i labl e  to t h is 

S: ud y proved a l so to b e  i n a d e q a u t e  t o  mon i tor e . m . f .  as t h ey were 

r eq u i r ed to oper a t e  near the l i m i t s  of t h e i r  s ca 1 cs ( 7 6 ) . Cox and 

. ( 8 4 )  
F 1 lby s t a r ed t h a t a c c u r a c y  o f  r e s i s tan c e  b locks was a f f ec ted 

b y  h y s t e r e s i s i n  t h e i r  ab  s o t· p L i o n- d e s u r !J l i O n  c harac te r i s t ics , a nd by 

va r i a t i o n s i n  t h e  e l ec t r i c a l  c o n d u c t i v i ty o f  t h e  soil wa te r w h i c h  

f o l l owed f rom v a r i a t i ons i n  s o l u te s t r en th and so i l  s t r eng t h . 

A p i lo t  t r i a l was l' l l nd l l c  t ed t o  t l's  t the s u i  tah i l i ly o f  s pec i a l l y  

d es i gned and mou ld ed sma l I s e a l e g y p s u m  blo cks . 

Des ign and c a l i b r a t io n  �1� smaU s c a l e  gyps u m  l�l o c k� 

Th r e e  d i f f e r e n t s i z e s  o f  g y p s um b l o c k s  wer d es igned and cons truc ted . 

Each was cy l i n d r i c a l w l t l t  d l i::lm e t e r s  o f  6 mm , 7 . 5  nun and 1 5  nun r e s p e c t ­

tve l y , a nd a 1 1 w e r e  1 5  mm l n  l e ng l h .  T h L' s e  n n' s hown l n pla t e  ( 7 ) . 
The i nner e l e c t ro d e  was f a s h i o n ed f r om c.: o p p er w i r e . Th e ou ter 

e l ec trode was mad e  f rom a 0 . 7  mm t h i c k c o p p er s hee t .  T h e  sh ee t  was 

ro l l ed i n to a cy l i. nd e r  <J nd s o l d e r ed t n  f o r m  a 11 s t ng for the p las ter . 

A numb er o f  3 . 5  mm d i arne t e r  ho l es w e r e• p r e-d r l 1 1 ed i n  the copper shee t 

t o  fac i l i ta l e ex change n r  wa t e r  b e tw e e n  t h e  soi l and the porous ma t e r i a l . 

"Plas ter o f  p a r t s "  w a s  t t � ecl <-Hi t h e po r o u s  ma t e:r ia l  and c a r e was t a ke n  

t o  ensu re tha t the i nn e r  e l ec l r o d e  was concen t r i c and e q u id is ta n t  

f rom t h e  cy l i nd er througho u t: i t s l eng th . N o  a t t emp t w a s  mad e to u s e  

ny l o n  r es in o r  a ny o t h e r  po r o u s  ma t e r i a l  to  i nc r ease t h e  durab i l i ty 

o f  bloc k s . 

S ome n l  t h < ·  6 mm d l r t l l JU l L' I" h lockH  w e r e  c o a t e d  wi th a r1o ther l ay er 

o f  p l a � n e r  o n  t h e  o1 t tl • r  H f d , • . l l n l a t f' l' s t a g e . T l d ti was f o r  two r easons . 

F i r s t l y i t  was found Uw l t i l e  ou t e r s u r f a c e  o f  th e copper cy l i nd e r  

ox id l zed a n d  i l  was tho t 1 g h t t l w t th i s  migh t a f f ec t t h e  s ens i t iv i ty o f  the 

b l0 c ks . S •cond l y  i t  w rt s  f o u nd t h i::l L I n  s ome o f  t h e  b l o c k�;; , dur i ng the 
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\.J i.J S  ,, uw n .  

i n  \v d t t• r u nd L' r  V ilC l l l l ffi . 

d t ' I '  l i t I 1 1  ._., , , i t  f.� l u i1 V ( · . 
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T h i s g a p  \viJ S 

1 1 1 ,  · :-.. , 1 i I I 1 J , l '· k s 1", · r ,  • r i t  , , ,  , , ' 1 ' i , • I 

( n ,; i 1 1 . !  i • d I , . .J i 1 1  · l l ' i ' c' i t d I i' . . , ) • · 1 1 ,.. , , , , 1 1  ! J i o t. k �, l t •mn i n t · d  i 1 1 t i l e  t l l i l l i i l •  

t ll l l l l i :-, t l l l l i l l i l t '  l 7 L i t  c i , J I, . •  1 I ll  · 1 1 i 1 1 i l l � · - l i t i s  v n : J h l v l t i l L' g y p s t l l i l  

, ,  ' i  l l t i I , J I t < > I 

' l l l l' d i I I l' I < 1 1  I ,., i I' " I , ,  I " t j, '; ' \11' l '  I ' ' t " 1 1 1 1 <  I t ( I l i t  l' ( I I I il I I y b L.' l 1  b 1 I. I V L 

/\t' , " i • l i t l)! l y  l l w ,., l i l . t l l e r s i t. < '  ( li i l l l l l  d i d . )  g y p ::, i J!I J  

lH� C X ] H ' < ' t l' J  I l l II J l n i n . i L t.' t i J , ·  , I L s l u r i J < 1 11 C ! ·  i n  t h e i 1 1 -- g roo v e  so i ]  d u r 1 n g 

'I ' l l  L S  < ' U i t l  j I'III L < i  
t I t ,  l 

t' n I' I i v 1· ex !1'-· 1 i 111 1 • 1 1  1 ::-; h y 1 ' .  d 1 1 ' · 1 /\ I I IH' l uw l '  I' i 11 i I i il l ,, , l l J llltl i :;  I u I l' 

( !H'd l " l ' . \.J . [ • . ) , i t t lW e V e l , t i l t '  i' l' ,; t > l l ,._,  \.J t ' t" < '  l l l t l i i d l t l  h t • l t lt l l t '  l l' j l l t! H l' l l l < t l i V t · . 

C a .l L h r i.l t i u ns w e t e , . d l l i . · d  " " ' t »  J , · l .l l. v  '' " i l  ntu i :d < t r L: p • l t t · n l l <� l  

o h t a i n eJ b y  r h e t e s i s t d J l t ' t.· J , j , , , · J; ,..; l • '  t l t <J t  l l l v d s t t l  L"d r l l c rmo - g r a v i ll t L' l t i •  c t l l v .  

T l t e  g v p ::; l l tll  i > l t l t ' k s  W t.' r '- '  l > t l l i . ·d  . 1 r "' ' " ' ' l , v t= l  i 1 1 l l "' p, t u o v t= s  d t a W I J  J , v  

t l t  L' ( '  1 t  J "' l' 1 " l  ) ( I  l I (> r • l i ll l '  l l "  I l I t '  l < I  I "  I t I i r l L '  " i s l '  t '  0 u l  l L '  I I l.' ::; I '  L: c l i V L' I y . 

The s o i l  b l o c k s \.JL• r e  C el l  ( i n l i t l t l l l i t < '  , · I i llld l v l < H l m  <J n J  \,J t.' r t.:  s i i !J j t.� l '  l c•d 

Ln l h e amh i e t l t t ' L ! J H i i t i t J t b  " I  '-I l l  1 . i t .  < t l l d  7 1 /.  r . l 1 . d t � v / n i g h L  a t td 2 'i' \ : t 1 . 1  
d ll d  1 1'\ .  n i g h t  l emp v l i J l l i J • · 1 �. · :, p Lt · l i v , • l v  ( s P < ·  ,\ p p .: t l d i x.  .! )  

s n  f l  �, . l l l i j l l I ' ' W ( ' f v t . t l< t ' l l  I 1 • > I l l  l i l t '  )\ l t l t l V l  S .  

fllt1 i S i l t i L' l ' t t l l l c' l l [ :-, l l i > l d i J i t ·t J J , y  l l t v  ) ', '. j > , , t l l l t  J , j l l l ' k S iJ 1 1J )!. l' i ! V l t i l t:' t r i L  l i i L: . l S l l f L ' I I I L' J l l h 

W l' r C' J , , \_, . 

d i :; ' · '· 1 HI I L <: 1 · g 1 ' " , v ,. :, r , · �. 1 ' , · , 1 i v , · I y \v , · 1 L' 1 T i t  I �j 



J 9 . 

( 6 7 )  n>ll i i un v d  hi l l i L� r  o b s o.: r v a l i t ) l t t> h v  l l a k o.: r  t l l <1 t i r- wa s d i f f i c u l t t o  

l l lt:'il i:i l l r e i n - g t l lOVe s u i J  n tu i s t u r· v  s l a t u s .  0 1 1  t h e  o L l l er h a nd s om e  d o ub t 

u l s o e x i s t s  ilS t o  t h e  i l t ' C t t r a c y  o f  s u m p J i ng l c om w i t h i n  t h e  g r oo v e f o r  

L h e  g r av im e t r i c m e as u r ern l' n l s  b e c CJ t i S L' Hake r ( 6 7 )  was a l so no t a b l e  to 

o b l a f n  s l rt ) ng c o r r e l a t i o n :-,  h v lw o.: e 1 1  S t t c h  tncCl s u r emcn t s  nod s e ed l i np, 

eme r g e n c e  p e r f o rma n c e . ' ! ' I l L: r e s t t l t s o b t a i n ed ab ove s u gges L t • d  Lha t t h e 

g y p s um b l o c k ::.  c o u l d  no t h e  S t i < ' L' o.: S :-, I t t l l v emp l o y e d  t o  meas u r e  i n- g r u o v e  

s > J ! ] J l l <l i �> L l l r e  l u r t h L· l u J J , ,w i ng r e il. S < l ll S : 

( a ) S t> ns L L i. v i ty W i l s  i n  · u t l s i s l c.J t l l ,  e v e n  w i t l d n s i ng l e  g y p s um 

i> l o c k s , and c e t t a i t t l y  I > L· I t.J t · e n  a d j a c t..: n t  b ] o t k ::.  i n  t he s am e  g r o o v e . 

( b ) Th e g y p s um b l o t · k s  \v L · r o.: r c l <l t i v e J v  i ns e ns i l l v t� a t  t h e  h l g h c t  

s o i L mo i s t u r e po l c · n l i il l  l e v o.: l s .  
( , · )  l i t e• p h y s i c a l s l l a p vs o f  t l 1 e  d l· i l l ecl g r u t J v es , 1 1 L' d r  L h e S t t r l d c e , 

T l l  i s  r es u J t e d  i n  v a r  i a b i I i 1 y 

i u  L i r e i n t er - f a c e  s o n ntu i s t u r e  f l u x e s  a nd v a r i a b l e  s o i l - h l u d, 

C < l i l l  d C  t il T L' <l S . 

Cy p s um J , ._· c� d s  n l  1 1 1 1 1 1 1 1 1  x. ':1 1 1 1 1 1 1  x. ':1 t l l tn , w e r t:'  tl!u u .L u e d  f c om " p l a b t  .. · t  

! J I p d r i s " . ' I  I l l ·  i l l t t • f l l i t o f l  \•J i i :O  l i l L t l l y t h C' s e  u e u d s  i n  t h e  d i r e c l d r i J 1 L· tl 

g r o o v e s  d l  t i l L ' ::. t:· ed d L· j > t l , i l t H I  l l l t ' i l !? u r L· L i t e  eq u i l i b r i a t Pd s o i. l  mu i t:>l t l l c: 

g r a v i me r r i c c.l l l y . T h t..: l l e . H I ::.  w v n· • l V e i l  d r i ed a t H01 \; d i \d t i l L: .i n i l i <t l  

O . O i g .  

b ur l ed t or d t  l L!as t t u t t r  < Lt y s  d !l d  w e n · s eq u e n t  i n l ] y  " h a r v e s t ed" a t  

d a l l y f n t t' r v c� l s  a nd mu i s t u l' l.l , o r t l t · tH ::; d e r P rm i 1 1 <; d  g r a v -i mc t r f c a ] l y .  

' l ' l 1 e  h e<1d s  \>l l' l t! l �: s t t:d i n  t i l t� l t l W t: r ::;u i l  mo i s t u r e  c u nd f t l o n::; J . e .  w J J t i n g 

pt l i  1 1  L j H � l  l ' L' i l l a g v . A p p L' i l t l  i r. ( L d ) ::. i l u w t� , l t < H>�ev e r , t l 1 d  t l i l t: g y p s u m  

b ect d ::;  w e r e  nu t v v t y S L' t l s i l i v .: a s  n n  i n d i r e c t g r a v ime t r i c d e t e r m .i t t ; J t l u n 

o !' so I I 1110 i ,.; t u  r L� • 

C: O i l l l! l l L S  o f  t i t '  g y p s un1  i J , · ; J d S i l i l d I i l L' s o i -l nl < l j ::; t u r t.!  t ' O ll t e n t s  

mea s u r ed d i r e l ' t l y h y  g r <.J v i tn v l r· i t  m t· I I J < ld s  w a s  r = Cl . 6 ') , 1 , , 8 1t , and ( � ') 2  

r e s p t.!•: t i v e l y .i n  c h i s l:' l  C < l l t l t e r , l l t l L '  t o t t l t e r a nd t r i p l e  d i s c c o u l t e r  

g r oove::; res p P (' l i v ._�  I y .  :\ I  L I H n t g h  i l 1" n s  a g a i n  p o s s i b l e  t h a t  t h e  

d i r e c t g r a v i m e L r i c  SC'll l l f l l i t t g  l l l l.l t l t u d ,.; t l ldv h ave b e e n  i n  q u e � t f. <) l l , L l t t.!  

gy p s ll ln  h e ad 1 1 1e t h u d  w n ::-.  t lu l. 1 1 s e d  l t l r l l i v r  h f' c a u s  · u f  i n c o n s i s t e n L r e ad i t lgs , 

i.l S  a n  u f f e c ll v e tnL� t i l l l li , , ,  s u i l  t l ln i s l l l i t ·  l l l l i..l S u r �n ten t .  

A r 1 1 1 1 11 h t: t  < 1 1  �·, L.t s b  l i t � r .._• f i i i L' r  p a p e r s  tJ f  2 ) . 4  nuu J L J m c t e r  



' late 7 .  S o il mo is ture p o t ential measurement s ensor s : (A) P sychrome ter ( 38 mm long 
x 6 . 4  rrrrn dia . - "wescor " )  ( B )  Gyp sum block ( 1 5 . 0  mm long x 1 5 . 0  mm d ia . )  
( C) Gypsum block ( 1 5 . 0  mm long x 7 . 5  mm d ia . )  (D)  Gypsum block ( 1 5 . 0 mm long 

x 6 .  0 mm dia . )  

Pla t e  8 .  Core samp l er ( 1 5 . 0  mm long x 7 . 5  mm d ia . )  
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\v � r e  � t) l d ecl and bud et ! i 1 1 L l rr:!  d i r e c t d r i L J L:J g r oove s . S am p l i ng o f  t h e s e  

pape r s  w a s  c a r r i ed o u t H f L L! t d n y  l t l l i i· , w h i l e  t h e  so i l  b l o c k s were i n  

cl ima t e  rooms , a nd s u b ::; L�q t t L' n t l y  a t  2 d <J y s  i n t e t- v a l s .  T h i s  mo is t u r e  

meas u r i ng t L� c.: h n i fj u e a p p e ; t  ,- '" d  to .i n d  i c <l L L!  2 t o  J U t n e s  t h e  a c tual 

s o i l  mo j s t u r e iJS T l tl.:!a s u r ed by t h e  d i r e t. · t thermo - g r avj m e t r ic me thod 

b u t  aga i n cor r e l a t ion c u t! l  l i c i t! n t s  \.J e n· l ow .  T h e  m ethod was c o n s i d e r e d  

u n s a t i s t' cJ c l o r y a n d  w a s  : t b . t t l l l o n e J  i n  f a vo u r  o f  a d i r ec t t hermo - g r a v ime tr i c  

me thod . 

P · ( l 6 ) I ' I  i 1 · ' I  1 h . " 1 ·  h l  a � n l e r  t C S C Ll ) L' L  l t L! r tno �; r n v 1 nw t r � c  m c r -w c s n s  e 1ng r e  1. a  e ,  

s :l m p J e ,  U L! t> t t t l l : L i v e a nd L hl i u s "  u t l d  f v J  t L l t <J L L! d c i l  o f  t h ese ad i e c l i V l' S  

hecame e v e n  mn t e a p t  f u r  l l L!cl r- s t i t  l a L : E:'  mo i s tu r e m e a s u r eut ' I l L S , bu t t i la  L 
( 8 'i )  . 

a l t e r na l i v �.; s  Wt� r .: f ew .  l l u l n t e s , I , d . ea r l J. t> r  t hou g h t  tha t t h e rmo-

g r a v j m e t r i c  mP t lw d s  s h o u l d l o nn L l t L· h. t :·-d s  o f  cnmp a r i s o t t  l < l l  a l l d i r e c t 

A ""  p j J , , L  t r i a l s l t d d  l l • l l  t . t V < l i t r � d  u r l wr m e t hod s o J  ::. o i l mo i s t l t l" e 

tn ea .s u r L!me n t  ( e . g .  r es i s t i l i i < L' h l , l l · k s  .:.1 n d  p s y c h rome l e r s )  1 i t  \vas fe J r 

r h n l t h e u n J y  r e < H> < m n h l t.!  i ! I L L' r t l C ! L i v v < l l t ha t  s t a g e  was t n  u s e  n tl i r· c c t 

d l r L! c t  d r i l J eJ groove s , t t :-:> i n g �1 c u 1 e  s wn r l er . A p p P nd i x  ( l b )  s hows 

the s o .i l. mo i H t u r c po t e n t L l l ( hr� r s )  l ' I I T V t� d e t e rm i ll c>d b y  p t l� o s u r e membrane 

p j ,J t L! I l \ 1  . l  I j n L' H ll nd V S o  I I I . 

t o  r' o nv e r l H t d l mo i s t i tt L' I ' L' r t L' I t l i i t l u  s ,J i. l mo i s t u r e rn u· n t L tJ . 

2 .  L .  L O  i l t l d P r o c ed t t r L' · 

A snw l l s · a l t • c u r L' » d l ll J > I L· r  ( J d i i t v  H ) , s i m i l a r i n  co n i  i g u r a U u 1 1  
. ( ' J  h )  t u  U ll L!  t><l r l l e t  u s ed b y  �1u t , W < l "=>  d L' :--i L g n ed . T h L· L' ffec t i V l' l e n g t : h  

[ o r  oamp l i ng was  I S  nun w i l l t .:.1 b . :!. 'l f l l l l l  d i amete r . l t  wa s d � c i d ed to 

L a k t::! c o r e  s nmp 1 es i n  t h e  v i c i t t i l y  o f  t i l l' s e L!Ll s  i n  o r d e r t o  b e  r e p r es t· t l l 

. t U v e o l  ll 1 1· so i l  m i c r o - e n v i r u n nw t l l :I r o 1 md t h e  se ed s . For sim i l ar 

r e a s o n s  i t  \11'-l S e o t t s i d e r L·d i tH po t l ii t l t  tu t a k e  S Lll l i J , ] Ps ve r t i L a l 1 y  f rom 0 
to L1 S mm tl ep t l i a nd ho r Lw n t < t l l y  1 0 mm 0 11 e i t h e r  rl i d e o f  t h e  m i d -po i n r 

1 l l  l i t e  g ro o v u t> . ' I I J i s  g a v v " p r < d i i t.:  . � 1  s o l i  mo i ri t u r e d i s t r i b u t i o n  

.t r n u nd t i l e  ::; L• ed . V e r t l c c tl l v  t i l l ·  S i ill i J l l L' t:>  W L! r e  t d k t• I l  il l t l t t' e t• d e p t l t ;-, ;  

0 - l '> nun 1 l 5 - H l  tllnl il nd \0 - !, ') t t l i l i . � i u  i I mn i s l u t· _.  s a m r l ,; s w e r e  cl I s o  
( 6 7 )  

t d k l' l l  1 r u m  n nd i s l u '  h e d  S l l i l I H:: l \� ' ' '" 1 1  t l 1 v  r < lW S . A I  t l ,oug h 1-\ n k t.; r  i l cJ O  
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no t e d  d i f  [ l c u l  ty i n  s am p l i n g f r om t h e  :-; u r ro u nd s o E t h e  g r oo v e  f o r d i r e c t 

t h e rmo-g ! ' a v  J J ue t r i c  mo i s t u r e c o n  t e n t  de t e r m i nn t i o n ,  h i s  t e c h n i q u e  d id 

no t a t t em p t to o b ta i n  a p ro f i l e  o f  t h e  mo i s t u r e  d i s tr i bu t i on .  S o i l  

s amp l e s \.J t= r e  t a k e n  a t  n o u n  ( cl i ma t e L a bo r a to r y t im(·) ev e r y  t h i rd d a y , 

�vh l l e  l l H! ::; o i l b l o c k s  w e r l:'  L n  r h e  c l L J11i.l L L' r ooms , u n t j l s e e u l ing 

eme r ge n c e  ] , u J  s ta b i ] i S !:'U . 

2 .  2 .  1 1  l n-_8!-"oov e S o i l  T em p e r a  L u r e  Meas u r em e n t 

Th ermome t e r s  o f  v a r io u s  k i nd s h ave b e e n  u s ed to m ea s u r e  s o i l  

t emp e r a t u r e . Me r r u r y  i n- g l a s s  t h e r mo m e t er s  and t h ermo c o up l es a r e  commo n l y  

u s ed fo r th i s  p u r p o s e . 

So i l  t em p e r a t u r e  m ea s u remen t w a s  f e l t t o  b e  impo r t an t  t o  h e l p 

exp la i n  L l H:!  e f f e c t s  o f  v a d o u s  c a u l  t e r  t y p e s  o n  t he s o i l  m i c ro - envi r o nm e n t .  

A numb e r  o f  t h e rmo - c o u p 1 1.:!s we r e  c o n � t r u c t e d  u s i ng c o p p e r - c ons t a n t an . 

T l t e s e  t h e rmo c o u p l es w e r e  mo i s t u r e  s e a l ed i n  e p o x y  r e s i n  a nd b u r ied i n  

t h e tl l r e r t d r H l ed g r oo v e s j_nunl.:!u i a t c l y  a f t e r  d r i l l i ng . Da l l y i n - g r o o v e  

so l l  t emp ' r . J t u r e meas u r em e n l s  w e r e  r L' t:o r d ed d a y  a nd n i g h t  U f; ing a m i c ro-

V0 l ! me t e r  w i t h a n  i n - b u i l t  r e f e r � n c e  j u n c t i o n . S u l l  t em p e � a t u r e  was 

mea ::; u r c J  u n l  1 1  s e ed l i ng e me r g e 1 1 C �  had s t a b i l i ze d . 

c n l i b r a t i O J J  i b  s l iown i 1 1 A p p � nd i x  ( l e ) . 

2 .  2 .  1 2 Dl•sc  r ip t i_o_n o_f_ !_:_l_·f m.�_r� Ron.!2:._� 

T b t:" r mo c o u p l e  

The New Z ea l a nd D e pa r l m e n t  o f  S c L e n t .i f i c a nd I nd us t r ia l  R e s ea r c h  

( D . S . I . R . )  c l ima te l a bo r a t o r y i s  l o c a t � d  a t  t h e  P l a n l  P hy s io l o g y  

D .i v  l. s io n  h e a cl q ua r  t e r s  ad j il c e n  t t o  Ma s s ey U n i v � r s i  t y . T h e  c l i m a t e  

l ab o r a t o r y  p r o v id e s  a w i d e r a ng e  o f  e x per ime n ta l c o nd i t io ns t h a t 

h a v e  b e e n  f u u nd tO b e  u s e f u l tu o J s t o t  r J a n t- 1.:! 1 1V i r o nme n t a }  s tu d i e s . 

Each o f  t h e  c l ima t e  r o 1 1 m s  m e a s u r L' S  2 . 7 5 m x 2 . 7 5 m x 2 . 7 5 m 

w i th a n  e f f e c t i ve grow i n g a r e a  ,J f 2 m x 2 m .  T h e  ma j o r  c l j_rna t e  f a c t o r s ; 

a i r  humid i t y , l i gh t i n t e n s i t y ,  u i.l y  l e ng t h ,  c u r b o n  d io x i d e  c o n c en l r a t i on ,  

n u t r i e n t  a n J  wa t e r  s u p p l y a r e  c o n t r o l L ed au tomn L i c a l l y ,  w i t h d i u rna l 

c h a n g e H  i f  1 eq u i r ed . T h e  c u nd ! t l o n e c l  n i r  f r om d u c t i ng a l l ) n g  t h e  to p 

o r  e a c h  s l d 1· wa l l  p a s s L' S  u v � r  t h e p l n n t  t r o l l ey '; ami i s  T e r y c l ed 

L i l t  •HJg l l  :1 I <d s e  f l o u r 1. 0  t i l l' Jn d v i J  i J t L· t  y t' l l <J i ll i > L• r  a t  t i l l.' b a c k  , , r t • ; u • h r n ont . 
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The a i r  temp era ture can b e  con trol l ed ,  usually in the range - 1 0°C to 50°C 
0 ± 0 . 5  C .  A i r  r e l a t i v e  h um i d i ty i s  con t ro l l ed i n  terms o f  vapou r p r e s s u r e  

d e f ic i t  ( V . P . D . ) f rom 2 5 %  t o  9 5 %  r . h .  ± 5% . L i gh t i n tens i ty can b e  

c o n trol led f rom 90 W / m2 t o  1 9 0 W /m2 w i t h  l im i ted fac i l i t i es u p  to 

4 00 W/m2 w i th photosy n t h e t i ca l l y  ac t i v e  rad ia t io n  ( P . A . R .  a t  r ange 

4 00- 7 00 run) . S im i l a r l y  carbon d i ox i d e c a n  b e  co n t ro l l ed f rom 

a mb i en t to 9 00 ppm a nd f u l l y  au toma ted nu t r i e n t and wa t e r  i s  s uppl ied 

i ndep enden t l y  o r  i n  com b i na tion . 

The d i rec t dr i l l ing expe r i me n ts were  d e s i gn ed to u t i l i ze these 

f a c i l i t i es  for the i n ve s t i ga t i o n  of  so i l-a tmo s phere and d ir e c t 

d r i l l ed s e ed i n te rac t i o n s . D i r e c t d r i l l ed so i l  b locks were suppo r ted 

o n  s pe c i a l l y re-info rced t r o l l e y s  w l d. c h  wer e  whe e J  ed i n to the c l ima te  

r o ums , p r e- s e t t o  the r eq u i r ed cond i t i o n s . A max imum o f  3 s o i l b l o c k s  

cou ld b e  acc ommoda ted i n  each room a l  n ny o n e  t i me . 

2 . 2 . 1 3  C l ima t i c  Cond i t io n s  Dur i 1 1g Exper imen t s  

I t  w a s  though t a p p r o p r i a t e  to  t es t the d i r � c t d r i l l i ng coul ters 

i n  c U ma 1 l e  condi tions r e r r e s l:' n ta t ive of a d r y i ng and no n-d r y i ng regime . 

Th e tw o c o nd i t l o ns cho s l.:! n  w e r e  1varm-d r y , and warm-humid . R e f erence to 

h is t o r i ca l c l ima te r eco rd s for  regions of N . Z .  s ugges ted tha t such 
c o nd :l t io n s  h ave o f ten  been  found J u r L n g t h e  grow i.ng season in  Canterbury 

o r  O tago ( i n  the Sou th I s la nd )  a nd Nor thl and l n  t i l e  No r th I s land o f  

N ew Z ea l a ud res pec t i v e l y . !'to re p r ec i s e ly , for  exper i men ta l purpo s e s  

two evapo r a t ive cond i t i ons w e r e  s e l e c t ed i n  the c l ima t e l abora tory . 

Thes e were no rmal l y i n  each o f  two rooms , ( I n f ac t  the measu r ed 

p a r am e t e r s  were  9 2 . 4 / 9 5 . 1 % r . h .  d a y / ni g h t  and 5 4 . 6 / 6 1 . 2% r . h .  day / nigh t )  

9 0 / 9 5% r . h J a y / n i gh t  a nd 5 5 / 60 % r . h .  d ay / ni gh t w i t h  i d e n t i c a l  

t emp e r a t u r e  reg imes o f  2 2 / l 8°C d ay / n i g h L .  L i g h t  \va s k ep t  a t  a min imum 

of 70 W ( P . A . R . )  for 1 2  h o u r s  p e r  day . The r . h .  cond i ti o ns were 

equ iva l e n t to  a day / n i gh t wa ter  vapour de f i c i t ( V . P . D . )  of 1 2/ 8  day /  

nigh t i n  t h e  l ow r . h .  room and 2 / 1 day / n i gh t i n  h igh r . h .  room . 

The s e  ,. J ima tlc  c o nJ i t i on s  preva i h:d f r om t i l e  day th d r i l l ed so i l  

b lu cks were b ro ugh t i n  Lhe  J J ma t e  roo ll\s u n t i l  t h  s e ed l i ng emergenc e 

p l a te a u  was reached . 

2 . 2 . 1 4 Meas uremen t u f  the  S e ed a nt.l S eed l i ng P e r f o rmance 

Th e r es po nse o f  s e ed s to the impo s ed s o i l - c l ima te-ma c h i ne i n t e r-
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a c t i ons w as measu red i n  t e rms o f  s e ed l ing emergenc e ,  s eed f a t e  and p l a n t  

g row th . Whea t s eed l i ng s  were cons i d ered to h a v e  emerged when t h ey 

a pp eared above the ho r i zon t a l  p l ane o f  the ground s u r f ac e . Each 

t r e a bnen t w i t h i n  an exper imen t was r e pr e s en ted by 50 s eed s o f  9 8 . 4% 

po ten t ia l  g e rmina t ion . F r om d a y  5 wh""n th e s eed l ings u s ua l l y  s ta r ted 

emergi ng ,  d a i ly coun t s  o f  eme rgence were t aken u n ti l  the r a t e  o f  

em ergence had s tab i l i zed , usu a l ly o n  d ay 1 8  o r  1 9 .  

A t  t h e  end o f  d ay 1 9 ,  the s o i l  b l o c ks were r emoved f rom the c l ima t e  

rooms . I mmed i a t e l y  a f t e rw a r d s  the w h ea t plan t s  w e r e  harv e s t e d  a t  

g ro u nd l ev e l  and d ry ma t t e r  m ea s u r emen t s  were d e t ermi nec.l . I t  wa s 

though t tha t a f t er t h r e e  weeks whea t g row th ,  th e s eed i ng emergence 

v i go u r  and p e rhaps ear l y  es ta b J  i s hm e. n t wou l d  be r e f l ec t ed i n  v eg e ta t i v e  

r es ponses Lo the d e term i nan t s . I nd iv i d u a l  s eed f a te co u n t s , as 

o r i gi nal l y  exp l a i ned b y  Bak e r
( 6 ? )  

were d e t e rmi n ed a f ter t h e  soil b l o cks 

w e r e  r emo v ,�cl f rom the c l i 111a t e  r o oms . The purpo s e  of t h i s was to r el a te 

I he f a i l u n· o f  s eedJ j n g s  to e1ne r g e  ( " g e rm i na ted b u t u n e m e r g ed " )  

o t· s ee d s  t u  g e r mi na t e ( u ng e r m i na t ecl ) to o t h er ill e a s u r c d  p a rame ter s . 

l t l f'ach e x p l:' r i nw n t  L l l L' u n g e rm i. n a t ed .• weds and /o r  u n<!IIH.! r g e d  s eed l i ngs 
w e r e  l w r ve s t e cl w i L I 1  i.l h a nd s c o o p  ; mJ Lhe n u11 1b c r s  c o u n t ed a nd e x p rt.' !j s nl 

a s  a p e rc e n t o t  s o w n  s e ed s . 

The t o l l ow i ng t r eatm e n t ::;  w e. r v  t� u n s  i d e r ed :i m po r t a n t  to a t t a i n  

the o b j ec L l v e s  o f  t h j s  s L u J y ; 

( a )  T n j u a J s'u i I l l l < > i s t u r L:  C O i l l l' l l l  ( two l ev e l s ,  a d eq ua t e  a nd low) 

( b )  Amb i e n t c o n t r l > l l t::d r L: l a t i V L' h um i d i ty ranges ( two l ev e l s ,  

h :i. glt and low) 

( c ) M e t l tod of s e t::d c u v e r  ( B a r  h a r row i ng b e fo r e  p r e s s u r e  a p p l i c a t io n  

;,m d J f  t 0 r  p r es s ure ap p l i c a t ion) 

( d )  S o i l p r es s u r e i ntens i t i e s  ( Th r e e  J ev e l s , 0 ,  35 a nd 7 0  kPa) 

( e) Co u l t e r  ty pes ( Ch i s e l c ou l t e r , hoe c o u l t er a nd t r i ple d is c  

co u l t e r ) . 

Th i s  r e s u 1  t ed i n  a to t a ] o f  7 2 t r ea Lmen ts . 

Co ns t r a i n t s :  

The r e  w e r e  c e r ta i n  l i m i t at i o n s  imposed o n  the ex p e r imen tal des :i.gn 

due to the f a c i l i ti es a v a i l a b l e . 'J'h ..: s e  w e r e  as f o l lows : 



( i ) Th e r e  we re  a m a x imum o f  1 2  t i l lage b ins ava i l ab l e  a t  

a ny one t im e . 

4 5 . 

( i i )  Ther e wer e two c l imd t e rooms ava i l a b l e  a t  a ny o n e  t ime , 

a nd each room c o u J d  a c commo d a t e  3 so i l  blo cks  i n  thes e 

t i l l age b i ns . 

( i i i )  I n  ea c h so i l  b l o c k  a m a x i mum o f  three grooves a t  1 50 mm 

s p a c i ng c o u ld b e  J r awn to s i mu l a t e  f i e l d  cond i t ions a nd 

to avoid t h e  r i s k  o f  o n e  g roov e a f f ec t i ng the s o i l  i n  the 

adj a c e n t grooves . 

( iv )  B eca us e o f  t h e  poss i b l e i n terac t ions  o f  m ic ro-env i ro nmen t s  

b e tween t h e  i n- g roove soi l ,  i t  w a s  co ns i d e r ed impo r tant 

to use on l y  one  c o u l ter  ty pe  i n  each soil b lo c k . 

I n  t h e  presence o f  s uc h  pra c t i  c a .L .L i m i ta t i ons i t  was co n s i d e r ed 

d i f f ic u l t  to a t t emp t to c o m p a r e  a l l 7 2  t r e a tments  in  o n e  l a rg e  e x p e r­
llllel l L .  T h i s a l s o mea n t t h a t t h e  exper i men t co u ld no t be co nd uc ted 

w i th  l a r:-ge numb e r  o [  r e p l L c a t e s . 

I t  w a s , th e r e fo r e ,  J e c i d L·d tu d i v id e  the experim n ta l  programme 

i n to L1 s e p,l r a t e  e x p e r i m e n ts . Th e C O IH JW I:" i so n s  wi th i n  each o f  thes e 

e x p e r i me n l s  i nvo l v ed c u u l t e r  ty p e s , p r es s u r e  l. n t e ns i r i es a nd co n t ro l l ed 

r· e l a t i v e  h um i d i ty r es po ns e . Ench e x p e r i me n t  howev er  h agan a t  a 
d i f f e r e n t  so j J mo i s t u  e l ev e l a n d  i nvo l v ed a tl i f f er e n t me thod o f  g r o o v e  

cu v e r l ng n s fo l l ows : 

E x p er i m e n t  ( l a )  Low i n i t i a l s o i l mo i s tur e con t en t , a nd p r e s s i ng th e 

gro o v es a f t e r  b a t· h a r row i ng . 

( l b )  Low i n i t i a l  s o i l mo i. s t u r e  co n t ent  and p r ess i ng the  

s eed s i n t o  the  g ro o v e  ba s e b e f o r e  b a r  harrow ing . 

Exper imen t ( 2a )  H i gh i n i t i a l  s o i l mo i s ture c o n t e n t a nd press ing the  

g ro o v · s  a f t e r  ba r h a r row i ng . 

( 2b )  H i gh i n j  L i a J  so i I mo i s t u r e  c o n t e n t  a nd pres s i ng the 

s eeds  i n l o  t.l l e  g r u o v e  b a s e  be fo r e  bar  harrow i ng .  

I n  this  \vay each exp e r l nllc n l c o n s i s l ed o f  1 8  t r ea tm en t s  and w i th a 

to t a l  o f  4 r e p l i c a tes . Fo r e a c h  expe r i m e n t. 12  so i l b i ns were ex trac ted 

a t  each t i me . Each s u i l  b i n  was d r i J l ed w i th one c o u l t e r  type , w i th 

th r e e  p r e s s u r e  l ev e l  t r eil t m e n  ts randoml y  po s i  U o n ed i n  each hal f  o f  

t i l e  s o i l b i n .  Th i s  e f [  ' C t ive l y ga v e  2 r ep l i c a te s o f  pressure  t r ea tmen ts  

i n  each f u l l so i l  b i n .  [ n  t h i s  wa y 6 so i l  b i ns were d r i l l ed e a c h  

t .ime  and w e r e  i. mmed i a l e l y  c a r r j ecf i n to the c o n l ro l l ed c l ima t e  rooms 



i n  a manner tha t i n  ea c l 1  o [  t h e  t�vo rooms t h r e e  s o i l  b ins r ep r e s en t ed 

a ] l cou l t e r  types . Th i s  was c a l l ed a n  early repl i c a t e . Remaini ng 

6 b ins were ke p t  u nd e r  ra i n  c a no p i es to ma i n ta i n  p r e- d e t e rm ined mo is ture 

lev e l s .  Th es e s o i l  b i ns w � r e  d r i l l  d a f t e r  1 7  days a nd were sub s eq­

uen t l y c a r r i ed t o  th e c l i ma t e ruoms as d es c r i b ed abov e . This was 

cal l ed the l a t e  rep l i ca t e . Each tl 1n L:  the s o i l  b l o c k s  r ema ined in the 

c l ima t e  rooms un t i l  t h a t t i me wh e n po t � n t i a l  s e ed J i ng eme rgenc e had 

taken p l a n· . T h  i_s t ime per iod \vas u s ua l l y  J 7 day s . 

F i gure l shows 1 2  so n b i n s  d e p i c t i ng 1 8  trea tmen t var iab l es i n  

a s p l i t- r l o t  d e s i g n  f o r  ea c h  o f  4 e x p L! r i m e n t s . 

S e l.! us w e r e  suwr1  Li t a l 1 l )m i r w J i n t r a - row s p ac i ng o f  20 mrn u s i ng a 
( 8 6 )  v n L · u um s pac i ng s eed e r  d �.: s  i g 1 1ed  b y  C o p p  and l a t e r  mod i f i ed h y  

( 6 7 )  l)a k e r  . I n  ea c h  t n� iJ Ll l lL! I I L  a to t a l o f  5 0  s eed s w e r e  sown . 

2 . 2 . 1 6  Da ta Ana l y s i_ s  

I n  each o f  4 e x p e r i me n t s , L i l v r e  were th ree p l o t t r e a tmen t f a c to r s , 

v i z ;  co u l ter ty pes , c l i m a t L c l l l !m i d l ty c o n d i t ions and t ime r e p l i c a te . 

P r e s s u r e  i n te ns i t i e s  was  a s p l i t - p l o t f a c tor . A B urrough ' s  B 7 6 00 

comp t t  t e r  · o n  ta i n i ng a progr amme pack " XALEMA/TEDDYB EAR " wi th i n ' Ca nd e ' 

was u s ed L l  p e r fo nn a na l y s i s o r  v a r i a n c e  to U!s t l l 1 e  i n terac t ions  o f  

c o u l t e r  t y p e � , l i ma t .i c  ( ' Ll l l ci i t i o n s <.1 1 1d p r e s s u r e  .i. n t eus i t i e s  i n  t erms 

of s e ed l i ng t!mergenc. e  a nd s e ed f a t e  1 c r c e n t .  
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2 .  3 EXPERIMENT 1 :  I NTERACTI ONS BET\-IEEN D IRECT DRILL I NG COULTER 

DES I GNS , SEED , AND D RY SOIL UNDER CONTROLLED 

CLIMATI C COND I T I O NS . 

4 8 . 

2 . 3. 1  Exp e r imen t 1 ( a ) : P r e s s u r e  app l i ed over the cove red grooves  

Objec t i ves 

The p r i nc i p a l  o b j ec t iv e  of this s tudy was to d e t ermine t h e  

e f f e c ts o f  t h re e cou l t e r  ty pes a n d  cover i ng te c hniq ues o n  s eed l ing 

emergence o f  wh e a t  i n  a se l l  und e r  mo i s ture  s tr e s s . The exper imen t 

i nv o lved the a pp l i ca t io n  o f  wh ee l p re s s u r e  over the d r i l led grooves 

a f t e r  bar harrow i ng . The  t h r e e  p re s s u res  were 0 , 35 and 70 kPa. 

The p u r po s e  o f  a p p ly i ng p r e s s u r e \v�l s to p r e s s  the soil over t h e  

g rooves and t h us po s s ib l y , t o  improv e  L h e s eed-so i l  co n ta c t a r ea ,  wh i ch 

i n  t u r n  mi gh t  have b e e n  e xpe c t ed to a f f ec t t h e  so i l  l i q u id  mo i s ture 

; w a l l ab i l i L y  t o  the s e •d s . T h e  e x pe r imen t was conduc ted und e r  two 

con t r as t i ng c o n t ro l l ed c l i ma t i c  co nd i t i ons ( s ee s ec ti on 2 . 2 . 1 3 

and append i x  3 ) , the  p u r po s e  o f  w h i ch was to tes t the e f f l.' c t o f  con t r a s t­

i ng evapo ra t i ve regimes o n  t he l i q u i d  mo i s ture  C'on ten ts i n  the s eed 

m i c ro- e nv i ro nmen t ,  w h i c h i n  t u r n  m i gh t have b e  n exp ec t ed to i nf l u e n c e  

s eed g e nn i n . t l l o n  and s e ed J i n g eme r p; c ll C ' P ,  Temp e r a t ure var i a t ions i n  

t h e vic i n i ty o f  t h e  s e e d  w v r e  a l so m<}dsu red us J ng thermo c ou p l es . T h e  

s pe c i f i ca t i ons and raw d a ta o f  th i s e x r e r imen t a r e  g iv e n  i n  append i x  

( 3  & 4 ) . 

Res u l t s and Di s c u s s i o n 

( a )  S eed l i ng emergenc e 

Tab l e  1 s hows the  e ff e c t s  o f  c o u l ter  types , r e l a t i v e  hum i d i ty 

reg imes and p r es s ur e  ap p l l c a t i o n  o n  s e ed l ing emergence and s eed f a t e  

o f  the  d i rec t d r il l ed s e ed s i n  t h e  d ry so i l .  Ana l y s i s  o f  v a r i ance 

o f  ma in p l o ts  show tha t there were h i g h l y  s i gn i f i c a n t  d i f f erences  i n  

s eed l i ng p e r c e n tage , d u e  t o  co u l t e r ty pes . Th e c h i s e l  coul t e r  recorded 

the h i ghes t s e ed l i ng em e r g e n c e  f i gu r e  o f  59 . 3% ,  f o l lowed b y  t h e  hoe 

co u l t e r ( 1 6 . 1 % ) . The cl 1 1 e r g e n c e  coun t f o r  t h e  t r i p l e  d i s c  c o u l ter  was 

o n l y  1% . r n  Fac t the  o r d e r  o f  p r o b a b i l i ty o f  a J l d i f f e r  n c e s  was 

unus ua l l y h i gh a t  P = 0 . 00 1 . 



TABLE 1 

The e f fe c ts o f  coul ter typ e , app l i ed so i l  p r es sure over the cover ed g roove s and r ela tive humi d i ty l evels on s ee d l ing 

emergence and the s eed fate of d i r e c t  d r i l l e d  whea t s ee d s  i n  a d r y  s o i l  

Trea tmen t f a c tors 

( a ) Hain t r e a tmen ts 

Coul t e r  types ch i s el 

hoe 

t r i p l e  d i sc 

Re la tive humi di ty 

r e g imes LRH 

HRH 

Coul ter typ e  x r e la t i ve 

hum i d i ty i n t e r a c t i o ns 

( b) Sub - t r e a tmen ts No p r e s s ure 

35 kPa 

70 kP a 

Per cent s eed l ing emergenc e 

5 9 . 3  A 

1 6 . 1  B 

1 . 0 c 

2 1 . 8  a -

2 9 . 1  b 

NS 

2 5 . 4  a -

25 . 7  a 

2 5 . 3  a 

P e r c e n t  ungermina ted 

s e e d s  

2 3 . 8  L 

5 7 . 9  D 

2 7 . 0  L 

4 1 . 9 m 

30 . b l 

NS 

3 7 . 2  l -

3 5 . 7  I -

3 5 . 8  l -

P er c en t g e rmina ted 

but uneme r ged s e e d s  

1 7 . 0  D 

2 5 . 9  D 

7 1 . 8  E 

36 . 2  d 

4 0 . 2  d 

NS 

37 . 3  d 

3 8 . 9  d 

3 8 . 6  d 

Humi d i ty r e g imes x p r e s sure i n t era c t ions NS NS NS 

Cou l te r  types x p r es s ure i n terac t ions NS NS NS 

Unl ike l e t t ers in a group o f  columns show s i g n i f i ca n t  d i f f erenc e s , Cap i t a l s  

a t  ( P = 0 . 0 1 )  and sma l l  l e t t e r s  a t  ( P = 0 . 0 5 ) . -1'­
'-0 



5 0 . 

The co n tr a s t i ng rela t i ve humid i ty reg imes app eared to have had 

a s i gni f i c a n t  (P = 0 . 0 5 )  e f fec t on s eed l i ng emergence p ercen t .  Th e 

s ee d l i ng emergence mean o f  a l l  cou l ter  types was 2 1 . 8% i n  t h e  LRH 

r egime compared to a mean o f  29 . 1 %  i n  the HRH reg ime . There appeared 

to be no s ig n i f i cant  i n tera c ti ons however b e tween coul t e r  t y p e s  and 

the re l a t iv e  h umid i ty regimes . 

Tab le  1 a l s o  s hows the  e f f e c ts o f  appl i ed pre s s ures  over t h e  

cove red grooves in  the  sub- plo ts . Th ere appeared L o  b e  n o  s igni f ic an t  

d i f f e renc es  i n  s eed l i ng eme rgenc e as  a resul t o f  the  d i f f er en t 

p r es s u r e  lev e l s  fo r any co u l ter  ly pe a t  e i ther h u m i d i ty regim e . 

F i gs 2a & 2b show the ra tes o f  s e ed l i ng emergence as  a f f ec ted 

by coul ter  ty pes i n  the two re l a t i ve h umid i ty regime s . I t  appears 

t h a t th e overa l l  r a t e s  o f  s eed l i ng emergence , up  to thei r  r e s p ec t iv e  

p l a t eaus , were compa rab l e  b e tween co u l t ers  a t  bo th  humid i ty regimes . 

The p l a t eaus  appea r e d  to o c c u r  o n  day s  1 4  o r  1 5  f o r  the  c h i s e l  a nd 

hoe coul ters . W i t h  L h e  tr i p ] e d i sc  cou l ter no c l ear  p l a teau was  

o b s erved because  o f  t h e  l ow s e ed l i ng emergence coun t s  throughou t 

th e exp • r imen t a l  p e r i od .  l n  t he l RH r�gime the  c h i s el cou l t e r  

r a te  o f  s eed l i ng eme r g e n c e  a p p e a r  • d  i n i t i a l l y  ( d ay s 6 - 8 )  to b e  

g r ea t e r  than tha t o f  t h e  h o e  c o u J  I e r . A t  t h e  1-IRH r g ime however 

the i n i t ial ra te s  n E  s e  d J j n g 'me rgenc e  of th s e  two cou l t e r s  

appea red t o  b e l i t t l e d i f f e r en t .  

( b )  Ungerm i na t ed s eed s : 

Th ere a p p ea r ed L o  b e  a s l g nl f i c an t l y  ( P  = 0 . 0 1 )  h i gher 

numbe r  o f  ungerm i na t ed s eed s i n  L h l ·  ho e  cou L te r  grooves ( 5 7 . 9 % )  

compared t o  t h o s e  o f  b L h  L h e  c h i s e l  ( 2 3 . 8% )  and t h e  trip le  d i s c  

( 2 7 . 0% )  coul t er g r oo v e s  w h i c h w e r e  t h ems e ] ves  no t s i gni f i ca n t l y  

d i f f e re n t . 

As w i th the  c o u n ts o f  emerg ence , t h e  con tras t i ng rela t iv e  

h umid i ty regj mee appeared t o  have h a d  a s igni f icant  f f ec t o n  t h e  

numb e r  o f  ungermina t c l  s eeds . I n  Lhe  I JRH r • g i me t th er e �va s  a 

s t g n i f i ·an tly ( P  = O . O 'J )  l ow e r  numl er o f  ungermina ted s eeds ( 30 . 9 % )  

compared w i th t h e  I RH r e g i me ( 4 1 . 9 % ) . 
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P la t e  9 .  General view of s o i l  tur f b lock in c l imat e room P l a t e  l Oa . 
( d ay 1 7 )  

Typ i c al d ir ec t dr illed wheat s eedling emergence 
pat t ern in ini t ially dry soil ( d ay 1 7 ) ; sown w i th 
chisel coul ter . 



Plate l Ob . Typi cal direct  d r i l led wheat seedl ing emergence Plate l O c . 
p a t tern in init ially dry soil ( d ay 1 7 ) ; sown wi th 
ho e coul t er . 

Typ ical d i rec t d r illed wheat se�dling emergence 
p a t tern in ini t ially d ry soil ( day 1 7 ) ; sown wi th 
tT iple d i s c . 
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App l i ca ti o n  o f  p ressures apparent l y  had no s igni f icant e f f e c t s  

o n  t h e  number o f  ungermina ted s eed s . The i n t erac t ions b e tween pres s ur e  

level s ,  coul ter typ es and the con t ra s ting r e l a t ive hum id i ty regimes 

were no t s i gni f i can t . 

" 
( c) ''Germ ina ted b u t  unemerg ed s eeds 

From Tab l e  1 there appeared to be a s igni f i ca n tly ( P  = 0 . 0 1 )  

larger numb er o f  s eeds in the "germ i na t ed b u t  unemerged " ca tegory 

wi th the t r i p l e  d i s c  coul ter ( 7 1 . 8% )  in compar ison w i th b o th the chi s e l  

( 1 7 . 0%)  and h o e  ( 2 5 . 9 % )  coul ters . Th e numb er of "germ i na ted b u t  

unerrerged" seeds i n  the grooves o f  the c h i s el and ho e coul ters were no t 

s igni f ican t ly d i f f erent . 

The contras ting relative humi d i ty r e g imes appeared to have had 

no s igni f icant e f f ec ts on the numb ers of " germ ina ted b u t  unemerged" 

seed s . App l i c a t ion o f  the three intens i t i es of pres sures over the 

covered grooves also apparen t l y  had no s igni f i cant e f f e c t s  on the 

numb ers of " germina ted but unemerged" s e ed s . The interac t ions b e tween 

coul ter ty pes , rela tive humi d i ty reg imes and the pres s u r e  l evels were 

no t s igni f ican t .  

Summary o f  seed f a te 

The failure to promo te s eedling emergenc e by the t r i p l e  d i s c  

cou l t er appeared to b e  ref lec ted i n  a high number of seeds i n  the 

"ge rmina t ed b u t  unemerged " ca tegory . On the o ther hand the low 

per fo rmance o f  the hoe coul ter , in terms of s eed l ing emergence , app ear s 

to have b een r e f l ec ted in a h igh numb er o f  s eeds in the ungermina ted 

cat egory . 

No t unexpec tedly the lower numb er o f  ungermina ted seeds a t  the 

HRH regime compared to tha t a t  the LRH regime , was invers ely ref lec ted 

in the percen tages of emerged s eed l i ngs in th same rela tive humid i ty 

regimes . 

Plate 9 shows the general view o f  the t i l lage bins in a c l ima te 

labora tory on d ay 1 7 . P l a tes l Oa ,  l Ob and l Oc show typ ical s eed l ing 

emergence p a t terns from the grooves of the ch i s el , hoe and t r i p l e  

d i s c  coul ters . 



( d )  I n-groove so i l  mo i s ture  con ten t : 

The exp e riment s tar ted  a t  an average s o i l  mo i s ture con tent  o f  

1 7 % ( d . b . )  f o r  b o th the ch i s e l  and the h o e  cou l t er trea tmen ts , w i th 

5 5 . 

the t r i p l e  d i s c  coul ter grooves a t  1 9 % . I n  this experimen t s o i l  mo i s ture 

s am p l es were taken f rom the groov es at d ep ths of  0- 1 5  mm ,  1 5-30 nun 

and 30-4 5 mm . The p urpos e was to tes t the d i s t r i b u t io n  of  mo i s ture i n  

the i n-groove s o i l  p ro f i les . However ,  f rom the raw d a ta ( ap pendi x  3c) 

the r e  appea r ed to b e  no s igni f icant d if f e r ences i n  the l i q u i d  s o i l  

mo i s ture l ev e l s  a t  the s el ec ted dep ths i n  the grooves and a l l  d a t a  

a t  th e s e  d e p ths  w e r e  therefore  b ul ked a n d  are presented i n  the  f igures 

3a & 3b . 

F i g s . 3a & 3b show the i n-groove l iq u i d  so i l  mo i s ture content  

f ro m  days 3 to  1 5  i n  the  LRH and  HRH regimes . From these  f i gures 

it  a p pears tha t from days 3 to 1 2  th ere con tinued to be s igni f i cantly 

( P  0 . 0 5)  mo r e  mo i s ture i n  the  t r i p l e d i s c  grooves in  the LRH r e g im e  

than w i th t h e  c h i s e l  or  hoe co u l te r s . A f ter d ay 1 2  t h e  curves s eemed 

to c o nverge s l i gh tly . I n  the HRH regime the  triple  d i s c  coul ter may 

have also  ma i n t a i ned i ts ini t i al adva ti tage but trends were i nd i s t i nc t .  

The LR H regime appeared to produce  a somewha t lower overal l s o i l  

n\o i s  t u  r e  level w i th t h e  h o e  co u l t er i n  compar i son t o  t h e  HRH reg ime . 

The c h i s el and tr i p l e  d i sc coul ter g rooves how ver d i d  no t  appear 

to r e s pond as  much to  th e d i f f eren t  rela tive hum id i ty leve l s , al though 

th e i r  trend s  were s imi l a r to t ha t o f  the hoe ·ou l ter . 

I t  i s  pos s ib l e  t l la t some o f  t h e  apparen tly d r i e r  s o i l  i n  the  

c h i s e l  and h o e  cou l ter g rooves , comp a r ed to the groov es of  the triple 

d i s c  �oul ter  may have been due to  transp i r a t ion f rom the larger 

nUtnb er o f  emerg ed p lan t s  i n  the f ormer grooves ,  b u t  t h i s  was no t 

measured . I f  i ndeed the  t r i p l e  d i s c  g rooves contai ned mor e  mo i s ture 

i n  the l iq u i d  phase than the ch i s e l  and hoe coul ter grooves thi s  migh t 

have b een expec ted to b e  s een i n  the phy s i cal charac t e r i s t i cs o f  the 

grooves . V i s ua l  exam i na t i on s ugges ted that in th e so i l  alongs ide the 

nea tly cut t r ip l e  d is c  grooves it was l i kely tha t there were mor e  

unb roken cap i l l ary channe ls than i n  the v i ci n i ty of  the mor e  sha t t er ed 

grooves o £  the hoe an i c h i s e l  coul ters . I t  could b e  expec t ed tha t 

b ecaus e of th is , l iqu i d  mo i s ture would b e  more read i l y  tran s ferred 

to the  seed - s o i l  i n terface to imb i b e  the s eeds in th e tr i p l e  d i s c  

groove a t  an early s t age . C e r t a i n l y , a s  tab l e  1 shows tha t this  
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c o u l t e r  los t no t h i ng i n  g e r lll i na L i o n  c o u n t s b y  compar i s o n  w i t h t h e  

c h i s e l  c o u l t e r . Hmv e v e r  i t  a p p ea r eJ t h a t  this f a vo urab l e  mo i s -t u r e  

r e g i m e may h av e s ub s eq u e n t .l y  evapo ra ted f rom t h e  o th e rw i s e  expo s ed 

i n t e rna l s u r f a c e s  o f  t h e  L r l p l e  d i s c c o u l te r  g roove s . A we l l  d e f i n ed 

t h i n  l a y e r o f  d ry so i l \,/ il S no U c e a b l e  o n  the s u r fac e o f  the g roove 

wal l s  a f t e r  a f ew d a y s . Th :i s m a y  h : 1 v e  t h e n  a c t ed a s  a b a r r i e r  to 

f u r t h e r  mo ·i s t 1 1 r �, d i f f u s i o n f rom t i l e  s o i l  to t h e  s eed a f t er the l a t t e r  

5 7 . 

h ad germi na L eJ . }) ec a u s e  o f  th l s  p o s s i b l e  d e c r e a s i ng mo i s ture ava i l ab­

i l i t y ,  t h e s e  s e e d l i ng s  a p p a r en t l y  b e c a m e  d e s i c c a t ed a nd d i e d , as 

shown i n  t a b l e  l .  T h i s  h y p o t h e s i s  i s  f u r t h er s tr e ng th ened b y  the 

mea s u r ed ] u\v s e e d l i ng mo r t a J i t i e s  v1 i L h  t h e c h i s e l  a nd hoe c ou l t e r s , 

b y  compa r i s o n . H ow e v e r  i L  d o e s  nu l 1- , , L l y exp l a i n the a p p a r e n t l y  J ow e r  

l i q u i d  so i l  mo i s t u r e  J e v e l s  l n  L h e  ! a L t e r  two g ro o v e s  wh i ch nev e r t h e l e s s  

r «= s u l t ed i n  m a r k ed l y  h i g h L! r  s e eJ l i ng e m e r g e n c e  c o u n ts . P e r h a p s  L h e i r  

l oo s e  sed ] a n d / <) r  m u l c h  c ov e r  h e l p e d l' O n t a i n t h e  mo i s t u re i n  a v a po u r  

p h a s e  w i t h i n  t h «= s e  g r oo v es , a 1 t d  t i l l s  ma y h a v e b e e n  mo r e  r e a d i l y  

il va i l a b l e  to t h e  s e e d s  o r  S L" e d l i ng s , �.; v e n  a t  l ow e r  l i c[ l t i d  s o i l  mo i s t u r e  

c o n  L e n t s . La t e r  e x p e r i m �.; n  L s  l n t i t  i s  s t ud y so u g h t to exam i n e  t h e s e  

h y po t heses . 

T a b l e  2 s i iO\v S  t i l e  e r r e c l s  u l  l' < ) l l i t e r t y p <= , p r e S S i t r e  a p p l i c a t i o n 

o v e r t h e  c o v e r e d  g r o o v e s , a nd r e l a l i v L! h um i d i ty r e g i mes o n  nte a s u r ed 

s o i l i m p e d e n c e  o v e r  L h e  S L! e d s . A 1 1a I y s i s  o f  v a r  l a n c e  o f  t h e ma i n  

t r e a t me n t l· d c lo r s  i n  t i l e  mLl i n  p l o t s  s howed t h a t  there w e re n o  s .i g n i f ­

i c a n t  d i t  f e r e n  · e s  ( P  = 0 . 0 5 )  i > e L w e L' I l  c o u ]  t e r  t y p e s  i n  t h e e n e r gy 

e x p e nd i t u r e f o r  p en e t r a t i o n u C  L l l L· " mc;c han i c a ]  s eed l l 1 tg" t hrough t l t e  

s o i l s u r f a c e . T h «=  U n d , i l mv e v e r , 1va s  o f  h i g h e r  ( P  = 0 . 1 )  e n e r gy 

e x p e nd i t u r e w h e n  the l 1 u e  c u u J t e r  w a s  used a t  a n  average of 1 1 9 . 1  x 1 0-- JNrn 
c o m p a r e d  w i L h  t h o s e  o f  c l d s e l  c u l t l t e l- a t  a n  a v e r a g e  of 9 9 . 1  x l 0-

·1 Nm d n d  

t r i. p l e  d i s ..: · o u l t e r  a L  9 7 . 2  x 1 0 - -' Nm . 

T h e  c o n t ra s U n g r L! b l i v L' i l u m i d i L y r e g i mes a p pa r e n t l y  h a d  no 

s i g n i f i ca n t e f f e c t s on t h e • 1w r g y  e x p e n d e d  f o r  p e n e t r a t i o n .  

Tab l e  !.. a l s o s h o\.J s l l 1 e  e f f e c t s  l l L L i l t:: i t t t e n s i t i es o [  a p p .l i ed 

p r e s s u r e s  i n  t i l e  s u b - p l o t s . T h v t- L' < � p p ea r s L o b e  a s i g n i f i c a n t  ( 1:'  O . U 5 )  



TABLE 2 

Th e e f f ec t s o f  d i r e c t d r i l l ing c o u l t er typ e s , pres sure app l i ca tion over covered grooves , and r ela t iv e  h umi d i tv 

r eg imes on s o i l  impe d e n c e  in a d ry s o i l . 

T r ea tm e n t  f ac t o r s  

( a )  Ma i n  t r e a tm e n t s  

Cou l t e r  type c h i s e l  

no e 

t r i p l e  d i s c  

R e l a t iv e  humi d i rv 

r e �. im e s  LRH 

HRP. 

Co u l t e r  type x r e l a t iv e  humid i ty 

r eg ime i n t e r a �t ion 

( b )  sub- t r e a tm e n t s  

P r e s s ur e  i n t e n s i ty No p r e s su r e  

3 5  kP a 

7 0  kPa 

Energy exp e nd ed f o r  p ene t r a t io n  

( Nrr. x 1 0- :� )  

99 . j c 
-

1 1  9 .  l a -

9 7 . ::: a 
-

1 0 l . O a  -

1 09 . 2  a 

NS 

1 0 1 . 0  ab -

9 7 . 8  b 

1 2 6 . 9 a 

Coul t e r  t y p e  x p r e s s u r e  i n t er ac t i o n  N S  

Max imum f o r c e  

o f  p en e t r a t i on 

c· ) 

4 . 1  b 
- ? ' .) . _  D 

4 . 3 b 

L, . 6 b 

4 . 4 b 

N S  

4 . 9 lrr: -

3 . 7 m 

4 . 8 1 

NS 

Unl i k e  l e t t e r s  i n  a group o f  c o l umns s how s i g n i f i c a n t  d i f f erences a t  (P 

S h ear p o i n t  d i s tance 

(mm) 

1 6 . 6  cd 
-

9 . 3 d 

1 9 . <-+  c 
--

1 8 . 8  c -

l l  . 4 d 

NS 
-

1 4 . 6  r -

1 9 . 1  s 
-

l l .  5 r 

N S  

0 . O S ) 
\Jl 
00 
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i nc r ea s e  i n  t h e  ene rgy e x p e nd i t u r <..: f u r· pen <..: t ra t l o n  w h e n  p r es s u r es w e r e  

a p p l i ed a t  7 0  kPa c o m p a r e d  w i t h  0 o r  J )  k P a  p r es s u res . Th e energy 

exp ended f o r  p e n e t ra t i o n  <Jt 70 k Pa p r e s s u r e was 1 2 6 . 9  x 1 0- 3  Nm . There 

a p p eared to h e  a c o n s i s t e n t l y  s i  i g h t ,  t hLH t g h  i n s i g n i f i ca n t , d ec r ease 

i n  t he e n e r g y  exp ended a t  a p r J .i ed p r e s s r t r es o f  35  kPa (<:)7 . 8  x J 0
- 3 Nm ) 

1 f t i t  is was i nd e ed 

a t r u e  e f f ec t i t  i s  d i f f i c u .l t  to o f' f t: r  reasons f o r  i t .  P er h aps the 

u n p r e s s ed so l ]  u n d L� rwL" n t  s om e  l oo s e n i r tg  w i t h  35 kPa p re s s u r e  b u t 

r:- eq u i r ed a t  l ea s t 7 0  k P a  p r es s u r l:'  tn r L ' C otnpac t i t  to a s ta t e o f  

g n�a t e r  s t r:-e n g t h  t ha 1 1  L h C !  u nd i s t r r r h c:d s , J i l . 

Tab l e  2 a l so s hows t h e c:• f f L· c l s  t > l c O t t l t e r:- t y p e , p r es s u r e  

a p p l i ca Li o n  and L h e r <: l a t i v e l t um i d i L y r· , ·g irne o n  t h e  max i mum f o r c e  

r eq u i r eme n t  l ll r  p e n e l ra t l t > n  o l· t l t v  " nt L·c h a n i c a l  s e l:!d l i ng "  t h r o u g h  t h e  

s o i l  s u r f a c e . Th e r e  < i p put r'-'d L o  l > e  t lU  ::, i gn i f i ca n t  e f f e c t s  o f  c o u l t e r  

t y p e s  u n  t h e p e n e t r a t i o n  f , > r· c L: r '-'q u i r em c; r l t a nd a mea n p e n e t r a t i o n  

fo r ,: e  a · ro s s  a l  J c o u l t e r s  \v <1 S 4 .  'l N .  S i m i l a r l y , t l t e  c o n t r a s t i ng 

r:- e L a l i v e hurn i d i  t y  reg i mes l t i.l d t l i J s i g n i f i c a n t  e f f ec t s  o n  t h e  pe n e t ra t i o n 

f o r c e  r eq t t i r e nt l:' n  L .  T l t L' p < t t L L! r:- n s 1 l l ..J i I f e r e n c e s  \v e r e  s i mi lar  t o  t ho ::; o.:>  

o l  t h e  e n e r gy req u l r c:mL · n t s  d e s c r i i J ,�,J a bo v e . I nd eed t l t l s  \va s  to 

h e  expec t ed a s  L i t e  e n e r gy v x pe nd i Lt t r • ·  w <ts  L "a l c u l a t ed I ro1 1 1  the av e r a g e d  

p en e t r a t L o t t  f o c C L' m eas u r:- L:d . 

Tl t e  d i s t a nc e  o f  l l t L' s l t L! a r p o i r H I rom t h e s u r f <:t < ' L: a p p e a r ed l o  b e  

s i g n it i c a n t ] y ( P  = 0 . 0 5 )  g r ea L t· t · i n  t h e  t r i p ! '-' d i s c eroo v e s  (1 9 . 4  mm) 

compared w i t h L l w t  o f  t l t e h.> e c o u l  L e r:- g ro u v e s  ( 9 . '3 mm) . T h i s  

l a t t er d i s t a n c e  was no t s i g n H i L · ,J n t l y  d if f e r e n t  t h a n  t l l i.l t o f  t he 

c h i s e l  c o u l t e r  ( 1 6 . 6 mm ) . N L1 t t t n v x p e l· t ed l v ,  w i t h  a l 1 c o u ] t e r:- ty p e s , 

t h e  d i s t a n c e  o f  o c c u r:- r c: n • · e  o f  s h e a r  po i n t i nv e r:-s e l y  mi r ro r ed 

t h e  en egy and f o r c e  mea s u r L� I I le t l  t ::, .  Tl t e r e  a p p !:!a red to b e  s i g n i f i c a n t  

e f f e c t s  f rom t h e  c o n l r <is t i ng re L J L i v L· h t tm i d i t y  r egimes o n  t h e  d i s t a nc e s  

o f  t h e  o c c u r re n c e  o f  s l t i:!d r  po i t t l . s  I r o n t  t ht: s u r:- f a c e . T h e  mea n 

d i s t a n c e  o f  s h ea r po i n t  o ,: c u r r e l l l' l:' i r 1 L he I .R i l  reg i me was J 8 . 8 mm 

f rom the s o i l  s u r f a c t=  a nd L l l i s �v a !->  s i g n H i ,· u n t l y  ( P  = 0 . 0 5 )  

grea t e r  t h a n  tha t i n  ! ! R I !  r eg i 1 1 1e \vh i L' i r  was l l  . 4 mm . A n  a na l y s i s  

o t  v a r i a n c e  o f  t h e  s u b - p l u l s i nd i c a t t.!s t h < t l t h e re w e r e  s i g n i f i c a n t  

( P  = 0 . 0 5 )  d i f f e r e n c es i n LI H_, d i s l d t l c L' S  , > f L h e  s h ea r po i n t s  f t·om t h e  

s u r f ac e  a s  11 r e s u l t  o r  p r v s s u r L� a p p l i L· ct L L , J t l O V t! r  t h e  c o v e r eJ g r:-o o v e s . 

I t  a ppea r s  L ha t  t h l'  nwa n s h ect r p < > i n t ::,  , > c <: u r r ed a t  1 9 . 1 mm d e p t h a t  



a n  a p p l i ed p r es s u r e o f  J ')  k P a  a t l d  t h i s  w a s  s i g n i fi c an t l y ( P  = 0 . 05 )  

l a r ge r  t ha n  bo t h  1 Lt . 6 m m  a t  Z l ' I ' O  p r e s s 1 1 n.� ,  a nd 1 1 . 5 mm a t  70 k P a  

wh i c h w e re t h emse l v e s  nu t s i g n i f i c c � n t J y  d i f f e r e n t . 

60 . 

A n  e x a m i na t i o n o f  t i l L ! g r o o v L� S  s howed t h a t  t h e  ho e c o u l t e r  g roove 

w a s  c h a r a c t e r i s e d  b y  the q u a n U  L y  of J u o s e  s o i l  ( d u e t o  s ha t t e r i n g )  

c o m p a r ed w i t h t h e  mo r e  c l t: <.m l y  , · u t L r i p J e  d i s c c o u l t e r  g roove , a n d  t h e  

somew h a t  l tu l l uw na t u r e  , > f  t h e  g r o o v e s  o f  t h e c h i s e l  c o u l t e r . I t  i s  

p e r h ap s n u t s u r p r i s i ng t h L· r e f u r e  t h a t t h e " me c h a n i c a l  s e ed l i ng "  

e n c o u n t e r ed s l i gh t l y  h i g h �.: r p e n e l r iJ L i u n  r e s i s t a n c e  a n d  r eq ui r ed a 

l a r g e r  p e n e t r a t i o n  f o r c e  i n  L h e  h u L' c o 1 i l  t e r g r oove c o m p a red to t h o s e  

uf  the  c h i s e l  D nd t h e t r i p l e  d i s c c o u l t e r  g r o o v e s . T h e  o c c u r r e n c e  o f  

t h e  s h e a r  p o i n t s  a L  s l  i g h L l y  g r ea t e r d i s ta n c e s  f rom t h e  s u r f a c e  i n  t h e  

L R I I  r eg i me ,  c o tn p a r e d  t u  t i 10 s l· i_ n  L i t e  l l fUf r e g i me s ugge s t s  t h a t i n  t h e  

L R l l  r e g im �.: , tno n� r a p i d d r y i n g r a t e s ma y h a v e  i nc r e a s e d  t h e  so i l  s t c e ng t h  

o v e c  t h e s e t> J s , c o1 11 p a r e d  w i  L i t  t h e  ll1L) r L" mo i s t  s o i l su r f a c e  i n  t h e  H RH 

r e g i me . 

T h e  � 1 v v r n g e  e n e r g v  e x p e nd i t u r v f o e  p c n e t r a t i o n 1 n t h e  hoe c u u l  t t' r  

g r o o v e  w a s  a t  1 1 9 . 1  x I 0- 3 Nrn . \� h e l l  t h i s  f i g u r e  i s  c e J a L ed t o  t he 

" m e c h a n i c: il l s e e d l i ng " d i <.l l lte t l! r  ( < · o n e  d i ame t e r  o f  2mm ) a n d  t h e  t o t a l  

d i s t a n c e t r a v e l l ed ( 38 1 1 1 1 1 1 ) t h e  i l V t.· r a g c  p e n e t r a t i o n  p c es s u c e  r e q u i r e me n t 

w a s  9 . 9 7  b a cs . S i m i LJ r l y ,  t l t e  a v e r a g e  p e n l! t r a t i o n  p r e s s u r es l n  t h e  

c h i se l a n d  t r i p l e  d i � c  n H d t e r  g ro o v e s  w e r e  8 . 3  a nd 8 . 1 4 b a c s  

" ( 2 5 )  
c e s p e c t i v e l y .  l a y J o r  .� 1 <� l .  ha d no t ed t h a t  s o i l r e�; i s t a n c e  t o  

p e ne t r a t i o n  o f  u p  t o  7 h .;;� r s  l 1 a d  l j t LJ e  o r  n o  e f f e c t o n  c e rea l s e ed l i ng 

e m e r g e n c e . l L  a p pea r s  L l t a t  L h L� p e ne L r a t i o n r e s i s t a nc e s  i n  t h j s s t u d y  

w e r e  s l i g h L l y  l t l g h e c  l l �< l l l  t l te  L' r i t i c a l  f i g u t· e  o f  Tay J o r . Howev e r  

t h e  r ead i n)!, s i n  t h i s  s L t � d y  a r e  w i t l t i  1 1  t h e  no n 1 i m i t i ng r a ng e  s ugg e s  L ed 

b y  H u g h e s  c? /, c1 Z . ( g O ) . T l k s e  a u t ho rs s u gg e s t ed t h a t  s eed l i ng 

eme r g e n c e  o f  commo n b t! r n u td a g r n s s  a nd \v e e p i n g  L o v eg r a s s  was no t 

c ed u c ed b y  i nd e n t a t i o n  p c n e t r , ) m e t e r r e s i s t a n c e u p  t o l l  b a r s  i n  a 

s o i l  w i t h  56% c J a y . l n  t h le! p r e s e n t s t l l d y , v i s ua l e x a m i na t i o n  o f  t h e  

eme r g e d  a n d  u neme r g e d  S l� e J l i ng s  f r um L I H:' g r oo v e s o n  d a y  1 8  f a i l ed t o  

r ev e a l a n y  e f f e � t s wl l i c h  m i g h t  b L! a t L d bu ta b l e  to  so i l  r es i s t a n c e . 

F i g .  Lt s l 1 0 w s  L y p i u 1 l  g r u o V L ' s  o f  t i l e  c h i s e l , ho e a n d  t c i p l e  

d i SC C O t  I ]  t t.' l" S . i t  a l s o s l t uws L v p i c ; i l a r e a s  u f  t h e  C t t cv e s  d e p i c t i ng 

L l l e  e ne r g y  e x pc nd i L 1 1 c e  d t td t i l L· n w x i ll l l l l l l  f o n: e  r eq u i c em e n t s  a t  s h ea r  
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F i g u r e  4 .  Tv p i c a l p e P e t r a t i o n  f o r c e  a nd t h e  e P e r g y  e x p e n d e d  ( a r e a  u nd e r  c u rv e s )  ob ta i ne d  b v  

the " m e c h an i c a l  s eed l i ng " i n  thr e e  t v p e s  o f  c o u l t e r . 

0'\ 



po i n t s  f o r  e a c h  c o u J t t: r . 

( f ) I n-groo v e  so i I_ L et : t p e r a  l . 1 1  r e : 

6 2 . 

Ta b l e  3 s hows t l t e  e f f e c t s o f  ( ' u u l l. e r  t y p e s , r e l a t i v e hum id i ty 

r e g i mes and p r es s u r e s a p p l i e d o v e r  t h e c o v e r ed g r o o v e s  o n  t h e  i n- groove 

s o i l  temp e r a t u r e s  a t  t h e  c o n t ro l l ed d a y / n i g h t t empe r a t u r e  o f  2 2 / 1 8
°

C .  

T h e r 2  a p p ea red t o  b e  no s i g n i f i c a n t d i f f e r e n c e s  i n  the d ay - t ime 

t em p e r a  t u  r e s  b e t w e e n  t h e  c l t  i s e J  and hue c o t t l t e r  g rooves . I n  t h e  

t r i p l e  d i s c  co u l t e r  g r u o v e s  ( 2 4 . 4  °C) , t h e  t em p er a t u  re w a s  s ig n i f i c ­

a n t l y  ( P  = () . 0 5 )  h i gl w r  t h a n  i n  t h e  c l d s el ( 2 3 . 5
°

C )  and h o e  ( 2 3 . 6
°

C )  

c o u l t e r  g ro o v e s . 

Th e n "  w e r e  a p p a r e t t t l y s i g n i f i nt n t  e f f e c t s  d u e  to t h e  co n t r a s U ng 

r e l a U v e h um i d i t y reg i m t..!s o n  t l t v  d ay - t i me i n- g roove t em p e r a t u r e s . 

1 n t h e H R H  r t..! )! ) me ,  t h e  d a y - t i me i n- g r o o v e  t em p e r a ture w a s  24 . 5°C a n d  

t h i s w a s  s i g n i f i c a n t l y  (P  = ( ) . 0 5 )  h i g h e r t ha n  i n  t h e  L R H  r e g im e  

( 2 3 . 2
°

C ) . 

T h e  i n t e r u c  L i o n s  b e  t w e l.! P  t h e  C( l t d  t e r  ty p es a nd t he r e l a t i v e  

l 1 1 un i cl i t y r e g i mes w e r e  s i g n i f i c a n t  a t  1 %  p r o b ab i l i ty l e v e L  

Tab l e  L, s l tows t h e s e  i n t e t· a c t i o t lS . J n  t h e LRH r e g i me ,  d a y- t i m e  

i n- g r o o v e  t empe ra t u r e s  o f  L i t e  t r i p l e d i s c  c o u l t e r  w e r e  s i g n i f i c a n t l y  

( P  = O . O l )  h i g h e r  t i t a n  i n  t h e  c h i s e l  and h o e  co u l t e r g ro o v e s w h i c h  

w e r e  i n  t h ems e l v e s  no t s i g n i f i c a n t l y  d i f f e r e n t .  The i n- g r o o v e  

t empe r a t u re o f  t lw t r i p l e d i s c co u l t �· r was s i gn i f i c a n t l y  (P  = 0 . 0 1 )  
h i gh e r  t h a n  t h e  c o n t r o l l ed am b i e n t  t e mp e r a t u r e o f  2 2

°
C .  How e v e r  

t h e  c h i s e l  a n d  h u e  co u l t e r s  i n- g r o o v e  t emp e r a t u r e s w e r e  no t s i g n i f i c ­

a n t l y d i f f e re n t t h a n  t h e  c o n t ro l l ed a m b i e n t  t e m p e r a t u r e . 

I n  th e I !  RH r eg i me , t l t e  t n - g roo v e  d a y - t1 me t empe r a t u r e s  w e r e  

no t s i g n i f i c a n t l y  d i f f e r L· n L  i n  a n y  l ' < )U I t e r  g r oo v e . How e v e r  t h es e 

t em p er a tu res we r e  s i g n i f i c a n t l y  ( P  = 0 . 0 1 ) h i g h e r  t h a n  the c o n t ro l l ed 

a mb i e n t  t empera t u r e . 

R e l a t i v e l y h i gh e r  d a y - t i m t:  l e ntp e r a t t t r es i n  t h e  t r i p l e d i s c  

g r oo v e s  w e r e  no t u n e x p e c t ed , a s  L i t e  S l! ed - s o i ] i n t e r f a c e  ( w h e r e  

mea s u remen t s  w e r e t a k e n )  w a s  u s 1 t a l l y  e x p o s ed t o  d i r ec t r ad i a t io n 

b e c a u s e  o f  t h e  l a c k  o f  S t<ecl  L:o v e r  d i s c u s s ed ea r l i er .  



6 3 .  

TA B L E  3 

T h e  e f f ec t s  o f  c o u l t e r  t y p e ,  r e J a t i v e l 1 1 1 m i d i t y r eg i m es a n d  p r essu r es 

a p p J  i ed o v e r  the co v e red g r o o v e s  o n  t l w  i n - g r o o v e  so i l  t em p e r a t u r e s  

a t  c o n t r o l l ed d ay / n i gh t  t em p e r a t u r e  o f  2 2 / 1 8°
C 

T r ea t me n t  f a c t o r s  

( a )  ma i n  t r ea tmen t s  ( CO )  1 1 1 - g r o o v e  t e m p e r a  t u  r e  

- - - - - ---- - - -- - __ _ __ _ _ _ _ _ . · - __ 1�1.2'_-_ t i�n e _ _ _ _ ___ _ _____ __ _ 
N i gh t - t i m��- -

__ _ 

Co u l t e r  t y p e s  

C h i s e l  

hoe 

t r i p l e  d i s c 

R e l  a l i v e h um i d i ty r e g i m e s  

L R H  

H RH 

2J .  5 b 

2 :3 . 6  h 

2 4 . 4  � 

2 '3 . 2  h 
2 4 . 5  a 

Co u l l e  r l y p e x re L.1 l i v e l 1 1 u1 1  i d i t y 

i n t e r ac t i o n 

( b )  S u b - t r e a tme n t  

P r e s s u r e  i n te ns l t i e s 

No p r e s s u r .; 

3 5  kPa 

70 kPa 

:L .l. 9 ! J  

2 '3 . 8  b 

2 3 . 9  b 

2 1  . 6 1 

2 1 . 8 1 

2 1 . 7 1 

2 1 . 2  1 

2 2 . 3  k 

N S  

2 1 . 7  1 

2 1 . 7  1 

2 1 . 7  1 

U n l i ke l e t t e r s  l n  a g r u u p  u l' c o l t l lnns s h o w  u s i g n i f i c a n t  d i f f er enc e a t  

( P  � 0 . 0 5 )  

- - -------------- . - --· - - -- - - - - - - - - --------------------



TABL E  4 

TI1 e  ef f ec t s  o f  c ou l t e r  t y pes a nd r e l a t i ve hum id i ty r egimes o n  the 

in-g roove d ay - t i me t emp e r a t u re at c o n t r o l l ed day- time temp era t ure o f  

2 2°C ( i n te rac t io ns )  

I n- g r:oove t emper a t ure i n  C0 

6 4 . 

Rel a t iv e  humi d i t y  

regi mes 
_ _ ___ _ _ 

C_o_u_] __ t_e_r 
__ 

t..__y_,_p_e_s 
_________ _ 

LRH 

HRH 

Con t r:o l l ed d ay- t ime 

tempera tu r e  

C h i s e l  

2 2 . 7  B 

24 . 4  A 

2 2  B 

Ho e 

2 2 . 5  B 

24 . 7  A 

22  B 

Tr i p l e  d is c  

24 . 4  A 

24 . 5  A 

2 2 B 

U n U k e  l e t t e r s  s h ow s i g n i f i c a n t d i f f e r e t � c e s  a t  ( P  = 0 . 0 1 )  

N S  = no t s i gn i f i c a n t a t _ ( P= _Q_:_C�_52_ _ _ _ _ _ _ _  - ----- - - -- -----------

Tab l e  3 u l so s how s t h e  a n a l y s i s  o f  va r:-i a n c e  i n  th e s u b - p l o t s . 

Th e r e  a p p ea r:ed t o  b e  no s i g n i f  i c a n l J i r f e r e nc es i n  t h e day- t ime i n-groove 

t empe r a t u r e s  d t l e  t o  t h r e e  i l l t e n s i  t i t ·s  o f  a p p l i ed p r e s s u r es over  t h e  

cove red grooves . 

Tab l e  3 a l so sh o\vs r h e e f t cc l s  D l  o u l t e r  ty pes , r e l a t i v e  h um i d i ty 

reg i mes and a p r l i cd p r e s s u r: e s  o n  L l l .._, i n-g r: oo ve n i g h t - t ime t emp e r a t u r e . 

Th e re a p pe a r eJ tu b e  no s i g n i f i c a t l l  d i f f e r e n c e s  i n the n i gh t- t i me t emp­

e r: a t ur e  in any of t h e  t h r e e  C l l u l t L� r  L y p t:  g roov e s . H owe v e r  a mean o f  

2 1 . 7 °C t em p e r a t u r e  was s i g n i f i c a n t l y  ( P  = 0 . 0 1 ) h i g h e r  t h a n t h e  

c o n t ro l l ed amb i e n t  n i gh L t L�lll p e r a t u r e  , ) f l i:l° C .  

The con t ra s t i ng r e l a t i v e  h t 1 nd d i L y r e g ime s had a s i g n i f i c a n t e f f e c t 

o n  t h e  i n-groo v e n i gh t- t i me t erll p t· r a t u r e . I n  t h e  HKI-l reg ime , ( 2 2 . 3° C ) , 

t h e n i gh t  t i me t e mpe r a t u r e was s i g n i f l c a 11 t l y  ( P  = 0 . 05 )  h i g h e r  t h a n  i n  

t h e  L R I I  r e g ime ( 2 1  . 2
°

C )  . 

The re a p p e a r ed t o be nu s i g n if i c a n t  i n t e r a c t io n s  b e tween c o u l t e r t y pe s  

a nd t h e  r e l a t i v e hum i d i t y  reg i m e s  i n  t e rms o f  t h e  n i gh t- t ime tempe r a t u r e . 

Ana l y s is o f  v a r i a nc e  i n  t he s t 1 ! J - p l u t s  s hows t ha t  t h e re we re no 

s i gn i f ic a n t  d i f f e r e n c e s  i n  t he n i g h t - t i me i n- g roove ,tempera t u r e  d u e  to 

t h re e i n t e ns i L i es o f  a p p l l ed p r e s s u r L!S o v e r  t h e c o v er ed g roove s . 

l t  is l i k e l y  t h a t t em p e r a l t J r e  c h a ng e s  c o u l d  ha ve h a d  o n l y  m i no r:  

d i rec t e f f e c t s  o n  g e r m i na U o n  a s  t he y  w e r e  a t  a l l  t i mes wi th i n  t h e  

o p t i ma l  ra nge f o r  whea t s eed . 
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2 .  3 .  2 Exp e r i ment  I ( b ) : P r e s S 1 1 r e  a p p l i ed d i rec t ly over the  s eed s 

b e f o r e  cov e r i ng 

Objec t i ves : 

Thi s  ex pe r im e n t was d e s i g n ed to t e s t t h e  e f f ec ts o f  three  

d i f f e r e n t  co u l t e r  t y p e s  on s e ed l i ng en1er g e n c e  o f  whea t i n  a s o i l  

u n d e r  mo i s tu re s tr e s s . S e e d s  were d i r e c t l y  p r es s ed i n  each coul ter  

groove at  p re s s u r e s  of  0 ,  3 5  a nd 7 0  k P a  u s i ng espec i al ly d e s igned 

wh e e l s  for  the hoe and t r i p l e d i s c  c o u l t e r s a nd a s l id ing p r e s s  

mecha n i sm f o r  t h e  chi s e l  cou l t e r  g ro o v e . I n  a l l o ther respec t s  

exp e r iment l ( b )  was i d en t i c a l t o  ex pe r imen t l ( a ) . The s p ec i f i ca t io n s  

a n d  r a w  da ta a r e  g i v e n  i n  a p p e nd i x ( 5 a , b ) . 

R es u l t s  and d is c u s s i o n  

( a )  S eed l i ng emergen e 

Tab l e  5 shows t h e e f f e c t s  o f  c o u l t e r  t y p e s , r e l a t i ve h u m i d i ty 

r eg imes a nd p r e s s u r e  a p p l i c a t i o n  o n  s eed l i ng emergenc e  and s eed f a t e  

o f  t h e  d i rec t d d l l ed seeds . A na l y s i s  o f  v a r iance o f  t h e  ma i n  p l o t s 

shows tha t t h e r e  w e r e  h ig h l y s ign i f i ca n t  d i f f e r e n c es i n  s e ed l i n g  

eme r g e n c e  percen tage d u e  t o  c o u l t e r  t y p es . As i n  exper imen t  ] ( a ) , 

t h e  s i gn i f i c a n c e  o rd er o f  p ro b a b i l i t y wa s unusua l l y h i B h  ( P  = 0 . 00 1 ) . 

The c h i s e l  co u l t e r  p ro mu t ed t h e  h i g h e s t s e ed l i ng eme r g e n c e  ( 5 7 . 5% ) , a n d  

t h i s  was s i gn i f i c an t l y h i ? h e r  t h a n  t· h e  hoe c o u l te r  ( 4 6 . 3%) . The 

f i g u r e  f o r  the t r i p l e  d i s c  c o u l t e r  w a s  1 9 . 8% a nd t h i s  was s ig n i f i c a n t l y  

lower than t h e  ho e and c h i s e l  cou l l e r s . 

The c on tr a s t i ng r e l a r i ve h u m i d i t y reg i me s  had si gn i f ican t ( P  = 0 . 0 1 )  

e f f e c t s o n  s e ed l in g  em e r g e n c e  coun t s . Th e mean s e ed l ing emerg e n c e  o f  

a l l  coul ter  ty p e s  i n  t h e  H R H  r eg i me ( 4 8 . 0% )  was s ig n i f i can t ly 

( P  = 0 :0 1 ) h ig h e r  than t h t=  c o m pa r a b l e  f i g u r e  i n  t he LRH r egime ( 34 .  3 % ) . 

The i n t er a c t i o ns ( r e l a t i v e  h um i d i t y x cou l t er types ) w e r e  no t 

s i g n i f i ca n t howev e r . 

Ta b l e  5 a l so l i s t s t h e  e ff e c t s o f  a p p l i t�d soi l p r essure o v e r  

t he u nc o v e r ed s eed s as s u b - p l o t  d a t u . T h e r e  a p p ea r ed to b e  s ig ni f i ca n t  

( P  = 0 . 0 5 )  e f f ec t s  o f  a p )J l i �d p r ess l l r es o n  s eed l i ng emerge nc e . 



TABLE 5 

The ef f ec t s  o f  coul ter  type , app l i ed pressure over uncovered s eeds , and rela tive humid i tv l evels , on s e ed l ing emerg ence 

and s eed fa te of d i r e c t  d r i l l ed wh ea t in  a d ry s o i l  

Trea tment fac tors Percent s ee d l ing emer g ence 

( a ) Ma in trea tmen ts 

Coul ter types 

Rela tive humid i ty 

regimes 

Chi s e l  

Hoe 

Triple  d is c  

LRH 

HRH 

Coul t er type x humid i ty 

i n t erac t ion 

( b )  S ub- trea tmen t 

Pressure i n t ens i t i es 

No pr es sure 

35 kPa 

70 kPa 

Coul t er types x Pressure I n t erac tion 

Humid i ty x pres sure in terac tion 

5 7 . 5  A 

46 . 3  B 

1 9 . 8  c 

34 . 3  A 

4 8 . 0  B 

NS 

29 . 8  a 

4 3 . 4  b 

50 . 3  c 

NS 

NS 

Percent Ung ermina ted s eeds 

1 2 . 7  _g_ 
3 5 . 4  R 

8 .  7 () 

2 2 . 4  _g_ 
l L. . 6 R 

NS 

29  . 9 .9. 
1 3 . 0  r 
1 3 . 5  r 

NS 

NS 

Unlike l e t t ers i n  a group show s igni f i cant d i f f er en c es , c api tals ( P  0 .  0 1 )  

smal l  l e t ters ( P  = 0 . 0 5 )  

P er c en t g ermi nated but 
unemerg ed seeds 

29 . 6  M 

1 8 . 5  :t\ 

1 1 . 5 L 

4 2 . 5  L 

3 7 . 1  M 

NS 

40 . 1  lm 

4 3 . 4  m 
36 . 0  1 

NS 

NS 

"' 
"' 
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S eed l i ng eme r g e n c e  w a s  l ow es t w h e n  no p r e s s u r e  was ap p l i ed ( 29 . 8% ) . 

A t  3 5  kPa p r e s s u re , seed l i ng eme rgence coun ts  i nc r e a s ed s ig n i f i can t l y  

( P  = 0 . 0 5 )  t o  4 3 . 4 % . Wh e r e  p r e s s u r e s  o f  7 0  kPa w e r e  a p p l i ed , 

s e ed l i ng eme r genc e WHS f u r t h e r  i nc reased s i gni f i can t l y  ( P = 0 . 05 )  

t o  5 0 . 3% compa r ed w i t h  t h e  c o u n t s a t  0 and 3 5  kPa . 

Th e r e  w e r e  no s i gn i f i c a n t i n t e rac t i ons be tween , o n  t he one  hand , 

c o u l t e r  t y p e s  and p r es s u r e l e v e l s ,  a nd o n  the  o t her hand , humi d i ty 

r e g i m es and p r e s s u r e  l ev e l s .  

F i gs .  Sa & Sb s how L h e ra t e s  o f  s e ed l i ng emergence a nd t h e  

mag n i t ud e s o f  f i na l  s e ed l i ng eme r g e n c e  a s  af f ec t ed by c o u l t e r  t y p es 

a nd p r e ss u r e i n t en s i t l es i n  bo t h  t h e I � H  a nd HRH reg imes . I t  

a p p ea r s  t l ld l t h e  ov e r a l l r a t e s  o f  s e ed l i ng emerg en c e u p  to  t h e i r  

r e s p e c t i v e p l a t e aus we r e  c o m p a r a b l e  w i t h a l l cou l t e rs i n  bo t h  

h um i d i t y r e g i mes . Th e p l a t ea u s a p p e a r ed t o  occ u r  o n  d a y s  1 4  o r  

1 5  f o r  mos t t r ea tmen t s  i n  t h e LJ{H r eg i me . I n  the HRH r eg ime , 

t h e  p la t e au s a p p ea r ed L o b e  s l i g h t l y  ea r li e r o n  d ay s 1 2  or 1 3 .  

( b ) U ng e r m i na t ed . s ,�ed s 

From Ta b l e  5 t h e r e  H p p e a t- eJ L u  b e  a s i g n l f i c c.t n t l y  ( P  = 0 . 0 1 )  

h i gh e r  numb e r  o f ungerm i na t ed s e ed s i n  t l t e  hoe c a u l  t e r  g r ooves 

( 3 5 . 4 % )  c ompa r ed to t h o s e  i n  t h e  c h i s e l  ( 1 2 . 7 % )  a nd t r i p l e d i s c  
( 8 . 7 % )  co u l t e r  g roov es . T h e  n u mb e r s  o f  u nge rmi na t ed s eeds i n  t h e  

c h i s e l  and t r i p l e d i s c co u l t e r  g r oo v e s  w e r e  no t s i g n i f i c a n t l y  

d i f f e r e n t .  

Th e c o n t ras t i ng re l a t i v e  h um i d i t y  r eg i me s  appeared t o  have 

s i gni f i ca n t l y  af fec t ed the numb e r o f  u n g e rm i na t ed seeds . I n  t h e  

HRH r eg im e , t h e r e  w e r e  s i g n i  f i c a n  t l _ y ( P  = 0 .  0 L )  l ower numb ers o f  

ungerm i na t ed s eed s ( 1 4 . 6% )  t h a n i n  t h e LRH r eg i m e  ( 2 2 . 4% ) , 

Appl ica t i on  of p r e s s u r es a t  t h e  th ree i n t ens i t i es a l so r esul ted 

i n  s i gn i f i ca n t ly ( P  = 0 . 0 5 )  r e d u c ed numb e r s  o f  ungerm i na t ed seeds 

in s ome s i tua t io n s . At  z e ro p r e s s u r e , t h ere were  29 . 9 % ungerm i na ted 

s eeds a nd t h i s  was s i gn i f i c a n t l y ( P  = 0 . 0 5 )  h i ghe r t han bo th  o f  

t h e  c o r r e s pond i ng c u u n t s  a t  3 5  k Pa ( l 3 . l l% ) and 7 0  kPa ( 1 3 . 5%) , 

wh i c h  w e r e  t h emse l v e s  no t s i g n i f i c a n t l y  d i f f er e n t . 



8 0 of h 
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( c )  

Tab l e  5 a l so s hows t h e  p e rcen t ages o f  "ge rm i na ted bu t unemerged" 

s e e d s . Th�re a p p ea r ed to b e  a s i g n i f i can t l y  (P = 0 . 0 1 ) l a rger 

number of s eeds i n  the " g e rm i na ted bu t uneme rged" ca tego r y  w i th  

the t r i p l e  d i s c  co u l t e r  ( 7 1 . 5% )  in  compa r i son w i th the  c h is e l  cou l t e r  

( 29 . 6% )  w h i c h was i ts e l f s i g n i f i c a n t l y  l a rg e r  ( P  = 0 . 0 1 )  t h a n  

t h e  h o e  c o u l t e r  ( 1 8 . 5% ) . 

The co n t ras t i ng r e l a t i v e  l l l m l i d i. ty reg i me s  a p p eared to  have 

s i gn i f i c a n t  (P = 0 . 0 1 )  e f fec ts on t h e  n umb e r  of "germ i na t ed bu t 

unemerged" s ee d s . I n  t h e  H R H  reg i me ,  t h e  numb er  of  " ge r m i na ted b u t 

unemer ged " s eeds ( 3 7 . 1 % ) we r� s i gn i f i can t l y  ( P  = 0 . 0 1 )  lower tha n 

those i n  t h e  T. RH reg i me ( 4 2 . 5% ) . 

Th e a na l y s i s  o f  vad a nce o f  t h e  sub- p l o t da ta shows t ha t t h e  

a p p l i ed p r e s s u r e  o f  7 0  k Pa s i g n i f i c a n t l y  ( P  = 0 . 05) dec r ea s ed the  

numb er  of  " g e rm i na t ed b u t uneme rgeJ " s eed l i ngs  t o  36% compa r ed wi th 

4 3 . 4 % f rom 3 5  kPa p r e s s u r e . The numb e r  of " g e rm i na t ed bu t uneme rged " 

s e eds f rom :t e r o p r e ss u re was 4 0 . 1 %  b u t  t h i s  was no t s i gn i f i can t l y  

d i f f er e n t t ha n  t h e  coun t s  f rom e i t h e r  3 5 k P a  o r  70 kPa . 

S umma ry o f  s eed f a t e : 

A s  i n  exper imen t I ( a ) , t h e  r n J l u re  o f  s e ed l ings to  emerge 

f rom the g rooves of t h e  tr i p l e d i s c c o u l t e r  a p p ears to h a v e  

b een r e f l ec t ed in  a h i gher p e r c e n t a ge of  " ge rm j na ted b u t uneme rged" 

s eeds . By con t r as t ,  the  com p a r a t i v e l y  l ow p e r f o rman c e  o f  t he hoe 

co u l t e r , i n  terms o f  seed l i ng em� rgen ce , w.gs  m i r rored i n  a h igh 

p e r cen tage of ungerm i na t ed seed s . No t sur p r i s i ngly , the l ower  

numbers  o f  ungerm i na ted a nd " r.e rm i na ted b u t  unemerged" s eeds in  

the  H R H  reg ime comp a r ed w i t h  t h o s e  i n  t h e  L R H  r eg i me i nv e rs e l y  

m i r ror ed t h e  h i gh e r  p e r c en tage o f  s eed l i ng eme rgenc e i n  t h e  HRH regime . 

A p p l i c a t ion  o f  p r essu res a t  r h  t h r e e  i n t ens i t i es d i r ec t l y  

o v e r  the  uncove r ed s eed s a p pea r s  t o  have s j g n i f i ca n t l y  d e c reased 

the numb e r  of the u ng e rm i na t ed a nJ " g e rm i na t ed bu t u n eme rged "  

s eeds a nd t h i s  t oo i nv e rse l y  r c f l �c t�d t h e  s eed l i ng eme r g en c e  

pa t t e r n . 



( d ) He r b age d r y ma t t e r  y i e l d : 

Tab l e  6 s hows t h e  e f f e c t s  o f  c o u l t e r  t y p e s  a nd rela t iv e  humid i ty 

r e e :f.m e s  on the  mea n h e r b a g e  d ry ma t t e e  y i e ld o f  p l an ts on d ay 1 7 . 

7 0 . 

These d a ta w e c e  the a v e r- a g e s  o f  t h e  y i e l d s a t  a l l  pressu r e  l evels wi th  

e a c h  c o u l t er t y p e . F r om tab l e  6 ,  �tJh e n  c o ns id e r- i ng y i eld s per plan t ,  i t  

appears t h a t t h e r e  we re no s i g n i r i c a n t d i f f e r- e n c e s  i n  y i e l d  per plan e 

b e t w e n  t h e c h i s e l  c ou l t e r- ( 0 . 0 2 9  gm ) a nd the t r i p l e  d i sc coul ter ( 0 . 0 2 8  gm) . 

\.Ji th the ho e c o u l t e r  ( 0 . 0 2 2  gm) , t h e  d r y  ma t t e r  y ie l d  was s ig ni f i ca n t l y  

( P  = 0 . 0 5 )  l owe r t h a n  e i t h e r  t h e  c h i se l o c  t r- ip l e  d i sc c o u l ters . 

Th e c o n t r a s t i n g  r e l a t i v e h um i d i ty r- eg i me s  had a s i g n i f i ca n t  (P  = 0 . 0 5 )  

e f f ec t  o n  t h e  y i e l d  p e r  p l a n t . I n  t h e  HRH r e g im e  ( 0 . 0 3 1  gm) , the y i e l d  

w a s  s i gn i f i c a n t l y h i g h e r  t h a n  i n  t he L R H  r-egime ( 0 . 0 2 1 gm) . 

Th e r e  w e r e  no s i g n i f i c a n t  i n t e r a c t i o ns b e tween co u l t e r  t y p e s  and 

r el a t i ve hum i d i ty reg i me s  i n  te ems o f  d c y ma t te r  y i e l d  per p l a n t . 

Tab l e  6 a l so s hows t h e d r y ma t t e r y i e l d s per l OO seed s s own . 

No t unexpec t ed l y  t he r e  we r e  s i g n i f i c a n t  ( P  = 0 . 0 1 ) d i f f e r e nc e s  in y i e l d s  

d u e  t o  c o u l te r  types . T h e  c h i s e l  c o u l t e r- p rol'10 ted t he h i g he s t y i e l d  

( 1 . 7 9  gm/ 1 00 s e e d s  sown ) a nd t h i s  w a s  s i g n if i c a n t l y  ( P  = 0 . 0 1 )  l a cg e r  t han 

t h e  hoe cou l t e r ( 1  . 09 gm/ l O O seed s sown ) a nd t h e  t r i p l e  d i sc c ou l ter  

( 0 . 56 gm./ 1 00 s e e d s  sown) . The h o e  a nd t c i p l e  d i s c  cou J t e r s  were 

t h ems e lves s i g n i f i c a n t l y  d i f f e r e n t . 

TA B L E  6 

The e f fec ts o f  c o u l t e r  t y p e s  a nd r he r e l a t i v e  h um i d i t y r eg i mes on day 1 8  

d ry ma t t e r  y i e l d s  o f  d i r ec t d r i l l ed whea t . 

� ma t t e r  y i e l d  

Trea tmen t Fa c to r  

Cou l t er types 

Ch i s e l  

Hoe 

Tr i p l e  d i s c 

Rel a t i ve h um i d i ty r e g i m es 

LRH 

H RH 

Cou l t e r  t y pe s  x r e l a t i v e  

humid i ty i n t e r- ac t ion 

gm per p l a n t  

0 . 0 29  a 
-

0 . 02 L b 

0 . 0 28 a -

0 . 0 2 1  b 

0 .  0 3 1  a -

NS 

gm per l OO s eed s sown 

1 .  79 A 

1 . 09 B 
0 . 56 c 

0 . 7 7  A 

1 .  5 2  B 

NS 

U n l i k e  l e t ters  i n  a g ro u p  u f  co l umns s how s ign i f i c a n t d i f f e r e nc e s , c a p i t a l s  

( P  = 0 . 0 1 ) a nd sma l l  l e t t e r- s ( P  = 0 . 0 5 ) . 
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T h e  con t ra s t i ng re l a t i v e hum1 d i t y r eg i mes a l so had a s ig n i f i c a n t  

e f fec t o n  t h e  y i e l d p e r  1 0 () S <' < cds sow n . I n  t h e  HRH r eg i me , t h e  d ry ma t te r  

y i e l d ( 1 . 5 2 gm/ l OO s e ed � �own)  wa � s i g n H i c a n t l y ( P  = 0 . 0 1 )  h igher 

t ha n  i n  the LRH r e g i m e  ( 0 . 7 7 gm/ 1 00 s eed s sow n ) . 

The r e  were no i n t e r ac t i o n� b e tween c o u l t e r  t y pes and t h e  rela t iv e  

h u m i d i t y r eg imes i n  t e rn1s o f  y i e l d s p e r  1 00 s e e d s  sown . 

The d ry ma t t e r  y i e l d �  ( w i 1 Em c o n s i d e r ed a s  a f u nc t i o n  o f  t he numb e r  

o f  seeds sow n )  no t u n ex pec t ed l y  a p pea r ed t o  r e f l e c t the p a t t e r n  o f  seed l i ng 

eme rgence i n  a ] ] c o u l t e r  t y pes a nd r e l a t i ve humJ d i ty r eg imes . Thus no 

e f f e c t o np l a n t v igou r was a p pa r e n t u s  a r e s u l t  o f  the  d i f f e r e n t po p u l a t io ns I 
b e tween co u l t e r  t y pes . O n  t h e  c o n t ra r y , t h e  h i gh e r  popu l a t i o n  w i t h  t h e  

c h i s e l  c o u l t e r  a l so r es u l t ed i n  h ea v i e r  p l a n t s  wh i ch sugges t s  l ess 

s t ress had b een e x p e r i e n c vd by i nd i v i d ua l  p l a n t s .  

Ta b l e  7 s hows t h e  e f f ec ts o f  c: o u J L e r  t y p e s a nd t h e r e l a t i v e  h u m i d i ty 

r eg i mes o n  t lt e  mean so i l  b J o c k  ma t d x  and i n- g roove so i l  mo i s t u r e  c o n t en t s . 

No t u nex pec t ed l y a l mo s t a l l r ead i ng s  d ec l i ned w i t h t ime . Ma i n  p l o t 

a na l y s i s  o f  va r i ance w e r e  t h e r e f o r e  c omp u t ed f o r  t he m e a n  d a t a  cov e r i ng 

d ay s  1 t o  1 2 .  

T h e r e  a p p e a r ed t u  h a v e  been s i g n i f l c a n t l y  ( P  = 0 . 0 5 )  mo r e  mo i s t u r e  

ma i n t a i ned i n  t h e  c h i s e l  cou 1 t e r g rooves ( 20 . 2 ; 0  c ompa r ed w i th t h e  hoe 

( 1 5 . 7% )  a nd t r i p l e  d i sc c a u l  ters ( 1 5 . 9% )  and the gene r a l  s o i l  ma t r i x  

( 1 7 . 5% ) . T h e r e  a ppe a r ed to h e  no s i gn i f i c a n t  d i f f e r e nc e s i n  t h e  mean 

i n- g r oove s o i l  mo i s t u r e  l ev e l s of t he hoe a nd t h e  t r i p l e  d i s c  coul t er s ,  

no r b e tween t h ese t wo t r ea t men t s  a nd t h e so i l  ma t r ix . 

The c o n t r as t i ng r e l a t i v e  h um i d i t y r e g i mes had s ig n i f i c a n t  e f f ec t  

o n  t h e  i n-groove so i l  mo i s t u r e  co n t en t .  l n  t i l e  HRH reg ime , t h e r e  

appear ed t o  be ma i n t a i ned a s i g n i f i c a n t l y  ( P  = 0 . 0 5 )  h i g h e r  s o i l 

mo i s tu r e  co n te n t  ( 1 8 . 4 % )  t ha n  i n  t he Lllii  r e g i me ( 1 6 . 2% ) . 

T h e r e  a p p ea r ed to b e  no i n t e rac t i o ns be t w e e n  cou l t e r  t y p e s  a nd t h e  

r e l a t iv e  h um i d i t y  r eg i n1 e s  i n  t erms o f  so i J  mo i s t u r e con t en t . 
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TABLE 7 

Th e e f f e c t s  o f  coul t e r  type a nd r e l a t i v e  h um i d i ty reg imes o n  the  in-groove 

S o i l mo i s tu r e  con t en ts 

So i l  mo i s t u r e  % 

Tr ea tme n t s  Da y s  f rom d r il l i ng 

1 3 6 1 2  mean ( d ays 1 - 1 2) 

Coul t e r  t y p e s  

Ch i s el 2 1 . 0  2 2 . 3  1 9 . 0 1 8 . 5 20 . 2  a 

Hoe 1 7 .  7 1 6 . 9 1 5 . 8  1 2 . 7  1 5 . 7 b 

Tr i p l e 

d i s c  1 8 . 8 1 6 . 8 1 4 . 5  1 3 . 5  1 5 . 9  b 

G e ner a l s o i l  

ma t r i x  1 8 . 5  1 7 . 6 1 7 . 4 1 6 . 5  1 7 . 5  b 

Humi d i ty regi mes 

LRH 1 8 . 7  1 7 .  I l 5 .  9 1 3 . 2  1 6 . 2  1 

liRH 1 9 . 2  1 9 . 7  1 7 .  4 1 7 . 4 1 8 . 4  m 

Coul t er type x r el a t i v e humi d i ty i n t e r a c t i o ns NS 

Unl i ke l e t t e r s  show s ig n i f i ca n t  d i f f e r e nc es a t  ( P  0 . 0 5 ) . 

Figs 6 a  and 6b s how the i n- g r o o v e  a nd gene ra l  soil matrix  mo i s ture 

c o n t en t s  over t ime i n  the LRH a nd H RH r eg ime respec t ivel y .  From f igur e s  

6a a nd 6b , i t  is a ppare n t t ha t  the ra t e  o f  s o i l  mo is ture loss  in t h e  

HRH reg ime wa s l es s  than t h a t  i n  t h e  L R H  r eg ime . No c l ear d i ff erenc es 

i n  rates of soi l mo i s ture loss  be tween cou l t er t y pes and the  g eneral 

s o i l  ma t r i x  were apparen t .  

( f ) I n- g ro o v e  s o i l t em p e r a l u �� 

Tab l e  8 shows t h e  e f f ec t s  o f  c o u l l e r ty pes and r ela t iv e  humid i ty 

reg imes o n  the in-groove day - t i me a nd n i gh t - t i me tempera tu  r es from d ay 3 

u n t i l  day 9 .  
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Fig . 6  ( a , b )  The e f f e c t s  o f  d i r ec t d r i l l i np c ou l t e r  tvpe and r e la t i v e  humid i tv r e g �e s  on in-groove l iquid 
s o i l  mo i s t u r e  con t e n t  i n a d r v  s o i l ( pr e s s u r e  over u n c ove red s e ed )  

'-I 
( . J  
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Th e d a y t i m e  i n- t � r o o V L' L t•rn p t• r <l l u r e s  i 1 1C r e a s ed s i g 1 1 i f i c a n t l y  ( P  = 0 . 0 5 )  

f r om 2 3 . 3°C o n  d a y  3 t o  2. 4 . 9 ° C < l l l  d a y  (J . T il e  d i f f e r e nc es b e tw e e n  d ay 

6 a nd day 9 t em p e r a  L u r e s  w � r l:!  I IO\v t' V v r  no L s i g 1d f l e a n t . 

T h e r e  a p p e a red t o  ! J L, nu i i J L , • r i i t · t i o n s  o n  t h e  o n e  hand , b e t\ve e n  

c o u l  L e r  t y pes a n d  r e ] a t i v L• lwnd d j t y  r L� g i m e s , a n d  o n  t h e o t h e r  h a nd , 

b e tw e e n  c ou l t e r  t y p e s  ;.md t i m L' . 

TA B L E  B 

T h e  e f f e c t !; o f  , · o u l L L · r  t v p t· s  a n d  r L· I a L i v e h um i d i t y r '-' g in 1es o n  t l 1 '-'  

. l J  () ' 
i n- g r o o v e  so i l  L em p e r a t u n: : 1 t c n n L ro l l ed < l ll Jb j e n t  t em p e r a t u r e  o f  2 :2.  C /  1 8  C 
d ay I n i gh t  

T r e a t n l e [ \ L r a c t o r s  l ln v t i 1 1 1v i n- g r o o v  l� 
t v J ! ip v r i l  t u  r e  

( Co ) 

T i me e f f e c t s  ( d a y s  a f t e r suw i ng )  

3 

6 
9 

l n t .· r a c L i o J I S  

2 L  � 

:2.4 . ') 
•) c ') - J . _  

Co u l t e r  t y p L· x r e l a t i v e i l t l l l l i d i t y  NS 
Co u l t e r  t y p �>  x t i m e  l:! l h· t ·  t s  N S  

2 4 . b 

2 1, . L. 

24 . 6  

R e l a  L1 ve h um i d i t y 1 �.; g  i I I I L' ::;  

a -
b -
b -

a -
a -
a -· 

N i gh t  U me i n- g r o o v L· 

tem r e r u t. u r e  
( Co ) 

1 <;) • !, l -
2 1 . 5  I l l  

2 2 . L, Ill -

NS 

N S  

24 . I a LRH 2 2 . 0  I -
24 . 9  a H R l l  20 . 2 m -

U n l i k e l e t t l · r s  i n  <1 g r u t q •  o l  c u l i l l l tn::; s h mv  s i g n i f i L: a 1 1 t  d i f ( e r e n c �.; s  

il t ( P  = 0 . 0 5 ) . 
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S i m l l u r 1 y ,  L l l e  n i g l l L - L i t l l L' t ._• , l l p c t- a l u r es i n ..: r e a s et.l s i g n l f i c a n L 1 y  

(P = 0 . 0 5 )  f rom 1 9 . L, ° C o n  d a y  J Lu 2 1 . ':>
°

C o n  d a y  6 .  T h e r e  w e r e  no 

s i g n j f i c a n l c l w n g e s  i n  L i l v  ll L f� I I L -- L i n , , .  t em p e r C � t t t r e s f rom d ay 6 to d a y  

9 .  

A ga i n ,  c o t t .I L L' r  L y p L' i t l t c r < J c ! i l l i i S  '" i t h  r e l a t i v e h um i d i t y r e g i m es , 

< i l l  t i l e o n e h a nd a nd t i 1 1 1o.:- 0 1 1  l l 1 e  1 1 L i t v r  \v e r e  uo l td g n i f j c a n t .  

T h e  d i i y l i rn e  mea n u l  . 1 1 1  L l i l ' L' < '  s . t m p l i 1 1g L i mes i n- g n w v e  s o i l  

'' 4 . 5°". .  1 ' 1  . . I L ' · • 1 1 s wa s s i g t d l i l ' c.J I I L y ( P  � 0 . 0 1 )  h i g h e r  Ll 1 <1 1 1  L l t l! c o n L r t J I I L·d 

d . I 
., ., t l '" 

. .  LI Y  t l lllc L L' f i i J H:' r a L u r e  o t.. L " 

T l w  c u n l r u s l i n g r L: I a L i v e l l t t l l d d i t y r e g i me s  d p p a n: t l t l y l t a J  t HJ  

N i g h t - l i m e m e a n i n - g r u u v L' l v t • t p L· r L! L t t n� s W l' r e  nu L s i g n i f i c a u L J y  

T h e s e  t em p e t- a l u r c: :o.  

( m e a  n o f 2 1 . I ° C )  w e r e  I t  o \.J e v l �  r s i g 1 t i  r i t · �1TI t I " ( I' = 0 . ( )  I ) h i g l t  e r t l w  n t h c; 

c o n L ro l l ed n i g h t t em p e r u l u r e  u f  l o
l)

C .  

The c o n t ra s l l n g r e i CJ L i v e l l l l l !d d i l y  r e g i 11t e s  s i g n i l i c i.! n ll y  a f i L· L' l ed 

t h (.� n i g h t - l i m e i n- g roove t ern p e r a l t t r e s . I n  1 i l L' I . R i l  r e g i m e ,  L h e  n i g h  r -

t i me i n- g r o o v e  t empera t u r e s  ( 2 2 . 0
°

C )  w , � n· s i g n i f i c a n t l y  ( P "" 0 . 0 5 )  

h i gh er t h a n  t h o s e  i n  L h e H k l l  r ,: g i me ( 2 0 . 2°C ) . 

A l tho t t gh t h � r e  a p p e a c ed L o  [ )L' s i g n i f i c i l l l l i nc r ea s e s  i u  t h e i n-· g r utJ V L' 

tempera t u r e s  f rom d a y  J u n t i l  ll < t y  6 a nJ SI ,  i t i s  l i k e l y t hi.l t i n- g r o o v e  

tempe r a t u r e  c h a nges wou l d  h a v "  l t e 1 d  t ) n l y  m i no r  d i r e c t e f f ec t s o n  S l· <· d  

germ i na t i o n  a s  t h ey w e r �.: a l  a l l L i t l le!:i g e n e r a l l y  w i t l d n the o p t i ma l  
r a nge f u r  w h e a t s e e d  g e r m i t la t i n n . J n ;:; L e a J , as \� i t h exper i men t l ( a ) , 

t h e y  p robab J y  r e p r e s e n t i nt.l i r e l� L r t d l t.! c t i o n s  o f  c h a n g i n g J i q u i d  s u i ]  

mo i s t u r e  co n t L: n t s .  



D i s c u s s i o n 

I t  i s  c l  ear t h a t the r e was g rea t e r  s eed l i ng eme rgence wh en the 

c h i s e l  c o u l t e r  wa s u s ed com p a r e d  w i t h  the o t h e r  two c o u l t e r  typ es . 

A t  l ea s t p a r t  o f  the  reason f o r  t h i s  m i gh t have h e e n  b ec au s e  in t h i s 

exper i men t t h i s  co u l t e r  mai n ta i ned r e l a t i v � l y f avou rab l e i n- groov e 
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l iq u i d  mo i s t u r e  ( F i g .  6 ) , a l t ho ug h o t h e r  expe r i men ts have no t s ub s ta n t i a ted 

th i s . T h e  r e l a t iv e l y  w e l l c ov e r ed g roo v e m i gh t  h a v e  r ed u c ed d i r e c t  

r ad i a U on e f f e c t s  a t  t h e  s e e d - s o i l i n t e r f a c e  a nd h e J p ed mai n t a i n  a 

h ig h e r  so i J  l i q u id o r  v a p o u r  mo i s t u r e  po t e n t i a l . 

\.Ji th a 1 J cau l t e r s  i t  n p p e a r eJ t l t a  t a n  i m p roved s e e d - s o i l  c on t a c t 

h ad h el ped i nc r ea s e t h e  mo i s t u r e  ( l i q u i d )  t ra n s po r ta t i o n  f rom t h e  so i l  

t o  t h e  s eed when p r es s ur e s  w e r e a p p l ied o v e r  t h e  s eed s b e f o re cov er i ng .  

The e f f ec t o f  p r es s ure was mo re p ro nou nced o n  germina t ion , wh en 

u nge rm i na t ed seed coun t s  f � l l by mo r e  t h a n h a l f  f rom 2 9 . 9 ;� to 1 3 . 5% 
as  a re s u l t o f  p r es s i ng a t  7 0  k P n . On the  o t h e r  ha nd t h e  c o r respond i ng 

1 1  If 
coun t s  o f  g e rm i na t ed bu t unemar�ed s e ed s f e l l by o n l y a maxi mum 

o f  1 6% f rom t h t.:!  h i gh e s t  co u n t  t o  l ha l  a t  70 kPa . 

Th e s i g ni f i c a n t l y  ( P  = 0 . 0 1 )  l ; t r g e r  n umb e r o f  u nge rm i na t ed s ee d s 

w i th th e hoe cou l t e r  c omp a r ed w i t l t  l h e  c h i s el a nd t r i p l e d i s c  cou l t e r  

migh t b e  e x p l a i ned by t h e a p pea r a nc e  o f  t h e g rooves . I n  the d r i e r 

soi l ,  the hoe c ou l t er a p p a r e n t l y  r e s u l t ed i n  a n  ap pr e c i ab l e  amoun t o f  

s o i l  s u r f a c e  r u p t u r e  and s ha t l e r i ng .  T h i s a p pear ed t o  have l e f t loose 

s oi l w i th " a i r  poc k e t s " over th e s e e d s . S u ch an observ a t ion wa s f i r s t 

( 6 9 )  . 
r epo r t e d  by P h i l l i ps a nd Young and w a s  c a t ego r 1 zed a s  grad e  I I  

cov e r  b y  Baker ( 6 7 ) . The l oo s e s o i l  s u r f a c e  appa r e n t l y  sub j ec t ed 

t h e  s e ed - s o i l  i n te r f a c e t o  a n  ea r l y and r e l a t iv e l y  r a p i d  d es i c ca t i o n 

under t h e  d ry amb i en t  c o nd i t i o ns . As a r e s u l t t h e  s e e d s  ap pea red 

to h a v e  a l ow e r  ava i l ab l U t y  o f  1 i q u  i d mo i s t u r e  fo r imb i b i  t ion  and 

germi na t io n . 

\.Ji t h  t h e  t r i p l e d i s c  cu t t l t e r  t h e r e  w e r e  s i gn i f i c an t l y  higher  numb e r s  

o f  "ge rm i na t e d  b u t  unemerged " s eed s compared  t o  the c h i s e l  and ho e 

cou l t e r  g rooves . Th is , toge t h er w i th t h e  low coun t o f ung erm i na te d 

s e e d s  w i th t h i s c o u l t e r , s ugges t s  t h a t _i n i t i a l l y t he re was adeq ua t e  

l i q u id so i l  mo i s tu r e  ava i l ab l e  a t  t h e  s eed - s o i l i n t e r f a c e  o f  t h e  t r i p l e  

d i s c  c o u l t e r g roove and tha t t l l i. s  r e s u l t e d i n  reasona b l e  numb er o f  
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germina t ed s eeds . The sub s equent  h ig h  mo r ta li ty r a t e  o f  these germina ted 

seeds appears to be a cons i s ten t trend and migh t  b e  expla i ned by a 

c omb i na tion o f  the fol low i ng f a c tors : 

( a ) The requi remen ts o f  mo i s t ure to the rela tively  large numb er 
. ( 9  2 1  2 2  2 3 )  

o f  gerrn i na t � ng s eeds ' ' ' m i gh t  have reduced the 

mo i s ture po ten t i a l  a t  the s eed-so i l  i n t e r fa c e . If thi s  was 

a f a c t o r  i t  wou l d  have pro bab ly oc cur red before  the s eed 

rad i c l e  h ad pene t ra t ed i n to more mo i s t  s o i l  layers alongs ide . 

( b )  The ini ti a l l y  imb ib ed s eeds m i gh t  have b een rapidly s ub j ec t ed 

to a "mo i s ture desorp t io n  proces s "
( l 4 )  away f r om the s eed-so i l  

i n terface  t o  t h e  d r i e r  so U - amb i e n t  i n t e r fa c e . S ince the 

mo i s tu r e  po ten t i al c l o � e  t o  the s eed rad i c l e  could be expec ted 

to b e  at or above -5 bar� and t h e  amb i e n t  a i r  ( r . h .  con t ro l l ed 

a t  90%)  was a t  l e s s  tha n - 1 0 0  bars , i t  i s  l ikely  tha t there 

wou l d  have been a mo i s t u r-e grad i en t  away f r om the seed-so i l  

i n te r f a c e . 

( c )  The expos ed i n t�rnal  s u r- f ac e  o f  the groove m i gh t have caused 

a rapid i ni t i a l  mo i s ture  evapo ra t i on a f ter imbibi t io n , thus 

c r ea t i ng a d ry t h i n  l ay e r  of s o i l super impo s ed on  the g roove 

sur fa c e . Th i s  migh t have ac ted a s  a barri e r  to f ur ther 

mo i s t u re t ranspo r ta t i on f rom the  mo re mo i s t  a d j acent so i l  

reg i o ns . As i n  exper imen t l u ,  s uch a d ry so i l  layer wa s 

visual l y  appar e n t . 

These exper iments  t h e r e for e fur t h er s treng thened the need to s tudy 

mor e  c losely the mechani sms o f  so i l  i n-groove mo i s ture availab i l i ty 

to the sown s eed s . Before  th i s  as pec t coul d be  i n i t i a ted however , 

c omp l e t ion o f  s tudy o f  the  e f f ec ts o f  the range o f  tes t cond i tions 

impo s ed , took p r io r i ty .  
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2 . 4 EXP ER I M ENT 2 :  I NT ERACTIO N S  8 ET\v E E N  D I R ECT DR I L L I NG COULTER 

DESIGN S , S E ED  AN D \,J ET SO I L  U NDER CON TROLL ED CL I MAT I C 

CON D I T I ONS . 

Obj ec t i ve s : 

The o b j ec ti ve o f  t h i s  s tuuy  wi.l s  t o  t e s t t h e  p e r forma nce o f  

t h ree co u l t e r  types , i n  t e rms o f  s e t-·d l l ng eme r g e n c e  a nd seed f a t e  i n  

a s o i l w i t h  a n  a d e q ua t e  i n i t i a l  S < l L l mo i. s t u t· e  regime . l n  a l l  o th e r  
res p ec t s  expe r i men t 2 ( a )  w a s  i cl e n t i C' u l  t o  expe r im e n t l ( a ) . The 

s pe c i f i ca t i o ns and r aw d a ta uf t l t i s  e x p e r j men t a rt! g i v en in a p p e nJ i x  ( 6 ) . 

Res u l t s  anu d i s c u ss i o n :  

Tab l e  9 s hows t h e  e f l e c t s  o J  cou l t e r  t y p e s , a p p l i ed p re s s u re 

o ve r  the c o v e r e d  g rooves a nd r e l n t i v e h u m i d j_ t y regi mes o n  s e ed l i ng 

emergence and seed f a t e . T h e  a na l y s i s o f  va r i a nc e  o f  t h e  ma i n  t r t!i:l t m e n t 

f a c tors  i n  t h e  p l o ts s hows thi:l t t h e re w e r e  s i gn i f i c a n t d i f f e r e nces  i n  

p e r c en t seed ] i ng eme r g en c e  d u e  to cu u l t e r  t y p e s . The hoe  and c h i s e l  

c ou l t e r s , p romo ted t h e  h i ghes t s e ed l i ng emergence ( 69 . 8% a n d  60 . 4 %  

res pec t ive l y ) . The f i g u r e  o f  t h e  hoe cou l te r  was s i gn ] f i ca n t l y  

( P  = 0 . 0 5 )  h l gh e r  t h a n  t h a t w i t h  t h e  t r ip l e  d i s c  c o u ]  t e r  ( 4 5 . 7 % ) , 

b u t  s eed l i ng emergence  w i t h t he c h i s e l  c o u l t e r was no t ,  s ig n i f i c a n t l y 

d i f f e r e n t  t h a n  ei the r t h e  hue o r  t r i p l e  d i s c  cou l t e r s . 

Tab l e  9 shows t h a t t h e  con t r as t i ng rel a t i ve h umi d i ty regimes 

had no s i g n i f i c a n t  e f f e c t s  o n  seed l i ng emer g e nc e . Th i s  was no t 

u n expec t ed , howeve r , b e c a u s e  o f  t h e  a d t!q ua t e  i n i t i a l  so i l  mo i s t u r e  

c o n t en ts o f  a l l  t u r f  b lo c k s . 

The a na l y s i s  o f  v a r i a nc e  i n  t h e s ub - p l o t s s how t ha t t h e  appl i ed 

p ressures  ha d s i gn i f i c a n t  e f f e c t s  un p e r cen tage s e ed l i ng emergenc e .  

I n  t h e  abs ence o f  ap p l i eJ p r es s u r e , seed l i ng eme rgence was 5 4 . 9% .  

Th i s  i n c r ea s ed s i gni f i c a n t l y  ( P  = 0 . 0 5 )  to 6 1 . 5% a t  3 5  kPa . A t  a n  

appl i ed p r es s ure o f  7 0  k P n , how eve r ,  s e eJ l i n g emergence \vas 5 9 . 4% and 

t h i s  was no t s i g n i f i c a n t l y  d i f f c r � n t t h an t ha t a t  e i ther 0 ,  o r  3 5  k P a . 



TABLE 9 

The e f f ec ts of  coul ter type , applied so il  pressure over the covered grooves and relative humidity levels on 

seedling emergence and the seed fate o f  direct  drilled wheat seeds in an adequate soil mois ture regime . 

Trea tment fac tors 

( a) main treatments 

Coul ter types Chisel 

Hoe 

Triple disc 

Rel a t ive humid i ty LRH 

regimes HRH 

Coul ter type x relative humid i ty 

regimes interac tion 

(b )  sub-treatments 

Pressure intens i ty 

No pre!O sure 

35 kPa 

70 kPa 

Coul ter type x pressure in tensi ty 

interaction 

Percent seedling emergence 

60 . 4  ab -

69 . 8  a 

46 . 3  b 

5 7 . 8  a -

59 . 4  a 

NS 

54 . 9  a 

6 1 . 5  a 

5 9 . 4  ab 

* 

Percent  ungerminated Seeds 

0 .E. 
0 . 8  .E. 
0 .E. 

0 . 8  D -'--

0 .E. 

NS 

0 . 8  

0 

0 

NS 

Unlike let ters in a column show signi f icant d i f f erences at  (P  0 . O S ) . 

Percen t 11gerrnina ted bu t 
11 

unemerged seeds 

39 . 5  m 

29 . 4  m 

5 1 . 0  1 

39 . 9  1 

4 0 . 0  1 

NS 

4 0 . 9  1 

38 . 6  1 

40 . 5  1 

NS 

'-I 
� 
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The r e  a p p ea r ed t o  b e  a n  i n t e r a c l l u n o f  cou l te r  t y p es a nd a p p l i ed 

p r e s s u r e s  o v e r t h e  co v e red g r o ov e s . Tab l e  1 0  shows t h e s e  i n terac t io ns . 

I t  a p p ea r s  t h a t w i t h  the c h i s e l  c o u l t e r  s e ed l i ng eme rgence i nc reas ed 

s i gn i f i c a n t l y  ( P  = 0 . 0 5 )  f r om 5 5 . 4 % to 6 8 . 3% when a p r e s s u r e  o f  3 5  kPa 

was a pp l i ed compared w i  L l 1  no p r e s S I I  r e .  How e v e r  s eed l i ng eme rgen c e  

p e r c e n t d ec r e as ed s i g n i f i c a n t l y  ( P  = 0 . 0 5 )  to 5 7 . 4% w h e n  t h e  a pp l i ed 

p re s s u r e  w a s  f u r t l 1 e r i t tc t e u s e J  t o  7 0  k Pa w i t h  t h e  s am e  c o u l t er . 

t h e  h o e  c o u l t er was u s ed t h e r e  w e r --:>  no s i gn i f i ca n t  e f f ec ts on 

seed l i ng eme rg e n c e  f rom c h a ng i n g p r L' s s u res a t  a n y  l ev e ] . W i t h t h e  

t r i p l e  d i s c c o u l t e r , t h e t·e  a p p e a r "' d  t o  b e  a n  i n i t i a ]  i nc r ea s e  i n  

seed l i ng eme rgence a t  3 5  k P a  a p p l i ed p r es s u r e  compa r ed to t ha t a t  

z e r o  p re s s u r e , bu t t h i s  rema i n ed I J nc kl nged w i L h  a f u r t h e r  p r es s 1 1 r e  

When 

i nc rease t o  70 k Pa . I t  i s  d i f f i c u l t t u  o f f t� r  r ea so ns to e x p l a i n  L i l t: 

lower s e ed l i ng emer g e n c e  i n  t h t.!  c l l i s e l  c o u l t e r  g r oov es a nd e v e n  t h e  

unc h a nged eme r g e n c e  i n  t he t r i p l e  J i s v couJ  t e r  g roov e ,  a t  a n  

a p p l i ed p r e s s u r e  o f  7 0  k P<.� C Olll pa :- vd L o  t ha t a t  3 5  k P a . l L  s e em� 

r easona b l e t ha t  w i t h  bo t l 1  t h e s E:' l: < H d  t e r s  t h e  p r es s u r e  a l  3 5  kPa 

prov i ded be t t e r  s e� J - s o i l  c o n t a v t .  P e r h a p s  a t  7 0  kPa , there m i gh t  

h a v e  b e e n  some degree  o f  u v e r -cumpav t i o n  a bo v e  t h e  s e ed s , w h i c h  

mi gh t t h e n  have ph y s i c a l l y r e t d r tkd t h e  s hoo t s  a nd o f f s e t  t h e  

gai ns m a d e  t h rough i mp ro v ed s u i l ·· s t! u l  c o n ta c t .  F i gs . 7 a  a nd 7 b  

show t h e  ra t e s  o f  s e ed l i ng eme q� • n , · e . T h e  r e s pec t i v e p l a teaus o f  

p er c e n t ag e  seed l i ng em e r g e n c e  a p pea r t o  o c c u r  o n  o r  c.� bou t day 1 4  \.J l t h  

a l l  c o u l t e r  t yp es exc e p t  w i t h  t h t• t r i p l e  d i s c  cou l t e r , i n  t h e  I !RH r eg i me 

where s e ed l i ng eme r g e n c e  p J  a t e a 1 1 ed o n J a y  1 0 .  T h e  r a t e s  o f  seed J i ng 

eme rgence appea r ed to b e  c ompa r a b l e i n  a l l co u l t e r  t y pe s  i n  t h e  L RH 

reg ime . 

( c )  
"

G e rm i na t ed b u t  l tnerne r g eJ " s eed s 

Tab l e  9 a l s o  s ho\.JS t h e e f f L! l' t s  o f  t h e  t r ea t me n t  fac t o r s  on t h e 

p e r c entages o f  " ge rm i na t ed b u t u neme rged " seed s . There a pp ea red t o  

b e  a s igni f i can t l y  ( P  = 0 . 0 5 )  l l i g l 1 e r number o f  "germ i na t ed bu t 

unemerge d "  s e e d s  i n  the grooves o f  t h e  t r i p l e d i sc c o u l t e r  ( 5 1 . 0% )  

compared to tho s e  o f  t h e  c h i s e l  ( 3 9 . 5% )  a nd ho e ( 29 . 4 % )  c o u l t e r s  wh i c h 

\vere t hems e l ve s  no t s i gn i f i c a n t l y  d i [ f t;; r en t .  
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F i gure 7 .  ( a , b )  The e f f ec t s  o f  d i r ec t  d r i l l ing c ou l t e r  types and r e l a tive hum i d i ty r e g imes  on the p er c entage 
ra t e  o f  s eed l i ng emergence of  wh ea t i n  an adeq u a t e  so i l  mo i s ture l evel ( p ressure  over cover ed s e ed :  



TAB LE 1 0  

T l 1 e  i n t e rac t i o n  o f  co u l t e r  t y p es and a p p l i ed p ressu res o n  s e ed l i ng 

eme rgence  o f  d i r ec t d r i l l ed whea t 

P e r c e n t s e ed l i ng emergence 

82 . 

Co u ] L e r  Ly pes  Ch i s e l  Hoe T ri p l e  d i s c 

P re ss u re i n t ens i ty 

( kPa ) 

0 

3 5  

7 0  

5 5 . L1 b 

6 8 . 3  a 

5 7 . 4  b 

7 1 . 6  a 

6 6 . 4  a 

7 1 . 3  a 

U n U k t:; l e l t e r s  show s i gn i f i c a n t  d i f f t:; r e nc e  a t  P ( 0 . 0 5 )  

3 7 . 8  c 

4 9 . 8  b 

49 . 5  b 

The c o n t ra s t i ng r!:! J a t i v e  hum i d i ty r eg i mes a p p a r en t l y had no 
s i gn i f j ca n t  e f f e c t o n  t h e numb e r  o f  " germ i na t ed b u t  unem e rg ed " 

s e ed s . S i nd l a r l y t h e  a p p l i ed p r es s u res a t  t h re e  i n tens i t i e s a p pa r e n t l y  

l 1aJ  n o  s i gn i f i c a n t  e f r e c t s  o n  t h e  n u mber  o f  " g e rm i na ted b u t  unemt! r g ed " 

s e ed s . 

S umrua ry o f  s e ed f a t e : 

The s i gn i f i c a n t l y  J mve r s !:! ed l i n g emergence w i t h  t h e  t r i p l e  d i s c 

c ou l t e r  compa red wi t h  t he hoe cou l t e r  a p pea r s  tu have b e e n  r e f l ec ted  

i n  a co r r e spond i ng h i g h e r  p e r c e n t age o f  " ge rm i na t ed b u t  unemerg ed " 

seed s . C l ea r l y ,  how t! v e r the mor e  f a vo u ra b l e  so i l  mo i s t u r e  cond i t i o n s  

h a d  r e d uc ed t he d i f f e r e nces b e tween c o u l te r  t y p es a n d  t he t r i p l e  d i s c 

c o u l t e r  was o n l y  i n f e r i o r  t o  t h e  ch i s e l  cou l t e r  ( i n  terms o f  s e ed l i ng 

emergen c e ) a t  the l ower o r d e r  o f  p rob ab i l i ty o f  P = 0 . 1 0 .  F u r t h e r  

con f i rma t i on o f  t h e  f a voura b l e  seed e n v i r o nme n t  was seen J n  t h e  numb e r  

o f  ungerrn i na t ed seeds tvh i c h a p peared t o  b e  a l mo s t  zero w i th a l l co u l t e r  

ty pes . 

( d )  l l e rbage d r y ma t t e r y i e l d :  

Tab l e  1 1  s hows t h e  • f f e c ts  o f  c o u l t e r  ty pes a nd r e l a t i v e  h umi d i t y  

reg i mes o n  t h t!  d r y ma t t e r  y i t! l d o n  a p e r  p l a n t  s hoo t we i gh t  ba s i s 
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TAB L E  1 1  

T h e  e f f e c t s  o f  co u l t e r  t y p e s  a nd r e l a t i v e  hum i d i ty l ev el s o n  h erbage 

d ry ma t t e r y i e ld a t  d a y  1 8  

T re a t me n t f ac t o rs Y i e l d s  i n  gm/ 

p l a n t  s h oo t 
we i gh t 

Y i e ld s  i n  g rams / l OO 

Co u l t e r  t y p e s  

H o e  

T d p l e d i s c 

0 . 0 2 8  a 

0 . 0 2 3  a b  

0 . 0 1 7  b 

seeds  sown 

1 .  7 A 

1 . 6 A 

0 . 7 9 B  

--- ----- ------

R e l a t i v e h um i d i ty r e g i m e s  

LRH 

HRH 

0 . 0 2 1  a 

0 . 0 2 5  a 

] . 24 m 

1 . 4 9  m 

Co u l t e r t y p � s  x r e l a t i ve h um i d i t y re g imes 

i n t e r a c  t i  0 1 1 ::;  N S  N S  

L l n l  i k e l e t t e r s i n  a g ro u p o f  c o l u m n ::;  s how ::; i g n i f i c a n t  d i f f e r enc e ::; , 

c a p i t a l s  a t ( P  = 0 . 0 1 )  and sma l l l e t t ers a t  ( P  = 0 . 0 5) . 

- ------ --- ---- ------- ---

a t  day 1 8 .  The t r i p l e d i s c c ou l t e r p romo t ed a s i g n i f i c a n t l y  ( P  = 0 . 0 5 )  

l ow e r  y i e l d  o f  0 . 0 1 7 gm / p l a n t  compa r ed t o  t h e  c h i s e l  co u l t e r  ( 0 . 0 2 8  gm/ 

p l a n t ) . T h e  y i e l d  o f  p l a n t s d r i l l ed w i t h  t h e  hoe cou l t e r ( 0 . 0 2 3  gm / p l a n t ) 

were no t s i gn i f i can t l y  d i f f e r e n t f rom e i t h e r:  t h e  c h i se l  o r  t r ip l e  

d i sc c ou l t e r s . The l ow y i e l d o f  t h e  t r i p l e  d i s c  sown p l a n t s  l end s 
we i gh t  to t he b e l i e f  t h a t t he s e  p l a n ts were  s t i l l  und e r  some 

s t re s s  d e s p i t e t h e  f a v o u ra b l e  g row i ng cond i t i o ns . 

Ta b l e  1 1  a l so s hows t h e  e f f ec t s o f  c o u l te r  ty pes on  herbage 

dry  ma t te r  y i e l d s  o f  l OO s ow n seeds <J t  day  1 8 .  No t un-expec t ed l y  

t h e r e  a pp e a red to b e  s i g n i f i ca n t  d i f f e re n c e s  i n  the d r y  ma t te r:  y i e l d  

b e tween cou l t e r  t y p e s  whe n y i e l d  was measured on t h e  b a s i s  of 1 00 

seed s sown . The re a pp e a red t o  b e  a s i g ni f i cna t l y ( P  0 . 0 1 )  h i gh e r  

y i e l d  o f  1 . 7 gm/ 1 00 s e e d s  sown f rom the c h i s e l  c o u l t e r:  g roove s 

comp a r e d  tu 0 . 7 9 gm / 1 0 0  seed s sown w i t h t h e  t r i p l e d i s c cou l t e r: . 

The shoo t s  f rom t h e  hoe co u l t e r ( 1 . 6 gm/ 1 00 seeds  sown ) a l so a p p ea red  
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to  have a s i gni f i can t l y  ( P  = 0 . 0 1 )  h i gher  y i e l d tha n tho s e  f rom t h e  

t r i p l e  d i s c cou l te r , b u t were f ou nd no t t o  b e  s i gn i f i can t l y  d i f f er e n t 

t o  those  f r om the c h i s e l  cou l t e r . 

The d ry ma t t e r  p e r  l OO s e e d s  sown , i n  t h i s  c a s e  i nd i c a ted  tha t 

a l though t h e r e  were s l igh t l y  f ewe r p la n t s  t o  emer g e  f rom t he c h i s e l  
c o u l t e r  g roo ves , t h e  g r e a t e r  we igl1 t o f  e a c h  o f  t h e s e  p l a n t s  comp e ns a t e d  

f o r  t h e  l owe r popu l a t ion , g i v i ng a s im i l a r  overa l l  y i e l d  t o  t ho s e  

s ow n  b y  t h e  hoe co u l t e r . 

The c o n t ras t i ng r e l a t i ve hum i d i t y reg imes a p p a r en t l y  had no 

s i g n i f i c a n t e f f e c t o n  the  d r y  ma t te r  y i e l d , e i t h e r  o n  a per p l a n t 

o r  p e r  l OO seed s sow n  ba s i s .  

The i n l e rac t i o n s  b e twe e n  c ou l t e r  ty pes a nd t h e  re l a t i ve humi d i ty 

r e g imes w e r e  no t s i gn i f i ca n t .  

( e )  I n- g roove so i l mo i s t u re con ten t 

F i gs 8a and 8b  show t h e  e f f ec t s o f  c o u l t e r  t y p e s  and r e l a t iv e  

hum i d i t y  r e g i mes o n  in-g roove l i q u i d  mo i s t u r e  c o n t e n t s . T h e  expe r imen t 

s ta r t ed a t  an  average  so i l  b l o c k  ( 0  to  4 5  mm d e p t h )  mo i s t u re  con t e n t  
o f  4 5 . 0% f o r  a l l  co u l t e r  t y pes . Th ere a ppea red t o  b e  no s i gn i f i c a n t 

d i f f e r e n c e s  b e tween t h e  t h r ee co u l t e r  t y p e s  a t  any o f  the  samp l i ng 

d a t e s . I n-groov e  so i l  mo i s t u r e  appea r ed a l so t o  d i f f e r  l i t t l e  f rom 

t h o s e  t a k e n  f rom the ma t r i x  o f  the so i l  b lo c k s . 

F rom tab l e  1 2  t h e  i n- g r o o v e  mo i s t u r e con t e n t s  i n  bo th r e l a t i v e  

hum i d i t y  r eg i m es a p p ea r ed to d ec l j ne s l ow l y over  t ime . I n  the H RH 

reg ime , t h e  i n-groove l i q u i d  mo i s t u r e con t e n t s  a p peared t o  be  s i m i l a r  

t o  t h o s e i n  t h e  LRH r e g i me u n t i l  day 1 2 ,  a f t e r  wh i ch t h e  L RH s o i l  
mo i s tu r e  f e l l  mor e  r a p i d l y  t h a n  i n  t h e  H R H  r eg i me . B y  d a y  1 5  i t  

a p p ea r ed t ha t  t h e  s o i l  l i q u i d mo i s t u r e c o n t e n ts were  s i g n i f i can t l y  

(P = 0 . 0 5 )  lower  i n  t h e  LRH reg ime t han i n  HRH reg ime . 

( f ) l n-groove so i l  t empera t u  re 

Tab l e  1 3  shows t he e f f ec t s o f  c o u l t e r  t y pes , r e l a t i v e  humi d i ty 

reg imes a nd t ime o n  the  i n-groove  soi l temper a t u r es . There a p p e a r e d  

t o  b e  n o  s i gni f i ca n t  e f f e c t o f  t i me o n  t h e  i n-groove day- t ime 
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TA BLE 1 2  

The e f f ec t s  o f  r: e J a t i v e  hum i d i t y r eg imes and t i m e  o n  i n-p;roove s o i l  

mo i s t u r e  con t e n t  ( o f  a l J c o u l t e r:  t y p es ) . 

------------------ ---- ------- - ---

Da y s  f rom sow i ng l n- g r:uove 

3 6 
--- - -

r: . h .  r: e g i m es 

LRH 44 . 5  39 . 5  

HRH 4 3 .  9 4 2 . 7  

J ev e l  o f  s i g n j f i c a n c e  

( 5% )  N S  N S  
---

TA B L E  1 3  

mo i s t u r: e con te n t ( %  d .  b . ) 

9 1 2  1 5  

3 9 . 8  3 6 . 0  3 2 . 6  

4 3 . 8  3 9 . 7  38 . 0  

N S  N S  * 

T h e  e f f ec t s  o f  c o u l t e r  t y p e  a n d  r: e J a U v e h um i d i t y  r: eg i mes o n  i n-groove 

so i l  t em p e r a L u r e s f o l l ow i ng d i r ec t d r: i l l i ng 

T r: ea tmen t f a c t o r s  Da y - t j me i n- g r:oove t em p e r a t u r e  N i g h t - t i m e  i n- g r: o o v e  

t em g e r a t ure 
( Co )  

------ ------ -- ---- --- -- - - --- --------------------

T i m e  e f f ec t  ( d a y s )  

4 

7 

1 0  

1 3  

C o u l t e r  t y p e  

Ch i s e l  

H o e  

T r i p l e  d i s c  

Rel a t i v e  h u m i d i t y r e g i mes 

LRH 

HRH 

Co u l t er t y pe x r e l a t i ve 

l t um i d i  ty i n t e r a c t i o n  

1 9 . 0 a -

1 9 . 9 a -

1 9 . 6  a -

1 9 . 8  a --

1 9 . 3  a 

1 9 . 5  a 

1 9 . 8  a 

1 8 . 8  b 

20 . 3  a 

N S  

U n l i k e l e t t e r s  i n  a co l umn s how s i g n i f i c a n t  d i f f e r en c e s  a t  ( P  

1 7 . 7 1 

1 7 . 8 1 
1 7 . 6  1 

1 7 . 7  l 

1 7 . 6 l 

1 7 . 8 1 
1 7 . 8 1 

1 7 . 3  1 

1 8 . 2  m 

N S  

0 . O S ) 



t em p e r a t u r e s . Howev e r  t h e  i n- g roove t em p e r a t u r es a t  a l l  t im e s  w e r e  

s i g n i f i c a n t l y ( P  = 0 . 0 1 )  l ow e r  t h a n  t h e  c o n t ro l l ed amb i e n t  t em p e r­

a tu r e  ( 2 2 . 0°C) . 

8 7 . 

Th e r e  a p p e a r e d  t o  b e  no s i gn i f i ca n t  d i f f e r en c e s  i n  t h e  mean 

d a y - t i me i n-g roove t em p e ra t u r e s  d ue t o  co u l t e r  t ypes . As s ta t e d  

e a r l i e r  h owev e r , t h e  mea n d a y- t i m e  temp e r a t u r e  o f  1 9 . 5°C w a s  

s i gn i f i c a n t l y l owe r t h a n  t h e  c o n t ro l l ed amb i e n t  t emp e r a t u r e  o f  2 2 . 0°C . 

T h e  c o n t ra s t i ng r e l a t i v e h um i d i t y r eg i m e s  had s ig n i f ican t 

e f  f e e t o n  t h e  i n-g roo v e  J a y - U me temp e r a  t u  r es . I n  t h e  H R H  r e g i m e , 

t h e d a y - t i me c emp e r a t u r <=  ( 20 . 3 ° C )  \va s  s i gn i f i ca n t l y  ( P  = 0 . 05 )  

h i g h e r  t h a n  i n  t h e  LRH r e g i m e  ( J 8 . 8° C ) . 

' L 'h e i n t e r a c t i o n s  b e t w e e n  c o t d  t e r  t y p e s  a nd t l 1e r e l a t i v e 

hum i d i t y reg i me s  w e r e  no t s i gn i f i ca n t .  

Ta b l e  1 3  a l s o s hows t h e e f f e c t s  o f  co u l t e r  t y p es a nd r e l a t i v e  

h um i d i t y  n·g i m es o n  t h e  i n- g r o o v e  n i g h t- t i me t em p e r a t u r e . 

As w i t h  t h e  d a y - t i me r ead i ng s , t h e r e  a p pea r e d  to b e  no s i gn i f i ca n t  

d i f f e r e nc e s  i n  t h e  i n-groove n i g l 1 t - t i me t em p e r a t u r e a t  a n y  t i me 

J u r i ng t h e  t= x p e r i men t a nd t h e  d cJ y t i me r e a d i ngs w e r e  no t u nexpec t ed , 

a s  t h e s o i l mo i s t u re con t e n t s  r ema i n ed h i g h  J u r i ng t h e  ex p e r imen ta l 

p e r i o d . 

T h e r e  a l3 o  a pp e a r ed t o  b e  no s i gn i f i c a n t  d i f f e r e nc e s  i n  t h e  

i n- g roove n i gh t  t em p e r a  t 1 1  r e  d u e  to c o u l t e r  t y pes . 

The c o n t ra s t i ng r e l a t i v e h um i d i ty r e g i mes a p p ea r ed aga i n  to 

have a s i g n i f i ca n t  e f f ec t  o n  t h e  i n- g r o o v e  n i gh t - t ime t em p e r a t u r es . 
0 

I n  t h e  H R H  r e g i m e , t h e  i n- g r o o v e  n i gh t - t i me temp e r a t u r e  ( 1 8 . 2  C )  

was s i gn i f i ca n t l y  ( P  = 0 .  0 5 )  h i g h e r  t h a n  i n  t h e  LRR r eg i m e  ( 1 7 .  3°C )  . 

B r i e f  s umma ry o f  expe r i me n t  2 ( a )  

A t  a d eq ua t e i n i t i a l  so i 1 mo i s  t u  r e  c o nd i t i o n s , t h e  s eed l i ng 

eme r g e n c e  wa s expec t ed to b e  l 1 i gh e r  t h a n  i n  exper i m e n t s  l ( a )  and 

l ( b ) . Any  s e e d - so i l co n t a c t v a r i a t i on s  d u e  to a p p l i ed p r e s s u r e s  
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o v e r  t h e  c o v e r ed groo v e s  ap pea r ed t o  be o f  no co nseq uenc e .  T h i s  c o n f i rmed 

t h e  res u l t s  o f  H i l l e l ( J )  who sugges t ed t ha t s eed -s o i l  c o n t a c t was no t o f  

i mp o r ta nc e  a t  h igh mo i s t u r e  po t e o t i a l s ,  a s  t h e r e  w a s  a c o n t i nu ed s u p p l y  
o f  mo i s t u r e  i n the l i q u id p h a s e  t h ro ugh unbro k e n  c a p i l l a ry a c t io n . 

Germi na t i on coun t s  o f  a l mo s t 1 00% o f  t he s e ed s  sown a l so i nd i c a t ed 
a p l en t i f u l  and co n t i nuous mo i s t u r e  a va i l a bi l i t y to the s e ed s . Wha t was 

of con c e r n  h owev e r , wa s t he c o n t i nu i ng l a rge coun t of "eerm i na ted b u t  

uhemerg ed " s e ed l i ngs in  t h e  t r i p l e  d i sc  grooves . 
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2 . 4 . 2  Exp e r i me n t  2 ( b )  P r e s s u r e  a_E_E_l i ed _ d i r ec t 1 y  oyer  t h e  s eed s 

b e fo r e  cov e r i ng 

Obj ec U v e s : 

The o b j e c t i v e o f  t h i s s tudy was t o  exam i n e  t h e  e f f e c t s  o f  t h r e e  

c o u l t e r  t y p es a n d  two r e l a t i ve hum i d i t y r e g i mes o n  t h e  s e ed f a t e  o f  

d i r e c t d r i l l ed whea t s e e d s  i n n so i l  w i t h  a n  a d e q u a t e  i n i t i a l  so i l  

mo i s ture  r eg ime . I n  co n t r a s t to e x p e r i men t 2 ( a ) , the s eed s we r e  

d i r ec t l y  p re s s ed b e fo r e  b a r  h a r r ow i ng i n  t h i s ex p e r imen t .  I n  a l l  

o t h e r  r e s p ec t s  ex p e r i me n t 2 ( b )  was i d e n ti c a l t o  ex p e r i m e n t 2 ( a ) . The 

s p ec if i c a t io ns and r aw d a ta of t h i s  ex p e r ime n t  a re g i ven i n  a pp end i x  

( 7 )  . 

R e su l t s :  

( a )  �e ed J i ng em e r g e n c e :  

Ta b l e  1 4  s hows t h e  e f f ec t s  o f  t h e  t h r e e  co11 l t e r  t y pes , 

two re l a  L i V "  hum i d i ty r eg i mes , and t h r e e  a p r l i  ed p r e s s u res O \ter  t h e  

u n c o v e r ed s e e d s  b e f o r e  b a r  h a r row i ng , i n  t erms o f  s eed l i ng eme rg e n c e , 

T h e  tab l e  shmvs tha t t h e r e  were s i gn i f i c a n t d i f f er e nces b e t\v e e n  

c o u l t e r  t y p e s . T h e  c h i s e l  cou l t e r  ( 7 5 . 8% )  p romo t ed s i g n i f i c a n t l y  ( P  

mo r e  s e ed l i ng e m e r g e n c e  t h a n  d i d t h e  t r i p l e  d i s c c ou l ter ( 3 7 . 8% ) . 

The hoe c o u l t e r  ( 6 9 . 7 % )  a l so p er f o rmed s i g n i f i c a n t l y ( P  = 0 . 0 1 )  
b e t t e r  tha n t h e  t r i p l e  d i s c  cou l te r  i n  t h i s r es p ec t ,  b u t  t h e r e  was 

no s i g n i f i c� n t  d i f f e re n c e  i n  p e r f o rm a n c e  b e twe e n  the ch i s e l  and hoe 

c o u l t e r s . 

The c o n t r a s t i ng re l a t i ve h u m i d i ty reg i me s  a p p ea r ed t o  hav e no 

s ig n i f i ca n t  e f f e c t s  on t h e  pe r c e n t a g e  s e ed l i ng eme r g e nc e ,  wh i c h  

a v e r aged 6 0 . 9% .  

The d a t a  f rom t h e  s u b - t r e a tme n t s  s hows tha t t h e  app l i ed p r es s u r e  

a t  t h e  t h r e e  i n t e n s i t i e s had no s i g n i f i c a n t e f f ec t s  o n  s e ed l i ng 

eme rgenc e . 

Ther e  w e r e  no s i g n i f i c a n t  i n te r ac t i o ns b e twe e n  cou l t e r  t y p es , 

r e l a t ive h um i d i t y r eg i m e s  and  the  a p p l i ed p r e s s u r e  l ev el s . 

O . U l )  



TABLE l t.. 

The e f f ec ts of coul ter typ e , app l ied s o i l  pres sure over uncovered grooves and rela tive humid i tv l evels on s ee d l ing 

emergence and th e s e ed f a te o f  th e d ir e c t  d r i l l ed whea t s eed s in an ad eo u a t e  s o i l  mo is ture regime 

Trea tment fac tors Percent s eedl ing emerg ence 

( a )  ma in trea tments  

Coul ter type 

Rel a t ive humid i ty 

r e g imes 

Chi s e l  

Hoe 

Tr iple  d i s c  

LRH 

HRH 

Coul ter type x r� . regime 

in terac t ion 

( b )  Sub- t r e a tmen ts 

Pres sure i n t ens i ty 

No pres sure 

35 kPa 

70 kPa 

Coul t er typ e x pressure i n t e ns i ty 

i nt erac t ion 

r . h .  regimes x pressure i n terac t ion 

7 5 . 8  A 

6 9 . 7  A 

J 7 . 8  B 

6 1 . 6  a 

6 0 . 6  a 

NS 

5 8 . 8  a -

6 3 . 7  a -

6 0 . 8  a -

NS 

NS 

Percep t ungermina ted seeds 

0 

0 

0 

0 

0 

NS 

0 

0 

0 

NS 

NS 

Percent  "gerrnina ted bu t 

unemerged " s eeds 

2 3 . 3  p 

3 0 . 2  p 

6 2 . 1  _Q 

3 8 . 8  f 

3 8 . 3  f 

NS 

4 1 . 1 .£ 
3 6 . 2  .E. 
3 8 . 3  .E. 

NS 

NS 

Unl ike l e t t ers in  a co lumn show s igni f i cant  d i f f erences , Cap i tals (P  =0 . 0 1 ) , and small  l e t ters a t  ( P =0 . 0 5 ) . 

1.0 
0 
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Figs . 9a & 9b show t h e  r a t es o f  s e ed l ing emergence . The r e spec t-

ive p l a teaus of  p ercen tage s eed l ing emergence appear to  o c cu r  o n  o r  

abo u t  day 1 5  w i th a l l  co u l t e r  types . Th e ra t e  o f  seedl ing emergence 

w i th the c h i s e l  cou l ter  appeared to  be  c omparab l e  w i th tha t of  the  

h o e c ou l t e r  un t i ]  day 9 and ther ea f ter  t h e  hoe c o u l t er rate  a p p ea red 

to d ec r ease  somewha t .  Th i s  pa t t ern  appeared to be r epea t ed i n  b o th 

t h e  LRH and H R H  r e g im es . 

( b )  Unge rm i �a t ed seeds  

Tab l e 14  al so i nd i c a t es tha t no  seeds  r ema i ned ungermina t ed d u r i ng 

the  exp er imen t ,  w i th any o f  the c ou l t e r  types . As i n  exper imen t 2 ( a )  

t h i s  was no t unexpec ted a s  th ere was a t  a l l  t imes , adeq ua t e  s o i l  

mo i s ture ava i l ab l e  f o r  the  s eeds to g e rmina t e .  

S i mi l a r l y ,  no e f fec t s  we r e  no t i c ed e i ther due  to  the c o n tras t ing 

r e l a t ive hum i d i ty r e g imes , or due to the  three l eve l s  o f  app l i ed 

p ressures , as  i n  al l c a s e s  the number o f  ungerm i na t ed seed s was zero . 

( c )  "germina ted bu t u n emer ged s eed s "  

Tab l e  1 4  a l so shows the e f f ec ts o f  the t re a tmen t  fac to r s  o n  perc e n t  

"germina t ed b u t  u nemerged"  s eeds . T h e r e  appeared t o  be a s ign i f i ca n t l y  

( P  = 0 . 0 1 )  h i gh e r  numb er o f  "germina ted bu t unemerged" seeds  i n  the 

g rooves o f  the  t r i p l e  d i s c  coul ter ( 6 2 . 1 % ) c ompared wi th tho s e  i n  the  

c h i s e l  cou l ter  ( 2 3 . 3% )  and hoe cou l t e r  ( 3 0 . 2% )  g rooves , wh i ch were 

t h emse lves no t s i gni f i c a n t l y d i f f e r en t . 

Th e con t ras t i ng r e l a tive humid i ty regimes appeared to  hav e  no 

s ign if i c a n t  e f f e c ts  on t h e  numb er o f  "germina t ed b u t unemerged " 

s eed s ,  wi th the  mean a t  b o t h  r el a t ive humid i ty regimes b e ing 3 8 . 5% .  

The three l evel s  o f  app l i ed p r e s su res apparen t l y had no s i gn i f i c a n t  

e f f ec ts o n  the  number o f  "germ i na ted b u t  unemer ged " seed s . Th ere 

were no  s igni f i can t i n t e r ac t ions b e tween cou l t e r  ty pes , r e l a t ive 

h um idi ty regi mes and ap p l i ed pressures . 

( d )  I n-groove s o i l  mo i s t u r e  

The expe riment s ta r ted a t  an av erage s o i l  mo i s ture c o n t en t o f  

9 2 . 
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4 5 . 0% .  F i g . 1 0  shows t h e  i n- g roov e so i l  mo i s t u r e  c o n t ents  f rom day 3 t o  

d a y  1 2  w i th t h e  t h r e e  cou l t e r  t y pes and a t  t h e  two r e l a t iv e  h um i d i ty 

r e g J me8 . Th ere  a p p eared to b e  no s ig n i f i ca n t  d i f f er ences i n  t h e  i n­
groove so i l  mo i s tu r e  con t e n t  b e tween t h e  t h r e e  c o u l t e r  types i n  the  

HRH r e g ime . Howev e r , in  t h e  L R H  reg i m e  t h e r e  ap pea red to  b e  s i gn i f ­

i c an t l y  ( P  = 0 . 0 5 )  h i gh e r  so i l  mo i s t u r e  c o n t e n t  i n  t h e  tr i p l e  d i sc  

c o u l t e r  groov es than  i n  the  c h i s e l  and h o e  coul t e r  grooves  o n  d a y  9 

u n t i l  d a y  1 2  ( t h e  termi na t i o n  day ) . 

Ta b l e  1 5  s h ows the e f f ec t s o f  r e l a t J v e  h um i d i ty reg imes a nd the  

t im e  o n  t h e  i n-g roove so i l  mo i s tu r e  c o n t en t s i n  a l l coul t e r  types . 

T h e r e  appea r ed t o  be l ower l ev e l s  o f  i n-groove so i l  mo i s t u r e  i n  t h e  LRH 

r eg i me than i n  t h e  HRH reg i me and th i s  was s i g n i f ic a n t  ( P  = 0 . 0 5 )  

on d a y  9 onwa rd . 

I n  t h i s  exper imen t i n-groove t empera tures w e r e  no t mea s u r ed , as 

p r e v i ous exper i m en ts had s hown tha t any s uch sma l l  d i f f er e n c e s  wh i ch 

m i g h t o c c u r  had l i t t l e o r  no e f f ec t o n  s e ed l i ng emerg enc e p e r c en t .  

V i su a l  a p p r a i sa l  o f  t h e  emerged s e ed l i ng s  s ugges ted tha t t h e r e  

were  n o  ma r k ed d i f f e renc es i n  p l a n t  v i gour o r  s i ze b e tween t r e a tmen t s . 

D ry ma t ter  y i e l d s were  th e r e f o r e no t r e c o rd ed i n  th i s  expe r imen t .  

S ummary 

As i n  ex pe r i me n t  2 ( a ) , u nd e r  an a d eq ua t e  mo i s ture  r eg Jm e , the 

three cou l ter t y p es gav e h i gher  s eed l i ng emergence  counts  c om p a r ed 

w i th  eq u i va l en t  t rea tmen ts i n  d r y  so i l s . I n  t h i s  exper imen t ,  pressure  
a pp l i c a t i on over  the  uncov e r ed grooves  apparen t l y  had no  s i p, n i f i can t 

e f f ec ts  o n  s e e d l i ng emergenc e . S i m i l a r l y , amb i en t  c l ima t i c  var i a t io n s  

h ad n o  s i g n i f i c a n t e f f ec ts o n  eme r g i ng s e ed l i ngs . 

P l a t e s  ( l l a - l l f ) s how t h e  g e n e r a l  pa t t e r ns o f  the  s e ed l i ng 

emergence w i th  a l l  cou l t e r  types bo t h  a t  the  LRH and HRH r e g imes . 



TABLE 1 5  

The e f f ec t s  o f  rela t iv e  humi d i ty r eg imes and t ime on t h e  i n­

g roove so i l  mo i s ture  con tent 

Da y s  f rom sm.J i ng I n-groove so i l  mo i s t u r e  conten t % ( d . b . ) 

3 6 9 \2 . 

R e l a t i v e  humi d i t y  

reg i mes 

LRE 40 . 0  3 5 . 6  3 0 . 5  29 . 8  

HRH 4 2 . 7  4 0 . 4  38 . 3  3 9 . 3  

Leve l o f  s i gn if -

i c ance ( P  "' 0 . 0 5 )  N S  N S  * * 

9 5 . 



P l a t e  1 1 .  Typ ical d i r ec t  d r il led whea t s eedl ing emergence 
I n  the low r e l a t ive humi d i t y  r eg im e  with the : 

( a) chi s e l  cou l ter (b )  hoe cou l ter  

ini t ially a d eq u a t e  soil  mo is tur e ( d ay 1 7 ) ; 

( c )  t r i p l e  d is c  coul ter 



P l a t e  1 1 .  Typ ical d i r e c t  d r il l e d  whe a t  s ee d l ing 
In the high r e l a t ive humid i ty r e g ime 

( d ) chi s el coul ter ( e )  hoe coul t e r  ( f )  t r i p l e  d is c  coul ter 



2 . 5  SUMMARY OF RESULTS AND CONCLU S I ONS OF EXPERIMENTS 1 & 2 

The r e s u l t s  o f  4 i nd i v i dual  exp e r im e n t s  ( l a ,  l b , 2a & 2b ) were  

comb ined tog e t h e r  to t e s t the e f f ec t s o f  i n i t i a l  s o i l  mo i s t u r e  l ev e l s  

a nd t h e  app l i ed p r e s s u r e  po s i t ions i n  t h e  main  plo t o n  s e e d  f a t e  o f  

d i r ec t  d r i l l ed wh ea t . A l t hough each exper imen t was condu c t e d  i n  

p r ed i c ta b l e and con t ro l l ed c l i ma t i c  cond i t ions , a nd a l l  1 2  t u r f  b l ocks  

had been e x t ra c t ed f rom the  f i e l d  at  the  same t im e  and s to r ed under 

p l a s t i c  ra i n  ca nop i es w i th con tro l l ed wa ter  sup ply , exp e r im e n tal  

c ond i t i ons  could  no t be  regarded as i d en t i cal . S i nc e  each  of  t h e  4 

ind i v i d ua l  e x pe r imen t s  was conduc ted  a t  d i f f e ren t t imes , comb i n i ng the  

4 exp e r i men t s  was  exp ec ted  to in t ro d u c e  unac coun table e f f e c t s  a s  a 

r e s u l t o f  the  changed paren t vege ta t i o n ,  so i l  fauna ac t i vi t y , s imu l a t ed 

g r a z i ng pa t t e rns , and amb i e n t  tempe ra t ur e  r e g i mes be fore  d r i l l i ng . 

I n  any poo l ed ana l y s i s  i t  was no t pos s i b l e  t o  e x t rac t such e f f ec t s  

f rom t h e  ma in t rea tmen t e f f ec t s . However ,  f rom t h e  resu l ts o f  

9 8 . 

( 5 6  6 7 )  p r ev i ous eYp e r i men t s  w i th these d i r e c t  d r i l l i n g  cou l t ers ' , t h e  ma i n  

t r ea tmen ts  were  exp ec t ed to ex e r t  t h e  predomina n t  e f f ec t s ,  compared 

to tho s e  a s soc i a ted  w i t h  the e f f e c t s  of t i me .  I t  wa s t h e r e f o r e  

cons i d e r ed j us t i f i ed to  comb i ne t l 1 e s e  exper i m e n t s  t o  a r r i ve a t  some 

g e nera l conc l u s i ons . 

De t a i l ed c omptl ta t i o na l d a t a o f  t h e  poo l ed a na l y s i s  o f  var i a n c e  

o f  t h e  s e ed f a t e  in  th i s  exper i m en t a r e  g i v e n  i n  append ix ( 7 d ) . 

S eed l i ng emergenc e 

Tab l e  1 6  shows the  poo l e d  e f f e c t s  o f  t h e  ma in t r ea tme n t s  ( v i z .  

i n i t i a l so i l  mo i s t u r e  l eve l s , and the  pos i t i on o f  app l i e d  p ressures ) , 

the sub- t r ea tmen t s  ( r e l a t i ve h um i d i ty regimes and the t h r e e  cou l t e r 

type s )  and the  sub-sub- t rea tmen ts ( i n tens i t i es o f  appl i ed p re s s u r e s )  

o n  t h e  seed  f a t e  o f  d i r ec t  d r i l l ed whea t .  From tab l e  1 6  t h e r e  

appear ed t o  b e  h i ghly  s i gn i f i ca n t  d i f f e rences  i n  seed l i ng eme rgence 

b e tween  the  low and adeq ua t e  i n i t i a l  so i l  mo i s ture  levels . 

S e ed l i ng emerg e n c e  coun ts ma y have i nc r e a s ed when p r e s sures  

were  app l i ed d i r e c t l y  over  the uncovered s e ed s , comp.i l · ed  to  when 

pressures  we rE !  a p p l i ed over the covered s e ed s . Th i s  i n c r ea s e  in  

seed l i ng eme rgence however fell  j u s t  sho r t  of  s ta t i s t i c a l  s i gn i f icance  

at  the  5%  leve l of  p roba b i l i ty ,  and  was  s i �n i f i c an t a t  P = 0 . 1 0 .  
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TABLE 1 6  

Th e e f f ec ts o f  i n i t i al  so j l  mo i s tu r e  l eve l s , appl i ed pressure  po s i t i o ns , 

c o u l t e r  types a nd r e l a t i ve humi d i ty regi rr.es on the s eed f a t e  o f  

d i r e c t d r i l l ed wh ea t 

Trea tme n t fac t o r s  P e rcen t 

s e ed l i n g 

eme r g e n c e  

( a ) ma i n  t re a tments  
- i n i t i a l  so i l  

mo i s ture  l ev e l s  3 3 . 7  B 

low 59 . 9  A 

adequa t e  

- ap p l i ed p re s s u r e  

po s i t i o n s  over  

co v e r ed seeds 4 2 . 3  A 

over uncovered 

s e e d s  5 1 . 3  A 

----- -··-------

( b )  Sub- t r ea tmen ts  

- re l a t i ve h um i d i t y 

h i gh 4 9 . :3 A 

l m-J 44 . 0  A 

- co u l t e r  t y p e s  

ch i s e l  6 3 . 5  A 

hoe 50 . 6  B 

t r ip l e  d i sc 2 7 . 0  c 

( c )  sub- sub t rea tm e n t  

p r e s s u r e  i n t e ns i ty 

0 kPa 

3 5  

7 0  

4 2 . 4  R 

4 8 . 6  A 

4 9 . 0  A 

P e r c e n t  

unge rm i na ted 

s e c; d s  

2 7 . 5  0 

0 .  1 E 

1 8 . 2  0 

9 . 4 E 

1 1 . 3  0 

1 6 . 3  E 

9 . 2  0 

2 3 . 4  E 

8 . 9  0 

1 6 . 8  0 

1 2 . 2  E 

1 2 . 3  E 

Per cen t 

" ge rmi na t ed 

u neme rged " 

3 9 . 0  L 

39 . 0  L 

3 9 . ]  L 

39 . 2  L 

3 9 . 4  L 

3 9 . 7  L 

2 7 . 3  L 

26 . 0  M 

64 . 1  N 

39 . 8  L 

3 9 . 3  LM 

38 . 4  M 

Unl i ke l e t t er s  j n  a co l umn s h o \-J s i gn H i can t d i f f e re11ce a t  ( P  0 . 0 1 )  

�SSEY U IVERSITl 
I,.ISRAR't 

b u t 

s eeds 



1 00 .  

I n  the h igh rela t i ve hum id i ty r e g ime , the seed l ing ewergence 

c o un t wa s h i gh er than in the low rela tive h umid i ty regime b u t  thi s  

d i f f e rence too was s i gn i f i can t only  a t  a l ower order  o f  p robab i l i ty 

o f  P = 0 . 1 0 .  

S eed l i ng emergence  appeared to b e  s i gn i f i ca n t l y  ( P  = 0 . 0 1 )  h igher 

when th e ch i s e l  coul ter  ( 6 3 . 5% )  wa s u s ed than when the ho e cou l t er 

( 5 0 . 6% )  and the t r i p l e  d i s c c o u l t er ( 2 7 . 0% )  were u s ed . The l a t ter 

two t rea tments  were also  s i g n i f i c a n t l y  d i f f e r en t . 

Tl • e a na l y s i s  o f  var i anc e o f  the s ub-s ub-p l o t s  showed tha t s eed l i ng 

emer g ence coun t s  i ncr eased s i gni f i c a n t l y  ( P  = 0 . 0 1 )  when p r es s u r es 

were a p p l i ed bo th a t  3 5  and 7 0  kPa compared to those w i tho u t  pressure  

ap p l i c a t i o n . The re were however no s i gni f i c ant d i f f erences i n  

s eed l i ng emergence counts b e tween 3 5  and 7 0  kPa p r e s s u r e s . 

Tab le  1 7  s hows the i n t e r ac t i ons ( i n i t i al  so i l  mo i s ture l ev e l s  x 

co u l t e r  typ e s  and i n i t i a l  so i l  mo i s ture l ev e l s  x r e l a tive humi d i ty 

regimes ) f rom the poo l ed da ta . I L  appears tha t a t  the low ini t ia l  

s o i l mo i s ture  l ev e l , there w e r e  s i gn i f i can t d i f f e r ences b e �een 

a l l  three c o u l ters ; w i th ch i s e l co u l ter p romo t i ng the h i ghes t 

s eed l ing eme rgence coun ts and the tr i p l e  d i sc  co u l ter g i v i ng tl 1e l owes t 

s ee d l i ng emergenc e . A t  the adequa t e  s o i l  mo i s ture  l eve l , there appea r ed 

to b e  no s i gni f i c an t d i f fe rences i n  the s e ed l i ng eme rgenc e coun ts 

b e tween the c h i s e l and hoe c o u l ters . The tr i p l e d i s c  coul ter however 

p romo ted s i gni f ican tly  (P = 0 . 0 1 )  l ower s e e d l ing emergence compared 

to the ch i s el and hoe cou l t e r s . 

S eed l i ng emer gence counts  s i gn i f i can t l y  i nc reas ed ( P  = 0 . 0 5 )  

when the con t ro l l ed rela t ive h um id i ty r eg i me was cha nged f rom LRH 

to HRH a t  the  l ow i n i t i a l  s o i l  mo i s ture l eve l s . A t  the adequa t e  

ini t i a l  mo i s tu r e  r eg i me , t h e  con tras t i ng r e l a t ive h um i d i ty regimes 

h ad no s i gni f i c ant  e f f ec t on the numb e r  o f  emerged s eed l ings . 

Unge rm i na ted s eeds  

Tab l e  16  a l so shows the t rea tment e f f ec t s  on the  numb er o f  

ung e rm i na t ed s eeds . The numb er o f  ungermi nated s eeds was s igni f i can t l y  

( P  = 0 . 0 1 )  h i gher ( 2 7 . 5% )  a t  the low i n i t i a l  so i l  mo i s ture l ev e l  

tha n  a t  the adeq ua te i n i t i a l s o i l  mo i s tu r e  l evel . There was a 
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TA B L E  1 7  

The e f f e c t s  o f  i n i t i a l  so i l  mo i s t u r e  l ev e l s , c o u l t e r  t y p e s  a nd r e l a t i ve 

h um i d i t y r e g i m e s  on s e e d l i ng eme r g e n c e  p e r c en t ( i n t e r a c t io n s ) 

P e r c e n t s e ed l i n g e m e rge n c e  

I n i t i a l s o i l  mo i s t u r e  l eve l s  

Low ad eq ua te 

Co u l t e r  t y p e s  

Ch i s e l  5 8 . 4  D 6 7 . 7 A 

H o e  3 1 . 3  E 6 9 . 8  A 

T r i p l e d i s c  L 0 . 5  ""' 4 2 . 0  B l' 

--------- - - - - ·----·-----

R e l a t i ve h u m i d i t y 

r e g i m e s  

H i g h r . h .  

( H RH )  3 8 . 6  B b  5 9 . 6  A a  

Low r .  h .  

( LH ! I ) 2 8 . 2  B e  6 0 . 0  Aa. 

U n l i k e l e t t e r s  i n  a c o l um n  s h ow s i g n i f i c a n t  d i f f e r e n c e s , 

c a p i t a l s  ( P  = 0 . 0 1 ) , sma l l l e t t e r s  ( P  = 0 . 0 5 ) . 
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neg l i g i b l e  cou n t  o f  ungermina ted seeds  a t  the l a t t e r  mo is ture  l ev e l . 

When p re s s u r e s  were ap p l i ed d i r ec t l y  over t h e  seeds  b e f o r e  cover i ng , 

the  numb er o f  u ng e rmina ted s e e d s  was reduced s igni f i ca n t l y  ( P  = 0 . 0 1 )  

t o  9 . 4 %  compa red t o  1 8 . 2% wh e n  pressures  were app l i ed over t h e  c ov ered 

s e ed s . 

The  con t ras t i ng re l a t i ve hum id i ty regime s  had s i gn i f i c a n t  e f f ec ts 

on t h e  number o f  ungerm i n a t e d  s eeds . I n  the  HRH reg ime , t h e  numbe r  

o f  ungerm i na t ed s eeds ( 1 1 . 3% )  w a s  s i gni f i c an t l y  ( P  = 0 . 01 ) lower than 

t h o s e  i n  the LRH regime ( 1 6 . 3 % ) . 

When p r e s s u r e s  were no t a pp l i ed , the  number o f  u ngerm i na t e d  

s e e d s  ( 1 6 . 8% )  w a s  s i gn i f i c a n t l y (P = 0 . 0 1 )  higher t h a n  a t  app l i ed 

p r e s s u res  o f  3 5  and 7 0  kPa , which  them s e l v es were no t d i f f e r e n t  ( 1 2 . 3% ) . 

Tab ] e 1 8  s hows the t r ea tmen t i n te r a c t ions , in  t e rms o f  the  numb er 

o f  ungerm i n a t e d  s eeds . A t  the i n l t i u l l y  l ow s o i l mo i s ture leve l , 

the numb er o f  u ngermina t ed seeds  res u l t ing  f rom p r e s s ure d i rec t i o n  

on the  s e e d s  w a s  s i gni f i can t l y  ( P  = 0 . 0 1 )  l es s  ( b y  ap proxima t e l y  5 0 % )  

than  w h e n  p r es su re wa s app l i ed o v e r  the  covered s e e d s . T h e  pos i t ion 

o f  a p p l ied pressures had no s i gni f i c an t  e f fec t s  o n  the number o f  unge rm­

i na ted seeds  when seeds were s own i n  the  s o i l  w i t h  i n i tia l l y  adeq u a t e  

mo i s tu re ,  as  t h e  numb er o f  ungerm i na t ed s e ed s wa s a lmo s t  z e r o  in  

b o th c a s e s . 

The numbe r  o f  ungerm i na ted seeds  was s i gni f i can t l y  ( P  = 0 . 0 1 )  

h i gh e r  i n  the grooves o f  t h e  hoe co u l ter  ( 4 6 . 5% )  c ompared to the c h i s e l  

( 1 8 . 2% )  and t r i p l e  d i s c  ( 1 7 . 8% )  cou l t e r  g rooves wh ich  were thems elves 

no t d i f f e re n t  a t  the l ow s o i l  mo i s ture l evel . At  t h e  ad equa te  

so i l  mo i s ture l evel  however the  d i f f erenc es b e tween the three cou l ter 

typ es were no t s i gni f i ca n t  in terms of t h e  number of ung ermina t ed 

s ee d s , as  the  numb er in a l l  groov es was a lmo s t zero . 

From tab l e 1 8 ,  i t  appeared a l so tha t the number o f  ungermi na ted 

s eed s d e c reased s i gni f i can t l y  (P = 0 . 0 1 )  f rom 33 . 4 % at no pressur e t o  

a n  average o f  24 . 3% a t  bo t h  3 5  o r  7 0  kPa pressu re , a t  t h e  low in i t i a l  

s o i l  mo i s tur e .  A t  t h e  h i gh e r  ini t i a l  s o i l  mo is t u r e  l ev e l , t h e  i n t ens i t i e s  

o f  p r essure a p p l i ca t ion h a d  n o  e f f e c t ,  as  t h e  numb er o f  t h e  ungerm i na ted 

s eed s was a ga i n  zero . 
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The e f f ec t s  o f  i n i t i al so i l  mo i s t u r e  l eve l s , po s i tions o f  app l i ed p r es su r es , r e l a t ive hum i d i ty re� imes , cou l t er 

type s , and p r e s s u r e  i n tens i t i e s  on p e r c en t ungerm i n a t ed s eeds  ( �n terac t ions)  

P e r c e n t  U n p. e rm i n a t ed S eeds 

Tre a tmen t f ac t o r s  S o i l  mo i s ture  r eg imes P r e s su r e  po s i t ions Cou l ter types R e la t ive humid i ty 
r e  imes 

P r e s sure po s i t ions Low Ad equate  Over cov e r ed Ove r  un cov- Chisel  Hoe T r ipl e H igh Low --

s e ed e r ed seed d i s c  

over cover ed s e ed 3 6 . 2  A 0 c 1 1 . 8 c 29 . 4  A 1 3 . 5  D 1 5 . 3 B 2 1 . 1  A - - - - -

Ove r  uncov e r ed s e ed 1 8 . 8  B 0 . 3  c 6 . 3  c 1 7 . 5  B 4 . 0 E 7 . 3 c 1 1 . 5 c - - - - -

Cou l t er types 

C h i s e l  1 8 . 2  B 0 c 6 . 0 c 1 2 . 1  c - -

Hoe 4 6 . 5  A 0 . 4 c 1 9 . 6 B 2 7 . 3  A - -

Tr i p l e  D i s c  1 7 . 8  B 0 c 8 . 2 c 9 . 5 c 

P r e s sure i n tens i t i e s  
( kP a )  

0 3 3 . 4  A 0 . 4  c 1 8 . 9  A 1 4 . 9  B 9 . 5 c 2 9 . 3  A 1 2 . 5  D - - - - - - -

3 5  2 4 . 0  B ·0 . 4 c 1 7 . 8  A 6 . 5 c 9 . 1  c 20 . 2  B 7 . 5 E NS - - - -

7 0  2 4 . 7  B 0 . 0  c 1 7 . 9  A 6 . 7  c 8 . 6 c 2 0 . 9  B 7 . 4 E 

U n l i k e  l e t te r s  i n  a column show s i p,n i f icn a t  d i f f erences 

( P  = 0 . 0 1 )  

....... 
0 
w 
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Wh en p r es s ur e s  were  appl i ed ov er  t h e  covered s e ed s , the i n t e ns i t i es o f  

p r e s s u r e  ( v i z .  3 5  and 7 0  k P a )  had no s i gni f i ca n t  e f f ec ts o n  the number 

o f  ung ermina t ed seeds compared wi th no pressur e . H owev er , app l i ed 

p r e s s u r es o f  3 5  or 7 0  kPa over the u ncovered s e ed s  decr eased t h e  numb e r  

o f  ungermina ted seed s s i8ni f i ca n t l y  ( P ; 0 . 0 1 ) , a n d  eq u al l y ; compared 

w i th no p r e s s ur e . 

The numb er  o f  ung e rm i n a ted seed s i n  the ch i s e l  coul t e r  g roove was 

no t a f f ec ted b y  a p p l i e d  p re s s u r e s . The numb e r s  of unge rm ina ted s eeds  i n  

t h e  h o e  and t r i pl e  d i s c g rooves we re  however s i gn i f i can t l y  ( P  ; 0 . 0 1 )  

r ed u c e d  a t  a p p l i ed p r e s s u r e s  o f  3 5  and 7 0  kPa compa r ed w i th tho s e  

w i t hou t p r e s s u r e . Th e d i f f e rence i n  t h e  number o f  unp e rm i na t ed s eeds 

b e tw e e n  35  and 7 0  kPa p r e s s u r e s  was no t s i gn i f i c a n t in ei ther cou l t e r  

g roov e . 

Tab l e  1 8  a l so shows Lha t the  n umb er  o f  ungermina t ed s eeds  was reduced 

s i gni f i ca n t l y  ( P  ; 0 . 0 1 )  when p r e s s u r e s  were appl i ed d ir e c t l y  ov er  the 

u ncovered s ee d s  bo th in  the h o e  and tr i p l e  d i s c coul t e r  g rooves 

c ompar ed to the app l i ed p r e s s u r e s  over the cnvered seed s . However 

t he p o s i t i o n  of  app l i ed p r e s s u r e s  had no si gni f i c a n t  e f f e c t on the 

n umb e r  of  ungerm i na t ed seeds  i n  the c h i s e l  coul t e r  groove . 

The con t ra s t i ng r e l a t i v e  humi d i t y r e g i me s  app eared to have had a 

s i gn i f i can t e f f ec t on the n umb er  o f  ungerm i na t ed seeds i n  the hoe coul t e r  

g roov e s . The numb e r  o f  u ngerm i na ted s eed s i n  t h e  LRH r e g ime was 

s i gn i f i ca n t l y  ( P ; 0 . 0 1 )  lower tha n i n  the HRH r e g ime . Th e con tra s t i n g  

r el a t iv e  hum i d i ty reg i m e s  h a d  n o  e f f e c t o n  the number o f  ung e rm i na t ed 

s ee d s  i n  the grooves o f  t h e  c h i s e l  and t r i p l e  d i s c coul t e r s . 

Tab l e  1 8  a l so shmvs tha t the i n t erac t ion ( r . h .  r e g imes x p res sure 

i n t e ns i t i es )  was no t s i gn i f i c a n t .  

"Germ i na t e d  b u t  unemerged " seeds  

Tab l e  16  shows the e f f e c t s  of  the t re a tm e n t  f ac tors  o n  the numb e r  

o f  " g e rm i na ted bu t u nel1lerged"  s e e d s . I t  a p p e a r s  tha t t h e  numb e r  o f  

" ge rm i na ted bu t unem e r g ed "  s e e d s  w a s  no t a f f ec t e d  when t h e  i n i t i a l  

so i l  mo i s t u r e  l ev e l  w a s  d e c rea sed f rom adequa te  t o  low . 

S im i l ar l y , ap p l i ed p ressur es , e i ther b e f o r e  cover i ng o r  a f ter 
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cov e r i ng o f  the  seeds had no s i gni f i ca n t  a f f e c t on the num b e r  o f  "germ i n­

a ted b u t uneme rged" s e ed s . 

Th e anl ay s i s  o f  va r i a n c e  a t  the  s ub- trea tmen t l evel  s howed tha t 

t h e  c o n t ras t i ng re l a t i ve humid i ty r e p. i mes had no s i g n i f ica n t  e f f ec ts 

o n  th e " ge r mina ted b u t  � n emerged" seed coun ts . 

Th e numb e r  o f  "germ i na t ed bu t u nemerged " s eed s in  thE t r i p l e  d i s c  

c ou l t e r  groove was h ig h l y  s i gni f i c a n t l y  ( P  = 0 . 0 1 )  more than those  

in  the  ch i s e l  and hoe  co u l t e r  g rooves . The  numb e r  of  seeds in  the same 

s e ed f a t e  c a tegory was s i gni f i c an t l y  (P = 0 . 0 1 ) h i gher in the chi s e l  

c ou l ter  groove than in  t h e  h o e  coul t e r  groove . The  propo r t io n  o f  

" ge r m i na t ed bu t unemerged " seeds was 3 9 . 8% when no p ressu r e s  were 

a pp l i ed . At  35  kPa p r e s s u re , t h e  number of  " g e rm i na t ed b u t  unemerged " 

s eed s was no t s i gni f i c a n t l y  a f f ec ted compared to  tha t w i tho u t  pres su r e . 
) ,  

1 ·- " 'l h e  n umb er was s i gni f i can t l y  ( P  = 0 . 0 1 ) r educed 

to 3 8 . 4 % a t  7 0  kPa p r e s s u r e  compa red ta tha t w i tho u t  p ressure . T h e r e  

w a s  n o  s i gn i f i cant  d i f f e r ence  b e tween 35  a n d  7 0  kPa , in  t e rm s  o f  

the numb e-::- o f  "germ i na t ed b u t unemerged" seed s . 

Ta b l e  1 9 ( a )  shows the i n t e r a c t i o n s , i n  te rms o f  t h e  " g e m i na ted 

b u t  uneme rged " seed s . The i n t e r a c t i o n ( i n i t i a l  so i l  ruo is ture  reg i n�es  x 

pos i t i o n  o f  a p p l i ed press ures ) was no t s i gni f i c an t . 

W i th t h e  t r i p l e  d i s c c o u l t e r  t h e  numb e r  o f  "germ i na t ed bu t unemerged " 

s ee d s  d e c r ea s ed s i gn i f i c a n t l y  ( P  = 0 . 0 1 ) f rom 7 1 . 7 % to 56 . 6% when 

the i n i t i a l  soi l mo i s t u re l ev e l  was changed f rom low to adequa t e . By 

c o n t ra s t ,  th e nnmbe r  o f  " g e rm i na t ed b u t  uneme rged"  seeds in the c h i s e l  

c ou l t e r  and h o e  coul t e r  g roov e s  i nc r eased s ig n i f i ca n t l y  ( P  = 0 . 0 1 ) , 

f rom 2 3 . 3% t o  3 1 . 4% and f rom 2 2 . 2% to 29 . 8% r e s p e c t ively . 

When pr essures were  app l i ed d i rec t l y  ov e r  the  uncov e r ed seeds , 

th e numb e r  o f  "germ i na ted b u t  u nemerged" s e ed s was s i gni f i can tly  ( P  = 0 . 0 1 ) 

mo r e  i n  the  g roove s o f  t r i p l e d i s c  coul ter , a nd l e s s  i n  the  c h i se l a nd hoe 

c ou l t e r  g rooves , compa red to the counts f rom app l i 2d pres sures over  

the covered seeds i n  th e same co u l t e r  groove s . 
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TABLE l 9 ( a ) 
The e f f e c t s  o f  i n i t i a l so i l  mo i s t u r e  l evel s ,  pos i t i o n  o f  a pp l i ed 

p r e s s u r e s , re l a t ive h u� i d i t y  regi mes and coul t e r  types on the 

" g e r m i n a t ed bu t u neme r g e d "  s eeds ( i n terac t ions ) 

P e r c e n t  " g e rm i na t ed b u t  U Tteme rged" s eed s 

I n i t i a l  so i l  mo i s tu r e  Pos i t io n  o f  R e l a t iv e  hum i d i ty 

Po s i t ion o f  

a p p l i ed 

p r e s s u r e  

O v e r  covered 
s ee d s  

over u ncove red 
s e e d s  

Cou l t e r  t y p e s  

Low 

NS 

c h i s e l  23 . 3  E 

h o e  2 2 . 2  E 

t r i p l e  d i s c  7 1 . 7  A 

r e g i mes appl i ed pr essure  r egimes 

Adeq ua t e  

3 1  . 4  D 

2 9 . 8  D 

56 . 6  B 

Over  cov­
e r ed s e ed 

28 . 2  E 

2 7 . 7  E 

6 1  . 4  B 

over u n- HRH 

covered 
seed 

26 . 5  D 

24 . 3  D 
66 . 8  A 

4 0 . 1  A 

3 7 . 7  B 

2 6 . 9  r. 

2 7 . 1  c 

6 2 . 9  B 

U n l i k e  l e t t e r s  i n  a row s how s i g n i f i c a n t  d i f f e rences  ( P  0 .  0 1 ) 

L RH  

3 8 . 1  B 

4 0 . 7  A 

2 7 . 9  c 

2 4 . 9  D 
6 5 . 4  A 



1 0 7 . 

I n  t h e  l nw re l a t i ve humid i ty r e g i me , the numb e r  o f  "germ i na t ed hu t 

unemerg e d "  s eeds wa s s i g n i f i can t l y  ( P  = 0 . 0 1 ) mo re i n  the t r i p l e  d is c  

cou l t er groove , and l e s s  i n  t h e  h o e  cou l ter  groove compared to  tha t 

i n  the HIDI r e g ime w i th t h e  same cou l ter  groove s . Th e con t ra s t i ng 

r � l a ti ve h um i d i ty r egimes , howev er , had no s i gn i f i ca n t  e f f e c t o n  the 

n umb er o f  "ge rmina ted bu t uneme rged" s eeds in  the  ch i se l  cou l ter  g rooves . 

I n  th e LRH .t eg i me , t h e  number o f  "ge rm i na t ed b u t  unemerged" 

seeds  d e c reased s i gni f i c a n t l y (P  0 . 0 1 )  when p res sures were a p p l i ed 

over the  c overed seed s , compared to tha t i n  t h e  HRH regime . When 

p r essures  were  ap p l i ed d i r e c t l y  over the uncovered s e ed s ,  the number 

of "germinQ ted bu t uneme rged seeds"  i n :: reased s i gn i f i c an t l y  ( P  = 0 . 0 1 )  

mo r e  i n  the LRH reg ime t han i n  t h e  HRH regime . 

Tab l e  1 9 ( b )  shows the  i n t erac t i ons be twe e n  t r ea tmen t s  in the sub-sub­

p l o ts , i n  t e rms of the " g e rm i na ted bu t unemerged" seeds . I t  appears 

tha t the numb e r  of "germi na ted but unemerg ed " seed s at the l ow i n i t i a l  

s o i l  mo i s ture l evel  i n c reased s i gn i f i c an t l y  ( P  = 0 . 0 1 )  a t  3 5  kPa 

p re s s u r e  comp a red to no p r ess t t r e , bu t dec reased s i gn i f i can t l y  a t  70 kPa 

p r es s u r e  compa red to no pressure  trea tmen t .  When t he i n i t i a l so i l  

mo i s tu r e  l ev e l  wa s adequa t e ,  t h e  numb er o f  "germina ted bu t uneme rged " 

seeds d ec r eased  s i gn i f i c a n t l y  ( P  = 0 . 0 1 )  a t  3 5  kPa , comp a r ed to those 

a t  no  p re s sure . Howeve r ,  the  numb er i nc reased aga i n  at  70  kPa to b e  

e q u i va l en t  to tha t a t  no p r es s ure . 

\.Jh e n  p r e ssures were ap p l i ed over  t h e  cov ered grooves a t  35  

and 70  kPa , the  numb e r  o f  " germi na t ed bu t unemerged" seeds was no t 

s ig n i f i c an t l y  d i f f e r e n t  than tha t a t  no pressure . When 7 0  kPa 

p r essure  was app l i ed over the uncove red s eed s , the numbe r  o f  "germ i na t ed 

bu t uneme rged" seeds dec reased s i gni f i c ant l y  (P = 0 . 0 1. )  compared to 

tha t a t  35 kPa pressur e , or w i tho u t  p r essur e ; which  w� r e  t h 2ms 2 L v e s  

no t d i f f e r en t . 

I n  the HRH r e g i me , the number o f  "germ i na ted bu t uneme rged" 

s eeds d e c rea sed s i gn i f i ca n t l y  (P = 0 . 0 1 )  at 70 kPa compared to  tha t 

a t  35 kPa o r  zero p re s sur e , wh i c h t h ems e lves were no t s ign i f i can t l y  

d i f f e r en t . I n  the LRH regime , i n  con tras t t o  t h e  HRH r eg ime , the 

numb e r  of " germ i na ted b u t  unemerged " seeds i n c reased s i gn i f i can t l y  ( P  = 0 . O l )  

a t  7 0  kPa compared w i th tha t a t  no p ressu re . The numbe r  a t  3 5  kPa was 

no t d i f fe r e n t  than tha t a t  e i ther  0 or 70 kPa . 



TABLE l 9 ( b ) 

The e f f ec t s  o f  coul ter type , ini tial soil  mo i s ture l eve l s , app l i ed pressure posi t ions , r e l a t ive humid i ty r e g imes 

and pressure inten s i t i e s  on the p er c en tage " germina ted but unemerged " s e ed s . 

Ini tial  soil  mo is ture regimes Pressure posi tions 
Over covered ove r  uncov-

Pressure intens i ti es Low Adequa te seeds ed seeds 
( kPa)  

0 3 8 . 7  B 4 1 . 0  A 3 9 . 1  D 4 0 . 6  D 
-

3 5  4 1  . l  A 3 7 . 4  R 3 8 . 7  D 3 9 . 9  D 
-

7 0  37 . 3  B 3 9 . 4  A 3 9 . 6  D 3 7 . 2  E 

( ln terac tions ) 

Rela tive humid i ty Coul ter types 

HRH 

4 1 . 2  M 

39 . 2  H 

3 6 . 4  L 

LRH Chi s e l  Hoe Triple 
d i s c  

3 8 . 5  L 28 . 0R 2 5 . 9S 6 5 . 7Q 

3 9 . 3LM 2 5 . 5S 2 8 . 4R 6 3 . 9P - - -

4 0 . 3  M 28 . 6R 23 . 8T 6 2 . 7P 

Ur.l ike l e t ters in g co lumn show si ?,ni f icant  d i f f erenr:: es ( P  () . 0 1 )  

...... 
0 
CO 
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From tab l e  1 9 ( b ) , i t  a l s o a ppears tha t i n  t h e  ch i s e l  coul t e r  

groove t h e  numbe r  o f  " ge rm i na t ed bu t unemerged" seed s d e c reased  

s i gn i f i c an t l y  ( P  = 0 . 0 1 ) a t  3 5  kPa compa r ed to  th a t  a t  0 and 7 0  kPa 

p r e s s u r e , whi ch th ems e l ve s  w e r e  no t s i gni f i can t l y  d i f fe r e n t . I n  t h e  

h o e  cou l ter groov e , the n umb e r  o f  "germ i n a ted bu t unemerged"  s e e d s  

i nc r e a s e d  s i gn i f i c a n t l y  ( P  = 0 . 0 1 )  a t  3 5  k P a  comp ared  to 0 kPa . 

Howev e r , a t  7 0  kPa the numb er a ga i n  dec reased s i gn i f ican tly comp ared 

t o  b o th at  0 and 3 5  kPa . In  the tr i p ] e d i s c  cou l t e r  groove t h e  numbe r  

o f  " g ermina t ed b u t  unem e r g e d "  s eeds wa s s i g n i f i ca n t l y  ( P  = 0 . 0 1 )  

h i gh e r  a t  0 kPa compared to tha t a t  3 5  and 7 0  kPa , wh ich them s e lves 

were no t d i f f er en t .  

For a f u l l e r  und er s ta ndi ng o f  t h e  trea tmen t e f f ec t s r e f er enc e 

may b e  made to a p p e nd i x ( 7 d ) . 

D i s c u ss i on o f  m a i n  t r ea tmen t e f f ec t s  

Mo s t  o f  the e f fec ts o f  th e sub & s u b - s ub- t r e a tmen ts  wi th i n  the 

poo l ed a na l ys i s  l 1ave  been d i s c ussed w i t h i n  repo r t s  of  t h e  i nd iv i d u a l  

e x p er im en t s , al t hough some add i t i on a l  d i f f e renc es have been exposed 

b e c a u s e  o f  the l arger poo l o f  d a t a . D i s c u s s ion w i l l  therefore  b e  

l i m i t e d  to t h e  ma i n  poo l ed t r e a tmen t  d i f f e r ences and any add i t i onal  

s ub - t re a tme n t  d i f f e renc es tho u g h t  to be  re l evan t .  In  d i scus s i ng the 

i n t e rac t i ons , o n l y the f i r s t  order i n t e r a c t i ons a r e  cons idered , as  

the s econd ord e r  i n terac t i ons  and above , were  cons i d ered to  b e  o f  

doub t f u l  value when i n terp re ted w i thi n the obj e c t iv e s  o f  the who l e  

s tudy . 

I t  appears f rom tab l e  1 6  tha t d i f f e r e nc e s  i n  s eed l i ng emergence 

b e tween th e two contras t i ng re l a t ive  hum i d i ty reg imes were s ig n i f i c an t  

a t  a l ower ord e r  o f  probab i J i ty o f (p = 0 . 0 1 ) . Howeve r ,  i t  i s  a l so 

a pp a r e n t f rom th e i n t erac t io n s  ( tab l e  1 7 ) b e tw e e n  the r e l a t iv e  

hum i d i ty regimes and i n i t ia l  so i l  mo i s tu r e  l ev e l s  tha t s eed l i n g  

eme rgence s i gni f i c an t ly ( P  = 0 . 05 )  i nc re a s ed wh en t h e  rel a t ive 

h u m i d i ty regime w a s  changed f rom tRH to HRH a t  the low ini t i a l  so i l  

mo i s ture l evel . The con t r a s t i ng re l a t i v e hum i d i ty reg imes had no 

e f f e c t  on seed l i ng emerg e nc e , on the o ther  hand , when the i n i t ia l  

s o i l mo i s ture w a s  adeq ua t e . 
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F rom tab l e  1 6  i t  a l so appears  tha t the overal l mag n i tude o f  

d i f f er en c e  b e tw e e n  s eed ] i ng eme rgence c o un t s  f o r  t h e  c h i s e l  and t r i p l e  

d i s c  c o u l ters w a s  two - f o l d . From tab l e  1 7 ,  i t  appears however tha t a t  

t h e  l ow i n i t ia l  s o i l  mo i s t u r e  l ev e l , t h e  d i f f e r e n c e  i n  s eed l ing 

emerge n c e  wa s to i x-- f o l d  1v i th the same c ou l t e r  types . I n  b o th 

s i tua t io ns , the hoe coul t e r  p e r f o rma n c e  was i n t e rm e d ia t e . Th i s  

i nd i c a t e s  tha t ,  i n  the ava i lab l e  s o i l  mo i s ture r a ng e , t h e  propo r t iona t e  

d i f f e r ences  b e tw e e n  the  mag n i tudes o f  s e ed l ing emergence coun t s  f or 

the t h r e e  cou l t e r  types ( v i z .  c h i s e l , hoe and t r i p l e  d i s c )  w e r e  

i nd i r ec t l y r e l a ted to t h e  i n i t ia l  s o i l  mo is t u r e  l evel . 

Tab l e  1 8  s hows tha t a t  the low i n i t ia l  s o i l  mo is ture l eve l , the 

numb e r  o f  ungerm i n a ted seeds  in  the h o e  c o u l t e r  g roove ( 4 6 . 5% )  was 

mo r e  than tw i c e  tha t in the c h i s e l  and t r ip l e  d i s c  coul t e r  grooves . 

A t  t h e  s ame t i me , the numb e r  o f  "germ i na t ed b u t  unemerg e d "  s ee d s  

( ta b l e  1 9  a i n  t h e  tr i p l e  d i s c  coul t e r  groove was mor e  than t h r e e  

t i mes th a t  in the c h i se l  a nd hoe  cou l t er g r oo v es a t  s im i l a r  s o i l  

mo is t u r e  lev e l s . W h e n  t h e  i n i t ial s o i l  mo i s t u r e  l evel  w a s  i n c r eased 

the r e  was a l mos t l OO% seed g e rm i na t i o n  w i th all  coul t er s . 

Be caus e the d a ta p r e s e n t ed througho u t  t h i s  r e po r t  f o r  the s eed 

fa te  ea te�wry o f  " g e rmi na t e d  bu t unemer g e d "  seed l i ngs a r e  exp r e s s ed 

as  p e r c e n tages o f  the to t a l  numbers  o f  s eed sown , i t  i s  d i f f icu l t  to  

ob t a i n  real i s t i c  c ompa r i sons b e twe en t h e  f a tes of  germ i na ted s e e d s  

when d i f f e r e n c e s  i n  i n i t i al so i l  mo is t u r e  l eve l s  h a d  a l r eady a l tered  

t h e  g ermina t i o n  p a t terns  in  th i s  manner  w i t h i n  t h e  g rooves . Tab l e  

20  t h erefore  l i s t s poo l ed coun ts o f  the numb e r s  o f  unemerged s e ed l i ngs , 

exp r e s s ed as p e r c e n tages o f  th e g e rm i na t ed seeds w i th i n  the ma i n  

t r e a tmen ts o f  i n i t i a l  so i l  mo i s ture l ev e l , and s ub - trea tmen t s  o f  

coul t e r  types . Tab l e  ( 20 ) i s  comp i l ed f rom da ta p r esen ted i n  

tab l e s  1 8  and 1 9 ( a ) . 

• 
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TABLE 20 

Th e e f f ec ts of cou l t e r  ty p e , ini t i a l  s o i l  mo i s t u r e  l evel s a nd p o s i t i on 

of a pp l i ed p r e s s u r e s  o n  u neme rged s eed l ings ; as  a p ercen tage o f  

g e rm i na t ed seeds ( i n t e ra c t i ons ) 

So i l  mo is ture l evel s 

Low 

Adeq u a te 

Level of  s i gn i f i c a n ce 

U nemerged s e ed l i ngs ( p e r c en tage o f  g e rm i na t ed s eeds ) 
Cou l t er type 

C h i s e l  

28 . 4  

3 1 . 4  

N S  

H o e  

4 1 . 5  

29 . 9  

* 

Tr ipl e d i s c  

87 . 2  

56 . 6  

* *  

Po s i tion o f  a p p l i ed P re s s u r es 

Over covered seeds 3 ]  . 9 3 9 . 2  7 1 . 0  

Over unco v e r ed 

seeds 28 . 3  29 . 5  69 . 6  

L e v e l  o f  s i gn i f -

i cance NS  * NS 
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Tab l e  ( 20 )  i nd i ca t e s  tha t the i nab i l i ty o f  s e e d l ings t o  emerge 

a f te r  germi na t i o n  was a f f ec t ed by b o th the i n i t ia l  soi l mo i s ture  l ev e l  

a nd t h e  coul t e r  type . Th e ·  c h i s e l  cou l t er  appeared t o  b e  i ns e ns i tive 

t o  i n i t i a l  so i l  mo is ture l evel in t h i s  respec t .  The tr i p l e  d i s c  

c o u l t er w a s  c l ea r l y  s i gni f i c a n t l y  ( P  = 0 . 0 1 ) s e n s i t ive o f  t h e  three 

c o u l t er types , in this respec t ,  wh i l e the hoe coul ter sens i t iv i ty 

was  i n termed i a te b e tw e e n  the tr i p l e  d i s c a nd c h i s e l  coul t er s . 

Tab l e  1 8 a l s o  shows tha t when pressures w e r e  appl i ed d ir e c t l y  

over t h e  uncov e r ed s e ed , t h e  numb er o f  ungermi n a t ed seeds d e c reased 

c ompa r ed to when p r es s u r e  was a pp l i ed over the  covered seeds  w i th 

a l l  coul ter typ es . Tab l e  ( 20 )  a l so l i s ts poo l e d  counts o f  the  n umbe r s  

o f  ungerm i na ted  s eed l i ngs , expressed a s  percen tage o f  t h e  g ermi na ted 
seeds wi th i n  the ma in trea tments  of the  pos i t i o n  o f  app l i ed pressure  

and t h e sub - t rea tme n t s  of  co u l ter ty pes  . 

. 
From tab l e  ( 20 )  i t  a p pears tha t the hoe cou l t e r  was the  mo s t  

s e ns i t ive to the pos i t i on i ng o f  the p r e s s ure i n  t erms o f  a s s i s t ing 

the g e rmina t e d  s e ed l i ngs to emerge . Th e propo r t i o n  of germ i na ted 
s eed w h i ch b e came u neme r g ed s eed l i ngs  f e l l  s i gn i f i ca n tly ( P  = 0 . 0 5 )  

f rom 3 9 . 2% t o  29 . 5% ( a d i f f e rence o f  9 . 7 % )  w i th th i s  coul t e r , wh i l e  

t h e  reduc t i o n s  w i th the c h i s e l  and t r i p l e  d i s c  coul t ers were c o ns iderab l y  

l es s  ( 3 . 6% )  and 1 . 4 %  r e s p e c t ive l 0 and w e r e  no t s i gn i fican t .  

Summary o f  o ther parame t e r s  i n  experime n ts 1 & 2 

Herbage dry ma t t er  yie l d : 

The herbage dry ma t t e r  y i e l d s  o f  the whea t s eed l ings harves t ed 

a t  day 18 s ugges t ed tha t a t  t h e  low i n i t ia l  so i l  mo i s ture l ev e l , 

t h e  hoe co u l t er h ad p romo t ed s i gn i f i can t l y  lower y i el d s / p l a n t  compared 

to th e c h i s e l  and t r ip l e d i sc coul ters , which  themselves were no t 

s ig ni f i can t l y  d i f f eren t .  A t  tQe ad eq ua t e  i n i t i a l  s o i l mo i s t u r e  l ev e l , 

there  a ppeared to b e  no s i gni f ican t d i f f erences i n  t h e  dry m a t ter y i e l d s  

b e tw een the  t h r e e  cou l ter types . The h erbage d r y  ma t ter y i el d s  p e r  

l OO s ee d s  sown g eneral ly r e f l e c ted t h e  s e ed l i ng emerg ence pa t t e rns o f  

e a c h  co ul t e r  ty p e . 



So i l  i mpedence  measuremen ts : 

The p e n e t rom e t er s tud i e s , emp l oy i ng a s im u l a ted "m e c ha n i ca l  

s e ed l ing " , showed tha t  imped e nc e  per' se i n  these  exper i me n t s  wa s i n  

a range wh i ch was no t expec ted t o  have s i gn i f i ca n t e f f ec t s  o n  true 

emergen c e . Thu s ,  no compar i sons were  made u s i ng the poo l ed d a ta . 

I n-groove s o i l mo i s t u r e :  

A t  t h e  l ow i n i t i a l  s o i l  mo i s ture l eve l , t h e  i n-groove l iq u i d  

1 1 3 .  

so i l  mo i s tu r e  l o s s  curves showed s ig n i f i c a n t ly ( P  = 0 . 05 )  h i gher mo i s tu re 

losses  i n  t h e  LRH regime than tha t i n  the H RH  r e g ime . Thi s was mo s t  

no t i c eab l e  a f t e r  day 9 .  L i q u i d  mo i s ture  l o s s e s  usua l l y  t e nd ed to b e  

h i gh e r  i n  t h e  h o e  c o u l t e r g roov es compared t o  t h e  c h i s e l  a n d  t r i p l e 

d i sc cou l t e r  grooves wh ich may have a c coun ted f o r  the comp ar a t ively 

h i gh p e r c en tage of  ungerm i na ted s e ed w i th t h e  hoe coul t e r . 

A t  th e adeq ua t e  s o i l  mo i s ture  l evel , the i n- groov e l iq u id s o i l  

m o i s t u r e  l o s s  c urves  ( f i g .  8 & 1 0 ) s ugges ted tha t there w e r e  n o  

s i gn i f i c a n t  d i f f erences  b e tween c o u l t er types . 

I n-groove so i l  tempera t u r e : 

Th ere a p pea r ed to b e  a s t eady i ncrease i n  so i l  i n-groove 

t emp e ra t ure wi th t ime i n  a l l  cou l t e r  groov es . This  a p p ea r ed to r e f l ec t  

i n  t h e  ma i n ,  the d ecreas i ng so i l  l iq u id mo i s ture conte n t d a ta . 

F i g . 1 1  shows the p e rcen tages o f  seed l i ng emergenc e ,  u n g e rm i na ted 

s eeds  and " germ i n a t ed b u t  unemerged " s eeds i n  a s er i es o f  h i s tograms , 

as  a func t io n  o f  coul t e r  types , i n i t i a l so i l  mo i s ture level s , and t h e  

pos i t ions a nd i n ten s i t i es o f  ap p l i ed p re s s u r es i n  t h e  HRH r e g ime . T h e  
d a ta i n  f i g . 1 1  a r e  d i s c u ssed a b o v e  a nd a r e  p r e s e n ted i n  tab l es 

1 6 ,  1 7 ,  1 8 ,  1 9 ,  & 20 . Th e f igure , however , i s  p r esented i n  s ummary 

and as a mo r e  rapid  r e f l ec t i on of the trends o f  the pool ed da ta . 

Conc l us i o ns 

The r es u l ts f rom exper i men ts 1 & 2 con f i rm the ear l i e r  resul t s  

o f  Baker ( J 8 ) condu c t ed i n  par t i a l l y  con trol l ed ambi e n t  c o nd i t io ns . 

Fu r th ermore the e f f e c t s  o f  cou l t er  types o n  the componen ts  o f  seed fa t e  
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are a ls o  i n  broad a g r e ement wi th these  e a r l i er exper imen t s . I t  

a p p e a r s  t h a t when s ee d s  were sown under adeq ua te i n i t i a l  s o i l  moi s tu r e  

cond i t i on s , b o t h  t h e  c h i s e l  cou l ter  and t h e  h o e  cou l ter c o u l d  b e  

exp e c ted  t o  g iv e  equal seed l i ng eme rgence per formances . The t r i p l e  
d i sc c o u l t e r , even und er these fa vourab l e  c o nd i t i ons , d i d  no t p e r f orm 

w e l l  i n  t erms of s e ed l i ng es t ab l i s hme n t . 

I n  t h e  d r i e r  so i l , seed l i ng emerg e n c e  f rom grooves c r e a ted  by  

the exp e r i men tal  c h i s e l  co u l t e r  was s i gnj f i ca n t l y  super i o r  to bo th the 

hoe a n d  t r ip l e  c o u l t e r s . In these d ry so i l s , the per forma nc e  o f  

hoe  co u l t e r  was improved to equiva l en t  to tha t o f  the ch i s e l  coul ter  

by  incorpora t i ng a p r e s s  whee l wh i c h  pres s ed t h e  s eeds d ir e c t l y  i n to 

the  b a s e  o f  the g roove b e f o r e  b a r  harrow i ng . S im i l ar l y , the  p er fo rman c e  

o f  the t r i p l e  d i s c  c o u l ter w a s  imp roved t o  s om e  exten t b y  p r ov i d i ng 
a p r e s s  wheel  wh i c h  p r e s s ed the s ee d s  i n to t h e  base  o f  t h e  g roove 

b e fore  cover i ng .  Th i s  l a t ter  c o u l ter  a p p eared to requi r e  a d i f f e r e n t 

fo rm o f  cov e r i ng , i n  ad d i tion to the  p r e s s  whee l s ,  to improve i t s 

p e r forma n c e  to c lo s e  to �1a t o f  t he c h i s e l  o r  hoe cou l t e r  a s s emb l i es . 

C l earl y f u r ther work was req u i r ed to d e termi ne the causes o f  the 

d i f f e r e n c e s  repo r t ed i n  exper j men ts  1 & 2 .  

The fo l l ow i ng h y p o t heses a r e  p u t  f o rward , i f  no t to d e f i ne the 

meas ured e f f ec t s , a t  l ea s t  to p i n po i n t  the  a r e a s  whi c h  m i gh t b e  the 

s ubj ec t o f  f u r ther exper imen ts  w i t h i n  this i nve s t iga t ion . 

( I )  "Mo s i ture Po t e n t i a l  Cap t i v i ty " 

I t  appears logi c a l  tha t a h i gh e r  "mo i s ture po ten t i a l  c a p t i v i ty"  

in  the s e e d  zone was at  l eas t par t ly r e s pon s i b l e  for the  s i gn i f i ca n t l y  

larger s e e d l ing emer genc e cou n t s  w i t h  t h e  ch i s e l  coul ter ; and conver s e l y  

t h e  lowe r  c o u n t s  w i t h  t h e  hoe and t r i p l e  d i s c  coul ters  i n  d r y  s o i l s . 

The con t ra s t i ng phy s i ca l  shapes o f  the grooves s ugges t tha t  whi l e  

the ch i s el  coul ter  grooves may no t have been  a ny mo r e  capab l e  than 

the  hoe and  t r i p l e  d i s c  coul t e r s  of  r e ta i n i ng mo is ture  i n  the  l iq u id 

f orm i t  may h ave b e en mor e  capab l e  o f  r e ta i n i ng s o i l  mo i s t u r e  i n  the 

v apour phas e .  Th i s  appeared to be b ecause of the  dom i nance of the  

m u l ch m a t e r i al in  the  covering med i um a s  f i rs t s ugges t ed b y  Baker ( 6 l )  
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( 1 1 )  "Mo i s tu r e  P o t e n t i a l  D i f fus ion"  

The hypo th e s i s  of  "mo i s t u r e  po t en t i a l  d i f fus ion" sugg es t s  tha t 

a n  i nc r eased a r e a  o f  s eed-so i l  c o n tac t wh i ch seems to h ave b e en 

i nd u c ed b y  p r es s i ng t h e  s eeds i n to t h e  b a s es o f  the " V "  shaped grooves , 

migh t have b een r espons i b l e  f o r  a n  i n c r ea s ed i n i t i a l  supply  and 

sub s e q u e n t  ava i lab i l i ty o f  l iq u id so i l  mo i s t u r e  to the s e ed s , which 

u l t im a t e l y  r e s u l t e d  i n  inc reased s eed g e rm i na t io n  and to a l e s s e r  

ex t e n t s e ed l ing  emergence . Th i s  appeared t o  be  t h e  cas e w i th 

the t r i p l e  d i s c  coul t e r  a nd was a l s o  no t i c e a b l e  w i th t h e  h o e  cou l t e r  

d es i g n ,  a l though to a l esser  ex ten t t h a n  wi t h  t h e  t r i p l e  d is c . I n  

t h e  h o e  coul t e r  g roove , b e c a u s e  o f  the improved seed-s o i l  c o n tac t 

a f t e r  p as sage o f  t h e  pr ess whee l s , and t h e  l o o s e  so i l  c ov e r  over t h e  

t op o f  the s e e d s  a f t e r  passage o f  the b a r  h a r row , i t  i s  poss i b l e  tha t 

b o th " mo i s ture  d i f f u s ion" and "mo i s tu r e  po t e n t ia l  c a p t i v i ty" a t  the 

s eed-so i l  i n te r f a c e  were improved . W i thou t these po s t  d r i l l i ng improvemen ts 

the poo r e r  seed -so i l  contac t and inad e q ua t e  seed cover ( con t a i ni ng 

more  a i r  vo id s )  o f  the ho e cou l t e r  groove a t  the s eed zone app ear ed 

to b e  s ub j ec t ed to a h i gh mo i s t u r e  s tr es s ,  and r e s u l ted i n  d e s i c c a t ion 

of  th e s eed-so i l  i n ter f a c e  a t  a n  early s ta g e  a f t e r  d r i l l i ng . Th i s  

r esu l t e d  i n  a h i gh pe r c en t a g e  o f  ungermina ted seeds . W i th t h e  t r i p l e  

d is c  cou l t er t h e r e  a p p eared t o  be  p l e n t i f u l  mo i s ture  ava i lab l e  i n  t h e  

l i qu i d  p h a s e  to p romo te  s e e d  g e rm i na t ion i n  t he unmod i f i ed groove s ,  

as  t h e  s eeds appea r ed to be  wed ged i n  a mo i s t  layer a t  t h e  b a s e  o f  a 

"V " s h a p ed groo v e . S ubsequen t l y  howev e r , t h e s e  s eeds a p p ea r ed to b e  

s ub j e c ted t o  a l ower "mo i s tu r e  po tent i a l  ca p t iv i ty" and h igh r a t e s  o f  

s ub - s u r f ac e  s e e d l i ng mo r ta l i ty resu l t ed . Be cause o f  t h e  nea t l y  c u t 

na t u r e  o f  the t r i p l e  d i sc groov e s , the b a r  h arrow wa s only  par t ia l l y  

e f f e c t ive  i n  s cu f f ing loose so i l  or rub b l e  i n to t h e  grooves , t o  

a f fo r d  some d e g r e e  o f  cove r . 

( I I I ) The e x po s ed i n ternal  g roove s u r f a c e s  o f  the t r i p l e  d i sc 

g roo v e s  r e s u l t e d  in t h e  appearance of a thin dry layer of s o i l  on 

t h e  g r oove wal l  s u r f aces a f ew d ays a f t e r  d r i l l ing . This  may h av e  

subj e c t ed th e s eeds t o  a lower "mo i s t u r e  po t en ti a l  d i f f us io n  " f rom 

t h e  s o i l  to the s eed i n t e r f a c e  s ome t ime  a f t e r  implanta t ion and 

imb i b i t ion . The end resu l t  appe ared to be the ini t i a t ion o f  a "mo i s tu r e  

d e so r p t ion p ro c e s s "  away f rom t h e  imb i bed se eds wh i c h  m a y  a l s o  have 

con t r ib u ted to the h i gher s ee d l i ng mo r t a l i t y ra te  wi th th e t r i p l e  d is c  

coul t er . 
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The hypo theses  p u t  forwa r d  above mi gh t b e  only f i r s t approxima t ions 

b u t  appear  t o  j us t i fy f u r th e r  s tud i e s  to i nves t iga t e  th ei r val i d i ty 

a nd to pos s ib ly q ua n ti f y  the  i mpo r ta n t  i n t erac t ions i nvo lved . For t h i s  

r ea s o n  a s tudy was i n i t i a ted to f u r t h e r  exami ne the r easons und e r l y i ng 

t h e  f a il u r e  o f  t h e  t r i p l e  d i s c  coul t er , or convers el y ,  the s u c c e s s  o f  

c h i s e l  coul t er . I t  was cons i d e red impo r ta n t  to a t t emp t to f u r th e r  

improv e t h e  p er f ormanc e o f  t h e  t r ipl e d i sc  coul ter a n d  ther eby 

to no t e  the s te p s  t aken i n  a c h i evi ng t h i s . Th e resu l ts of these  

e x p e r i m e n t s  are  r epor ted in  exp e r i me n t  3 .  



CHAPT E R  3 

STUDY OF  L H� I T I ;�G  F .4CTO RS CAUS I NG S EEDL I NG Er1E RGE N C E  

FA I LURE  I N  S MALL  U N D I STU RBED TU RF B LOCKS 

3 . 1 I NTRODUCTION 

I n  ea r l ie r  exper ime n ts the t r i p l e  d is c  coul ter appeared no t 
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to have per form ed well i n  te rms o f  s ee d l i ng emergence .  I n  d r i e r  

s o i ls the s eed l i n g  emergence f rom th e grooves c r ea ted b y  t h i s  c o u l t e r  

w a s  a l mo s t negl i g i b l e , a l though thi s was s igni f i c a n t l y  imp roved wh en 

a pres sure of 70 kPa wa s appl ied over the d irec t d r i l led seed s b e f o r e  

cover i ng .  

Expe r i men t s  were t h e re fore per formed to tes t a numb er o f  d i f ferent  

modi f i ca t i ons to the  t r i p l e  disc  gro o ve wh i ch might  be expec ted to 

improve i ts ab i l i ty to encourage s e ed l i ng emergenc e . A large number 

of  t r eatmen t s  were u s ed . These i nc luded comb i na t ions of  s o i l  and o t her 

forms o f  cover and p r e s s ure appl i ed over groov e s  e i ther cut w i th a 

h and�drawn kn i f e ( to avo i d  smea ring ) , o r  drawn b y  a t r i p l e  d i s c  

c o u l t e r  assemb ly .  De tai l s  o f  trea bnen ts a r e  g iven i n  t h e  d e s c r i p t i on 

of the 3 ind i v i d ual exper iments . 

I n-groove s o i l  l iq u id mo i s ture  c o n t e n t  was mon i tored to gain  an 

i ns i gh t i n to the  e f f e c t s  of  amb i en t  cond i t ions on in-groove s o i l  dry ing 

r a t e s , and in turn the e f f e c ts o f  these  parame ters o n  s eed germ i n­

a ti o n  and seed l i ng ewergenc e .  

3 . 2  MATERI ALS AND METHODS 

Undis turbed t u r f  blo cks ( meas u r i ng 4 5 7  mm long x 304 mm wide  and 

1 00 mm deep)  were c o l l e c ted f rom a " Ra ng i t i k e i  sandy loam" s o i l . 

Wooden b oxes were u s ed for this  purpo s e . The und is turbed s o i l  blocks  

were  extrac ted  by u s ing a spec ially des i gned turf  cu t t i ng f rame . 

Th i s  f rame was pushed ver t i cal l y  i n t o  the s o i l . A spade wa s u s ed t o  

d i g  away t h e  surround i ng area and t h e  so i l  b l o cks w e r e  c a r e f u l l y  

upl i f ted . T h e  broken underside  o f  th e s o i l  b lo cks w e r e  t r i mmed 

f lu s h  w i th the unders i d e o f  the boxes . The s o i l  blocks w e r e  transpo r t ed 

to the labora tory and were treated in the s am e  manner as the l arger 



1 1 9 .  

t i l lage b i ns ( d es c r i b ed ear l i e r )  for  t h e i r  mo is ture s tab i l i za ti o n . 

The s o i l  mo i s ture  l eve l was brough t to  approx ima t e l y  - 1 5  b a r s  b e f o r e  

d r i l l i ng . T h e  s o i l  b l ocks \vere t h e n  " d r i l l ed " wi t h  whea t seed  and 

t rans por ted  to the c l i ma t e rooms . 

The c l ima te rooms were p r e- s e t  to 20/ 1 8°C t empera ture and 

5 5 / 6 0 %  r . h .  day / n igh t .  The purpo s e  o f  s ubj ec t i ng the turf b l o cks to 

mo is t ure s t r e s s  cond i t i o ns was tha t i t  had become apparen t tha t thes e  

were the l imi t i ng cond i t ions  unde r  w h i c h  s e e d l ing emerg ence f a i l ed . 

I n  ea r l i e r  exper i men ts  u nder mo re humi d cond i t i o ns the r e  were smal l e r  

d i f f e rences b e tween t h e  th ree c o u l t e r  types i n  terms o f  s e ed l i ng 

eme rgence . The l arges t d i f ferences i n  coul t e r  p er formances  were  found 

und e r  mo i s ture condi t i o n s  near - 1 5  b a r s . 

The so i l  b l ocks rema ined i n  the c l ima te rooms ( P l a t e  1 2a )  

un t i l seed l i ng em ergence counts  had s ta b i l i zed . Seeds we r e  imp l a n t ed 

s i ngly by hand i n  a l l  t he t r ea tmen ts . 

3 .  3 E XP E R I MENT 3 :  ( P I LOT E X P E R D ! E N T )  

TH E E FF ECTS O F  COU L T E R  DES I G N , COVER I NG A N D  P R ES S I NG T E CH N I Q U ES 

OlJ ;, E E D L I �l G  E t t ERG E' N C E A N D  S E ED FAT E . 

Ob j e c t i v e s : 

I n i t i a l ly an unre p l i c a r ed p i l o t t r ia l  was conduc ted  whi ch was 

exp e c t ed to t e s t the f eas i b i l i ty of us i ng sma l l  turf  b l ocks f o r  t h i s  

purpo s e ,  a n d  t o  ind i c a t e  t h e  impo r tance o f  seed  p l acemen t i n  rela t i o n  

to the ra t e  o f  d r y i ng o f  the groove wa l l s .  The t r eatmen ts  were as  

fol lows : 

( i )  Seed s sown imme d i a tely a f ter  f o rm i ng the  grooves 

( i i )  S e e d s  sown 1 2  J-ours af ter  formi ng t h e  grooves 

( i i i )  

( iv )  

( v )  

(vi ) 

(vi i )  

( i x )  

1 1  1 1  

1 1  1 1  

" " 

24 

36 

4 8  

1 1  

" 

1 1  

1 1  " " 

" " " 

" " " 

S e e d s  sown and covered w i th  loose so i l  

1 1  

1 1  

" 

S e e d s  covered wi th loose s o i l  and f o l l owed by p re s s i ng o n  the  

top of  the groove a t  7 0  kPa . 

Uncovered seed d i r e c t l y  p r e s s ed i n � to t h e  bas e o f  the  g roove 



a t  7 0  kPa and c overed wi t h  l oo s e  so i l  · 

( x i )  S eeds  d r i l l ed and co vered wi th c l ear p o l y t hene . 

1 20 .  

I n  each t rea tme n t  20 seeds  we r e  s own . I n  la ter expe r imen t s  s ome 

of t h es e  t r ea tmen t s  were e l imi na t ed . 

Res u l t s  and D i s c u s s i o n  

T h e  unrep l i ca t ed s eedl ing eme rgence c o u n t s  f rom t h i s  p i lo t  

t r i a l  sugges t ed tha t s ee d l ing emergence had b een almo s t  zero when s e e d� 

were s own i n  the abs e nce o f  any type  o f  cove r . S eeds s ow n  a t  various  

t ime l ap s e s  a f ter forming the grooves  apparen t l y  suffered  i n  tha t 

th e i r  r a t e s  o f  mo i s ture  imb i b i t i on were p rogres s ively s lower as the 

t ime in terval  increased . Seed l i ng emergence appeared to  b e  improved 

f rom 0 to 30% in  the t r i p l e  d i s c  g rooves when pressures were a p p l ied 

d ir e c t l y  over  the seed  a t  7 0  kPa . S imilar r e s u l ts  occurred when seed  

was  p r e s s e d  and  then  cove red wi t h  l oo s e  s o i l . Seedl ing eme rgence 

a ppEa r ed a l s o  to be improved whe n  grooves were covered wi th c lear 

poly thene , compared w i th no cov er . 

I t  w a s  appa ren t f r om these  r es u l t s tha t mo re de ta i l ed work was 

j us t i f ied  to a t temp t to mo re f u l l y  record and unders tand the  proces s e s  

o f  s o i l  mo i s tu r e  ava i lab i l i ty to t h e  seeds d i re c t d r i l l ed u s i ng a 

t r ip l e  d i s c  co ul t e r . 

3 . 4  EXP ER IMENT 4 :  THE EFFECTS OF COULTER DES IGN AND PRES S I NG AND 

COVERING TECHNIQUES ON S EEDL ING EHERGENCE AND SEED FATE . 

3 . 4 . 1 Exper imen t 4 ( a )  Co u l t e r  des ign and s e l e c t ed pr e s s i ng 

and cover i ng techniques 

Objec t ives : 

I n  t h i s  ma in exper imen t the fo l lowi ng t rea tmen ts  were tes t ed 

in  a n  e f f o r t  to i s o l a t e  the e f fe c t s  o f  smear , s o l l-seed con tac t ,  and 

cover o n  s eedl i ng eme r gence and s o i l  mo is ture  d ry ing ra tes . 

(A)  S imu la ted t r i p l e  d i sc  c a u l  t e r  "V" shaped g rooves c u t  w i th a 

kni f e  ( no smea r )  

( i) S e ed p l a c ed i n  t h e  g rooves , b u t  no cover o r  p r e s s u r e  a pp l i ed . 
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( i i )  U np r es s ed s eed , covered w i th l o o s e  so i l  

( i i i )  S eed p r e s s ed d i rec t l y  i n to the b a s e  o f  the  groove a t  7 0  kPa 

( iv )  U np r e s s e d  s e ed , cover ed wi th c l ea r  po l y th ene . 

( B )  Grooves f o rmed b y  t r i p l e  d i s c  cou l ter  

( i )  S eed p l a c ed i n  the grooves , b u t  no cover o r  p r e s s ur e  appl i ed 

( i i )  Unp res s ed s e ed , covered wi th loose  s o i l  

( i i i )  S eed p r es s ed d i rec t l y  i n to t h e  b a s e  o f  the groove a t  7 0  kPa 

( i v )  U npressed  s eed , covered wi th c l ea r  po l y thene . 

The exp e r imen t  was a compl e t e l y  random i s ed b lock d e s i g n  w i th thr e e  

r ep l i c a te s . I n  ea c h  t r e a tmen t 20  seeds  wer e  sown . Grav ime t r i c  ma t r ix 

( u nd is turbed s o i l  b e tween grooves ) s o i l  l i q u i d  mo i s ture was d e t e rm i ned 

us ing a core samp l er . S p ec i f i ca t i o n s  and raw da ta are g iven in append ix 8 .  

R esul t s  and D i s c u s s i o n 

( a ) S eedl i ng emergence and s e ed f a t e : 

Tab l e  2 1  shows the s eed l i ng emergence and s eed f a t e  d a ta i n  exp e r iment 

4 ( a ) . From the tab l e  i t  appea rs  tha t when s eed s had been s own in the 

g roov e s  mad e  e i ther by a hand-drawn kni f e  o r  the t r i p l e  d i s c  c o u l t er 

i t sel f l i t t l e  o r  no s e ed l i ng eme rgence was a p parent  wh ere t h e  grooves 

were uncove r ed or covered w i th loose  s o i l .  

S ee d l i ng eme rgence was s i gni f i c an t l y  i nc reased ( P  = 0 . 0 1 )  to 23 . 3% 

and 1 8 . 3% r es p ec t iv e l y  i n  both the k n i f e  c u t  grooves and the  grooves 

f o rmed by the t r i p l e  d i s c  coul ter , when the  s eeds  were p r e s s ed i n to the 

g roove base at 70 kPa . Th ese res ul t s  con f i rmed tho se ob ta ined in  the  

t il lage b i n  exper imen t s . Th ere was no s i gni f icant  d i f f er ence  b e tween the  

method s of  groove f o rma t ion in  t e rms o f  s e ed l ing emergence . 

When the  t u r f  was cove red w i t h  transparent  poly thene , s e ed l ing eme rg­

ence w i th b o th groove f o rma t i on me tho d s  was i n c r eased s ig n i f i c a n t l y  (P = 0 . 0 1 )  

c ompared t o  thos e  w i th no cover . Th e r e  wer e  howeve r , no s ig n i f i ca n t  

d i f f er e nc e s  b e tween po l y thene cover i ng a nd when seeds w e r e  p r es sed a t  7 0kPa . 



TABLE 2 1  

The e f f ec ts o f  seed drilling and covering techniaues on the seedl ing emergence and fate o f  direct drilled whea t seeds 

Treatments 

(A) Knif e  cu t sloped groove 

( i ) No cover 

( ii) Loo se soil cover 

( i ii)  S eed pressure at  

7 0  kPa 

( iv) Polythene cover 

(B) Triple d isc groove 

( i )  No cover 

( i i) Loose  soil cover 

( iii)  Seed pressed at 

70 kPa 

( iv) Poly thene cover 

Emergence 

% 

2 . 5 A 

6 . 6  A 

23 . 3  .B. 

3 5 . 8  BC 

0 11 
0 11 

1 8 . 3  12 
38 . 5  !l.C 

Germinat ed bu t unewerged seed s 

% 

( Dead + viable) To tal 

( 2 2 . 4  + 1 0 . 4 )  3 2 . 8  R 

( 3 7 . 8  + 5 3 . 5 )  9 1 . 3  Q 

( 3 9 . 1  + 1 6 . 9 ) 56 . 0  E 
( 38 . 7 + 23 . 6 ) 62 . 3  Q 

( 2 . 6  + 3 . 8 )  6 . 4 § 
( 60 . 2  + 1 3 . 6 ) 7 3 . 8  Q 

( 3 2 . 6  + 6 . 6 )  39 . 2  .B. 
( 3 6 . 6  + 1 9 . 8 ) 56 . 4  .R. 

Unl ike l e t t ers in a column show signif icant d i f f er ences a t  (P  0 . 0 1 )  

Ungerminated seed s 

% 

64 . 6  L 

2 . 0  K 

20 . 6  � 
2 . 8 .K. 

9 3 . 5  M 

27 . 8  N 

4 2 . 4  l::l 
4 . 4 .K 

...... 
N 
N 
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P l a tes  ( 1 2b to 1 2g)  i l l u s tr a t e  r espec t ive grooves a nd t h e  pa t tern 

o f  s eedl i ng emergenc e .  

Tab l e  2 1  a l s o  shows the  seed f a t e  coun ts i n  bo t h  types o f  

grooves . When t h e  se ed s were uncovered , ther e  appea r ed to  b e  a 

s ig n i f ican t l y  h i gher ( P  = 0 . 0 1 )  percen tage o f  u ngerm i na t ed s e ed s  

wh e n  the t r i p l e  d i sc co u l ter  was u s ed compared t o  t h e  kni f e-cu t 

grooves . Th i s  d i f f erenc e ,  however , was mirrored i n  t h e  correspond i ng 

numb er o f  "germ i na ted b u t  u nemerged " s eed s \vh ich wer e 3 2 . 8% i n  

t h e  k n i f e  c u t  grooves and 6 . 4 %  w i th t h e  t r ip l e  d i sc  coul ter . 

When loo s e  so i l  cover wa s pro v i d ed over the seed s the  percen tage 

of " germ i na ted bu t unemerged " seeds t.;ra s s igni f i can t l y  increased 

( P  0 . 0 1 )  to  9 1 . 3 % w i th t h e  kni f e  c u t  grooves and 7 3 . 8% w i t h  the  tr i p l e  

d i s c  coul ter , wh i l e  t h e  numb er o f  ungerm i na t ed s e e d s  d ec l i ned 

e s pe c i a l l y  in the  kni fe  cu t grooves . Th i s  sugges ted that  l o o s e  s o i l  

c o v e r  wa s probab l y  ab l e  t o  ma i n ta i n  h i gher  so i l  mo i s ture p o t en t ial 

i ni t i a l l y  to al low the s e ed s to germ i na t e . Th i s  wa s mor e  so i n  the 

k n i f e  c u t  groove wh ere for some reason , the  seed s were apparen t l y  able 

to e x p l o i t  the  so i l  mo i s ture  f rom the  i n t e rior sub - surface  at  the 

groove base . 

A further  exam i na t io n  o f  the  s eed s i n  "germina t ed bu t u nemer ged " 

ca t egory was made by irr i ga t i ng t l le  recovered seeds and s eed l ing . 

The co l l ec t i on o f  this d a t a  was i nadv e r t e n tly  poo led across  a l l  

r e p l i c a tes  and co uld no t t he r e f o re b e  s ta t i s t i ca l l y  anal y s ed . Th e 

d a ta sugges t ed however tha t there were l a rger numbe r s  o f  viable  s eed l i ngs 

i n  the k n i f e  c u t  grooves compared to t he grooves f o rmed by the tr i pl e  

d i s c  cou l ter . I n  the absence o f  i r r i g a t io n ,  and where seeds  had b een 

p r e s sed a t  70 kPa , there app eared to be a larger propo r t io n  o f  

ungermina t ed s e e d s  ( 4 2 . 4 % )  i n  the t r i p l e  d i sc  formed grooves 

compared to 20 . 6% i n  the k n i f e  c u t  grooves . Th i s  d i f f erence wa s 

a l so r e f l ec ted i n  higher s e ed l ing emergence d a ta i n  bo th cas es . 

Wh en t h e  poly thene cover was prov id ed on the k n i f e  c u t  grooves , 

there  was a s i gni f ican tly ( P  = 0 . 0 1 )  larger propo r t io n  o f  "germina t ed 

b u t  unemerged " seed ( 5 2 . 3% )  c ompared to 2 . 8% ungermi na ted seed s . 

A s im i l a r  o b s e rvat ion  wa s mad e i n  the  tr iple  d i s c  coul t e r grooves . 
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l' l a t e  1 2  Typ i c 8 J S N ' c1 U ng emergence p a t r f"1' t l  j r, i ni t i 'l ll y  d r y  sc il on day 1 7 ;  

I.  i1 '1 (" 01 1 ( l <. ·1 V j ��.' 
f; o i 1 b L "  

· . , J . ' 1  und i � Lu r b <!i.'  
� r-e· rL lO I'' 

( h )  J'h e hctn d - cl ; 
w ·i t } ,._ , u ' C O \  
t1 , ,  '"; f ·e r 1  .�� r  

. ,  1 1 ;  f e  c u t  g r ooves 
: p r e s s u r e  ( no te 
; , / emergence) . 

( c) The t r ip l e  d i s c  cou l t e r  groove 
wi thout cover and p r e s s u r e  ( no t e  
no s e e d  germ i  r1a t ior) emer �enc e )  . 



P l a t e  1 2 . Typ ical  s eedl ing emergence p a t tern  in initially dry soil  o n  d ay 1 7 : 

( d )  The hand-draw n  k n if e  cu t groove w i t h  ( e) 
70  kPa preesure  d ir e c t l y  over s eed 

The t r i p l e  d is c  c o u l ter  groove w i th ( f )  B o th the  h and - dr aw n  k n if e  c u t  a nd 
7 0  kPa p r es sure d i re c t l y  over seed . Tr i pl e  d i s c  coul t e r  grooves 

covered w i th c l ea r  polythen e  
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( b )  S o i l  mo i s ture co n tent  

Th e i n i t i a l soil  mo i s ture co n t en t at  the  s tar t of  the  exp e r imen t  

was a t  1 5 . 5% ( d . b . ) . Th e ma t r ix l iq u i d  s o i l  mo i s ture c o n t e n t s  and 

t h e i r  d r y i ng ra tes are shown in F ig l 2a .  The f i gure shows tha t a 

s i gn i f ic a n t  ( P  = 0 . 05 )  loss  o f  s o i l  mo is tu r e  had occ urred by  day 

3 compa r ed to tha t o n  d ay l .  L i q u id so i l  mo i s tu r e  f e l l  gradu a l l y  

a f t e r  tha t a nd by  d ay 9 the mo i s ture con t e n t  was down to  8 . 7 % 

3 . 4 . 2  Exp e r imen t 4 ( b ) : P romi s i ng s e l e c ted cou l t e r  d e s igns , 

P r es s i ng a nd cov e r i ng techniques 

Obj e c t ives : 

The resul t s  f rom exper imen t 4 ( a )  were encouraging i n  terms o f  

s eed l i ng emerg enc e when cove r i ng a nd p r essu r e  t r ea tme n t s  were 

app l i ed .  I t  was po s s ib l e  a l so tha t por t io ns o f  the d r y  s o i l  s u r f a c e  

migh t have b e e n  pushed i n to the  b a s e  o f  t h e  t r i p l e  d i s c  f o rmed 

grooves , c r ea t i ng an  over l a y  on the mo r e  mo i s t  i n terior  o f  t h e  

grooves . Th i s  wa s though t to have been a p o s s i b l e  cau s e  o f  t h e  

general l y  l arger numb er o f  ungerm i na t ed seeds  i n  thes e t r e a tmen ts . 

I t  was  ther e f o r e  cons i d er ed d es i ra b l e  to c l ear some o f  the  grooves 

of t h i s  dry soil us i ng a d omes t ic �ac uum c l eaner . A larger numbe r  

o f  s e e d s  ( 4 0 ) were sown p e r  tr ea tmen t t o  inc rease t h e  sampl i ng 

accuracy  o f  the resu l ts and the r e p l i c a t e  number wa s i nc reased to 4 

in a compl e t ely random i s ed b l o c k  d e s ign . 

The t r ea tmen t s  were as  fo l l ows : 

(A )  S imul a ted t r ip l e  disc  coul ter  "V"  shaped  grooves cut  wi th a 

k n i f e  ( no smear ) . 

( i ) S eed placed i n  the g rooves , bu t no cover o r  pressure  appl i ed . 

( i i )  Seed p r e s s ed d i r ec t l y  i n to the base  o f  groove a t  7 0  kPa . 

( i i i )  Unpressed seed covered wi th loo s e  s o i l . 

( iv )  Unpressed s eed cov e r ed wi th c l ear poly thene . 



( B )  G rooves drawn by  t r i p l e  d i s c  cou l t e r  

( i) S eed p l a c ed in the g rooves , b u t no cover o r  p r e s s u r e  

app l ied . 
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( i i )  S eed p l ac ed i n  the grooves , c l ea r ed o f  loose  s o i l  u s ing a 

domes t i c  vacuum c l eaner . 

( i i i )  Grooves c l eared o f  loose soi l , and seed pressed d irec t l y  

i n t o  t h e  base o f  t h e  groove a t  7 0  kPa . 

( iv )  Seed p l a c ed i n  the  grooves a s  i n  ( i ) and f o l l owed b y  

pressur e a t  7 0  kPa . 

( v )  Unp r e s s ed s eed covered wi th l o o s e  so i l . 

( v i )  Unp r e s s ed seed , covered wi th c l ea r  poly thene . 

S im i l ar measuremen t s  were used a s  in  expe r imen t 4 ( a) . 

Re s u l t s : 

Tab l e  22 shows the f i nal ( d ay 1 7 )  seed l i ng emergence coun t s . 

From the tab l e  s im i la r  t r end s as  were d e s c r i b ed i n  exper imen t 4 ( a )  

were  apparen t . T h e r e  appeared t o  b e  neg l i g i b l e  seed l i ng emergence 

in the uncovered grooves and tho se covered w i th loose soil  for  b o t h  

t h e  k n i f e-cu t grooves and those fo rmed by  the  t r i p l e  d is c  cou l t e r . 

S eedl i ng emergence increased s i gni f i c a n t l y  i n  b o t h  types o f  grooves 

when the seed s were p r e s s ed d i r e c t l y  a t  70 kPa o r  covered w i t h  

p o l y thene bu t the r e  were no s i g n i f icant  d i f f e re nc es in  seed l ing 

emergence b e tween the  two types o f  groov e s , nor be tween the  t r i p l e  

d i s c  grooves c l ea r ed o f  d ry so i l , o r  l e f t i n ta c t . Th e seed f a te 

was no t d e termi ned i n  t h i s  expe r ime n t . 

D i sc u s s ion  o f  Exp e r imen ts 3 ,  4a , and 4 b  

The seed l i ng emergence and seed f a t e  p a t terns o b s erved i n  

exper ime n t s  ( 3 ,  4 a  and 4 b )  were  s im i l a r  t o  t h o s e  ob t a i ned i n  the  

t i l lage b i n  exper ime n t s  w i th the  t r i p l e  d i sc  coul t e r . Wi th b o t h  t h e  

k n i f e  cu t grooves and tho se fo r med by the t r i p l e  d i s c  cou l t e r , t h e r e  

appeared t o  b e  n o  s i g n i f ican t d i f f e r ences  i n  seed l i ng emergence , 

i n  t h e  absence o f  any f orm o f  g roove cover . Th i s  s ugges t s  tha t 

e i ther  such local i s ed sm ea r i ng a nd / o r  compac t ion wh i ch had o c c u r r ed 

w i th the  t r i p l e  d i s c cou l ter  and wh i ch wa s absen t  f rom the k n i f e  cu t 

g rooves , were no t d i rec t l y  r es pons ib l e  f o r  seedl ing emerg enc e i n  

d ry s o i l s , o r  no such smea r i ng and / or c ompa c t ion had o c c u r r ed . 



TABLE 22 

The e f f e c t s  o f  groove f o rma t i o n  and s eed cover i ng tech n i q u es 

on  s eed l ing emer gence 

Trea tmen t s  S e e d l i ng emergence % 

( A )  S imul a t ed t r ipl e  d i sc cou l te r  "V"  

shaped  grooves cut  wi th a kni f e  

( i ) 

( no smear)  

S e ed placed i n  the grooves but  no cov�r 

o r  p r essure app l i ed 

( i i )  S eed pres s ed d i rec tly  i n to the bas e o f  

0 B 

groove a t  7 0  kPa 35 . 0  A 

( i i i )  Unpressed seed  covered wi t h  loose so i l  2 . 5  B 

( iv )  Unpressed s e ed covered w i th cl ear p o l y thene 24 . 3  A 

( B )  G ro oves d r awn by t r i p l e  d i s c coul t e r  

( i )  S e e d  placed i n  the g ro oves , bu t no 

cove r or p r e s s u r e  ap p l i ed 

( i i )  S eed  placed i n  the groov es , c l eared 

3 . 7  B 

o f  loose s o i l  us ing a d omes t i c vacuum c l eaner 0 B 

( i i i )  Grooves c l eared o f  loo s e  s o i l , and seed 

p r e s s ed d i r ec t l y  i n t o  t h e  base of  the g rooves 

a t  70 kPa . 30 . 0  A 

( iv )  S eed pl aced i n  the grooves as i n  ( i )  a nd 

f o l l owed by p r es s ure a t  7 0  kPa 

( v )  U n p ressed seed cove r ed wi th l oo s e  s o i l  

3 2 . 5  

0 

A 

B 

( v i )  Unpressed s e ed , cove red wi th c l ear poly thene 20 . 6  A 

Unl ike l e t ters  show s i gn i f i can t d i f f erence a t  ( P  0 .  0 1 )  

1 2 9 .  



La t e r , t h i s  was suppor ted b y  work repo r ted  b y  Mai
( 56 )

, who d id no t 

d e t e c t any mea s u r ed smear i ng e f f ec t s  o f  the t r i p l e  d i s c  cou l t e r  

i n  " To komaru s i l t l oam" s o i l  a t  s o i l  mo i s tur e con ten t s  l es s  than 
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25% , a l t hough compac t i on had o cc u rred a t  h igher s o i l  mo is ture l ev e l s . 

When a loose  so i l  cover was prov i d ed ov e r  the  grooves , there  

was s ome seed l i ng emergence ev iden t  but  a large and s ig n i f i can t 

p r o po r t ion o f  s eed s had g e rm i na t ed b u t had no t emerged . Thi s  

imp l i es tha t t h e  imp roved seed cover may have hel ped t o  main t a i n  

h i gh e r  mo is ture po ten t ia l  a t  the  seed-so i l  i n ter face , bu t tha t t h e s e  

g ro o v e s  w e r e  no t ab l e  to sus t a i n  a h igh e nough mo i s t u r e  po t e n t i a l  

d ur i ng the  sub - s u r face  s e ed l i n g devel opme n t  p e r iod . T h e  roo t s  had 

po s s i b l y  no t been ab le  to pe n e t r a t e  and es tab l i sh thems elves i n  the  

low e r  and mor e  mo i s t  regions of  the so i l  s u r round ing t h e  groov e 

d u r i ng t h i s  per iod . Th i s  po s s ib i l i t y appeared t o  be par t i c u l a r l y  

p r o no unced i n  the  grooves fo rmed by the t r i p l e  d i sc coul t e r  whe r e  

a l a r ger  propor t io n  o f  "germina ted bu t uneme rged " ( d ead ) seed l ings 

were recovered than f rom the kni fe c u t  g rooves . I t  was though t tha t ,  

t h e  t r i p l e d i s c  cou l t e r  w i t h  i t s  c u t t ing and wed g i ng ac t ion , had 

c a r r i ed down d r i e r  s o i l f r om the sur f ac e  i n to the base  of the grooves . 

I n  t h e  gene r a l l y  d r y  so i l  mo i s ture  r eg i me t h i s  migh t have resul t ed 

in  t h e  s o i l-seed i n t e r f a c e  b e i ng a t  a lowe r mo i s tu r e  po t e n t i a l  than 

tha t of  the kni f e - c u t  grooves . A l though s ome suppo r t  o f  th i s  

hypo thes i s  wa s sugges ted by the h i gher propo r t i on ( 5 3 . 5% )  o f  v ia b l e  

s e e d l ings i n  "germina ted b u t  uneme rged " c a tegory , i n  the kn i f e  cu t 

g r o ove s compa red to the g rooves fo rmed b y  the t r ip l e  d i sc  coul t e r  

( 1 3 . 6% ) . The r emova l o f  t h i s  d ry so i l  i n  exper iment  4 ( b )  

d i d  no t imp rove t h e  eme rgenc e  perfo rmanc e . N o  f i rm conc l us i ons 

o n  t h i s  aspec t can there fore  b e  mad e at  this s t age . S eed l i ng 

emergence improved s i gn i f ican t l y  ( P  = 0 . 0 1 ) bo th i n  the kni f e  

cu t g rooves ( to 32 . 5% )  and i n  t h e  grooves f o rmed b y  t h e  t r i p l e  

d i s c  coul ter  ( to 35 . 0% ) , wh en the se ed s we re pressed into  t h e  base  

o f  the  grooves . Th ese  i nc r eases  suppo r t t he hypo thes i s  of  the  

impor tance o f  an  " imp roved mo i s t u r e  d i f f u s ion" by imp rov ing c o n t a c t 

a t  the soil  seed i n t e r f a c e . When the g rooves were  covered wi th 

t ransparen t  po l y thene , the s e ed l i ng eme rgenc e perc en tage inc r ea s ed 

t o  levels comparab le to  those o b ta i n ed by appl ied p r e s s u r e s  d i r ec t ly 

o v e r  the seeds . The po l y the ne cover was expec ted to ma i n t a i n  1 00%  

r e l a t ive humi d i ty wi t h i n  t h e  groove . I ndeed condens a t ion o f  mo i s t u r e  

w a s  appa ren t on t h e  i nner sur faces o f  the  poly thene and t h e r e  was 
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a lmo s t  1 00% s e e d  germina t io n  whi ch suppo r ted t h e  bel i e f  o f  a h i gh 

mo i s ture  po t e n t i a l  ava i l ab i l i ty .  Howeve r  unexpec ted l y  h igh 

p e r cen tages of " ge rm i n a t ed bu t unemerged" seeds ( 6 2% i n  the kni f e  

cu t ,  and 56%  i n  the  t r i p l e  d i s c  grooves ) were observ ed und e r  the  

po l y thene . In  the  p resence of  an  apparen tly  h igh in- g roove 

r e l a t iv e  hum i d i ty ,  hi gher  p er c en tages of s e ed l i ng emergence were expec ted . 

There appeared t o  b e  no s imp l e  exp l ana t io n  for  the d e c l ine i n  s eed l ing 

emergence f rom the  poly t hene covered grooves . The fac t tha t 

o f  the unemerged seedling  3 7 %  were dead sugges t s  tha t the env i ronmen t ,  

a l though mo i s t ,  was also  anae r ob ic and th i s  suppor ted o th e r  harm f u l  

ph enomena , perhaps assoc i a ted wi th fungi . 

3 . 5  CONCLUS I ONS AND RES EARCH PRIORI TI ES 

This s tu d y  wa s ab l e  to c o nf i rm in  mo r e  d e ta i l  ear l ier  r e s u l t s  

o b tai ned i n  ex per imen t s  l a  and l b . These  r esu l t s  a l s o  s t r e ng thened 

th e v i ew tha t there was no harmful  smea r i ng and /or  compac t io n  a t  the 

s e ed - s o i l  i n t e r f a c e  f rom the use of the t r i p l e  d i sc cou l t e r  i n  d ry 

s o i l s . The hypo thes i s  t h a t  a t: " improved mo i s ture  d i f f u s ion"  

o c c u r r ed in  the l i q u i d  and / o r  vapo ur phas e ,  when seeds  we r e  p r e s s ed i n to 

t h e  base o f  t h e  grooves , wa s given added cred i b i l i ty . Th i s  a l so 

imp l i ed ,  howev e r , tha t i n  o r d e r  to q uan t i f y the re l a t ionsh ips  b e tween 

s ee d l i ng emergence and the mechanism o f  s o i l  mo i s tu r e ava i l ab i l i ty 

t o  the  seed , a paral l e l  labora tory s t udy o f  whea t seed mo i s ture 

i s o t herms wou ld f i rs t b e  req u i red . 

From the above s t udy i t  wa s a l s o  appar en t tha t the na t u r e  o f  the 

s eed cover was impo r t a n t  i n  improv ing the "mo i s t ure p o t en t i a l  

c a p t i v i ty "  i n  t h e  seed-so i l  in t e r f ac e , wh i c h  i n  turn migh t have had 

an e f fec t on s eed l ing eme r gence . The s tudy has so far b e en u nab l e  

t o  measure t h e  s eed -so i l  i n t er face mo i s t u r e  po ten t i a l  and t h e  

q uan t i ta t ive e f f e c t s  o f  th i s  pa rame t e r  o n  seed l ing emergence 

p e r f o rmanc e . Fur ther expe r imen tal inve s t i ga t i on was ther e f o r e  

f e l t  t o  b e  j u s t i f i ed and is  d e s c r i b d in  the f o l l owing sec t i on . 
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I n  ea r l i e r  expe r imen t s  i t  appeared tha t und er  dry so i l  and amb i en t  

cond i t i ons , mo i s t u r e  supp ly t o  the seed was a n  impo r tan t l im i t i ng 

fac t o r . I t  was r ep ea t ed l y  d emons tra ted  tha t seed germ i na tion  and 

s eed l i ng emergence could be imp roved by : 

( a )  Prov i d i ng a s tubble  mu lch cover over  the  s e ed , as wi t h  t h e  

ch i s e l  co u l t e r . 

( b )  App ly i ng p re s s u r e  d i re c t l y  ov er  the  seed i n  the groove f o rmed 

b y  t r i p l e  d i s c  and hoe co ul ters . Th i s  app eared to b e  due to 

imp roved s eed- s o i l  con ta c t .  

( c )  P rovid i ng b e t t e r  loose so i l  o r  poly th ene cove r over t h e  open 

g rooves f o rmed by  the t r i p l e d i s c  or  hoe coul ters . Th i s  appeared 

to ma i n t a i n  the seed-so il i n te r f a c e  r e l a t i v e  hum i d i ty a t  h igher 

l eve l s  than in uncovered grooves . I t  seemed approp r i a te t h e r e f o r e  

t o  a t temp t to measure the seed-so i l  i n t e r face  mo i s ture i n  t e rms 

of re l a t ive humi d i ty in the d i r e c t  d r i l l ed grooves a s  a f unc t i o n  

o f  comb i n a t ions o f  p r e s s u r e  and cov e r i ng techniques . I t  was 

a l so cons i d e r ed d e s i rab le to a t temp t to rela te  these seed-so i l  

i n ter face m i croenvi ronme n t  measu remen t s  t o  the  whea t s e ed , 

imb ib i t i o n  i s o therms and to the p e r c e n tage o f  seed germina t i o n  

and seed l i ng eme rgenc e . 

4 . 2  MATERI ALS AND METHODS 

De term ina t i on o f  whea t seed mo i s ture  abso rp t i on i s o therms 

The r a te of seed germina t i on may be d e te rmined by the  r a t e  o f  

wa ter  absorp t ion by. v iab l e  seed s . Di f feren t s eed spec i e s  mus t reach 

d i f fe r e n t  c r i t i ca l  mo is ture l eve l s  before germ i na t ion can take p l a c e . 

A numb e r  o f  au t h o r s ( 6 , l , S ) 
conc luded tha t the  p rocess o f  wa t e r  

ab s o rp t ion was c o n t r o l l ed by  e i ther : 

( a )  S eed  p roper t i e s , o r : 

( b )  S o i l  p roper t i es . 
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Wi l l i ams and S haykwich
( 1 0 )  

f ound exper imen t a l l y  tha t seed p roper t i es  

con tr o l l ed the i n i t ia l  rate  o f  abso r p t io n  in  mos t  soi l s  bu t t h e  

s u b s e q uen t increase i n  th e s eed conduc t ive proper t i es caused the 

s eed and so i l  p rope r t i e s  to b e  s imilar , so tha t the overal l ra te  o f  

absorp tion  wa s c o n t ro l l ed b y  the s o i l  p roper t i es . 

Exper ime n t s  were conduc ted to d e t e rmine the 1 1Karamu 1 1  whea t 

mo i s ture  absorp t ion iso therms i n  s a l t so l u t ions o f  d i f f e r en t mo l a l i t i es . 

Wa t e r  vapour abso rp t ion r a t e s  o f  1 1 Ka r amu 1 1 whea t seed were a l so d e termined 

by expos ing the seeds to con t ro l l ed vapour p r e s s u res over the top  o f  

the  s a l t s o l u t ions  wi thou t the  seeds hav ing phys i cal con tac t wi th  the 

s o l u t ion . 

Expe r imen t a l  Me thod s 

S eed P repara ti on : \.Jhea t seeds  (var i e ty  Karmau ) o f  9 () .0 % 

v i ab i l i ty were s to red i n  sea led poly thene bags under cons tan t hum i d i ty 

cond i t ions . The mean mo i s ture co n ten t o f  the s eeds thus t r ea ted 

was found to be 1 6 . 5% ( d . b . ) . The ma i n t enance of seed a t  cons tan t 

i n i t i a l  mo i s t u r e  con te n t s  was cons idered c r i t ical , s ince the exper imen t s  

o f  H i l le l  
( 7 )  

h a d  shown tha t the ra t es o f  abso rp t ion and germ i na t ion 

d e p e nded upon the  anteceden t mo i s ture con t en t s . Th is  mea n t  tha t 

the  d r ier  the s eed , the mo r e  rap i d l y  i t  would abso rb mo i s t u r e , a nd 

germina te . 

S a l t so l u t i on prepa ra t i o n : S od i um chlo r i d e ( NaC l )  s o l u t ions 

were p repared . The s ix s o l u t i ons  represen ted the fol low i ng mo is ture 

po t en t ial s : 

NaCl S o l u t ions 

( mo l  al i ty) 

Sa tura ted s o l u t io n  

2M 

1M 

0 . 5  M 

0 . 25M 

Di s ti l l ed wa t e r  

Mo i s ture Po ten t ial  a t  20
°

C 

( - b a r s )  

3 8 7 . 3  

9 5 . 7  

4 5 . 5  

22 . 5  

1 1 . 4 

0 

Wi l i e  ( 8 8)  

Lang ( 89 )  
1 1 

1 1  
1 1  

1 1 

I t  was expec t ed tha t these s a l t  s o l u t i ons  wou l d  g ive a wide p a t tern  

of  s eed absorp t ion iso therm charac ter i s t i c s . 
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Expe r imen t a l  P rocedure : Twe lve s amp l es o f  whe a t  s eeds , weighing  

8g  each were  used . The  f i rs t  se t o f  exper imen t s  cons i s t ed of  measu r ing 

s eed absorp tion  i so therms in the vapo u r  f o rm wi thou t the seed hav ing 

a ny p h y s i c a l  con tac t w i th the  l i q u i d  so l u t i ons . S a l t s o l u t ions o f  

1 00 m l  each were p l aced i n  s ix j a rs . The seeds  con tai ned on a d i sh 

shaped gauze , we r e  l owered i n to the j a r s  t o  a pos i t ion 1 0  mm above 

the so l u t ions . Th e open ends o f  the j a r s  we re sea l ed to ma i n t a i n  

Lhe  wa t e r  vapour p r e s sure i ns i d e . 

I n creases i n  s e ed we igh t s  were measured  every 24 hours and t h e  

s ee d  germina t ion and p l umu l e developmen t w a s  no ted . These measuremen ts 

c on t i nued un t i l  the  i nc r eases i n  the s eed we igh ts c eased . I n  the 

s econd s e t  o f  exp e r imen t s , a fur ther six s eed samp l es were i mmersed 

in  t h e  s a l t so l u t ions  i n  pe t r i  d i shes . Ca r e  wa s t aken to ma i n t a i n  

th e d e p th o f  s o l u t i o n i n  each pe t r i  d i sh a t  1 0  mm a t  a l l  t imes . 

Inc r ea s e s  in  seed weigh t s  were m easured 20 hours and 4 8  hour s  a f t e r  

imme r s i o n .  Germ i na t io n a nd p l umu l e  deve lopmen t w a s  a l so no t ed . S eeds 

were cons idered germi na ted when the c o l eo r h i za had ap peared . To 

measure  the i nc r ea s e s  in s eed we igh t s  a f t e r  spec i f i ed t imes , the sam p l e s  

w e r e  d ra i ned a n d  the  exc e s s  so l u tion w a s  r emoved b y  q u i c k l y  d r y i ng t h e  

s eeds b e twe en b l o t t i ng paper b e f o r e  d e t e rm i n i ng the i r  mo i s ture  s ta tu s . 

4 .  3 EXPERU1ENT 5 :  THE DETERMI NAT I ON OF EQUIL I BP.IUH MO I STURE ABSORPTION 

I S OTH ERMS OF KARAHU \.JH EAT 

Objec t ives 

I t  was c l ea r  f rom the  resu l ts o f  exp e r i men t la and lb tha t 

when gro oves were c r ea ted b y  the  t r i p l e  d i s c  cou l t er and covered w i t h  

l oo s e  so i l , a l arge propo r t i on o f  s eed s germi na ted bu t d i d  no t emer g e . 

O f  t h e  g ermina ted s eed s a l a rge propor t i o n  were f ound t o  b e  v i ab l e  

even a t  the t e rm i na t ion o f  the  exper imen t a t  day 1 8 .  Th es e res u l t s  

sugges t ed tha t l oo s e  so i l  cover had ma i n ta i ned a h i gh enough mo i s t u r e  

po t e n t ia l  ( pe rhaps i n  t h e  vapo u r  phas e )  a t  t h e  seed-s o i l  i n t e r f ac e ,  

to s u s ta i n  the  v i ab i l i ty o f  t h e  germi na ted seeds and seed l i ngs over 

at  l eas t the 1 8  day per i od , even if  th i s  had no t been s u f f i c i en t  to 

a l l ow the  seed l i ngs  to emerge . 

The purpo s e  o f  th i s  exper imen t was f ir s t l y  t o  measure  t h e  mo i s ture  

abso r p t ion i s o t he rms o f  whea t s eed in  eq u i l i b r i um wi t h  s a l t s o l u t i ons  
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a t  a range o f  mo la l i t i e s  a t  20°C .  Th i s  was a c h i eved bo th b y  l i q u id  

i mb i b i t i o n  and through vapour d i f f us ion as d e s c r i b ed ear l i e r . 

S econd l y  the experiment s ough t to corre l a t e  these  mo i s ture ab sorp t i o n  

i so th e rms w i th germ i na t i o n  counts o f  whea t s eed s in  f i e l d  mo i s ture 

cond i t ions . Spec i f i c a t ions a re g iven i n  app end i x  9 

Re s u l t s  a nd d i scuss ion 

Tab l e  2 3  shows the  equi l i b r i um mo i s ture absorp tion i so therms 

of karamu wh eat a t  20°C ,  b y  l i q u i d  imb i b i t i o n ,  F i g . 1 3  b y  vapour 

i mb i b i t i on . Th e i n i t i a l  mo i s tu re contents  of seeds were 1 6 . 5% g / g  

( d . b . )  i n  bo th cases . F rom tab l e  23 i t  was apparent  a f ter 2 0  hours 

o f  imb ib i t i o n  in  d i s t i l l ed wa ter the seed mo i s ture con t e n ts had 

i nc reased to 60 . 6% .  At th i s  s tage the seed c o l eorhy za s tar t ed showing 

i n  some s eed s . At l ower vapour p ressure , there was no s ign of seed 

g ermina t ion af ter 20 hours . 

A s econd obs erva tion  was made when 4 8  hours  had elapsed . By 

t h i s  t ime th e mo i s t u r e  contents  o f  the  seeds  had i nc r ea s ed to 7 7 %  ( d . b . )  

in  d i s t i l l ed wa ter ; to 6 5 . 2% g / g- 1  at  - 1 1 . 2 b a r s  and to 6 1 . 9% g / g- 1 

a t  22 . 4  b a r s . S eed g e rm i na t ion was v i s i b l e  a t  these three mo i s tu r e  

p o t e n t ia l s . The re w a s  1 00% germi na t ion o f  v i ab l e  seed s  in d i s t i l l e d  

water  and t h e  s e e d  p l umules  had eme rged b y  an average o f  5 mm . 

Over 50% o f  viab l e  s e ed s  germina ted a t  - 1 1 . 2 b a r  mo i s ture po ten t ia l  

and the s eed rad i c l es and p l umu l es were v i s ib l e . A t  - 2 2 . 4  bar 

mo i s ture po tenti a l , the  s eeds a ppear ed to have gained the  r eq u i r ed amount  

of  mo i s ture and th e seed co l e o rhl � were v i s i b l e . A t  lower mo i s ture 

po ten t i a l s ,  howeve r  there wa s no s ign of  seed g ermi na t i o n . 

I t  appeared tha t the s eeds , i n  contac t w i th soi l ( and depend i ng 

u pon the area o f  con tac t )  a t  approxima tely  - 1 1 bars  o r  more , woul d  b e  

c apab l e  o f  germ i na t i ng and s us t a i n i ng th e s e e d l i ng to emergence ,  provi ded 

th a t  th e s e ed r ad i c l e s  were abl  to pene tra t e  i n to mor e  mo i s t  s o i l  

l ayers  w i th in a t ime i n te rva l o f  approx ima t e l y  2 t o  3 d ay s  a f ter  s ow i ng . 

A t  mo i s ture  po ten t i a l s  lower than - 1 1  bars the seeds migh t germina t e  b u t 

m i gh t  no t b e  expec ted to have s u f f i c i ent v i gour to sup p l emen t  the i r  

energy supply  through roo t anchorag e , and then to emerge . 



TABLE 23  

Exper imen t 5 .  Equ i l ib r ium absorp t i on i s o t h e rms of  karamu whea t at  20°C i n  sal t s o l u t ions 

( l iq u id imb ib i t ion)  

I nc rease i n  s eed weigh t d u e  t o  mo i s ture 

----------------------------------�A�b�s�o�r�t ion i n  %���LL---------------------------------------------

D i s t i l l ed wa t e r  0 . 25 Mol 0 . 5  Mo l l Mol 2 Mo l Cone . solu t i on 

Mo i s ture P o t en t ia l  

( -b a r s )  0 1 1 . 2 22 . 4  4 5 . 5  9 5 . 7  3 8 7 . 3  

T ime in  hou r s  % % % % % % 

0 

20 

48 

1 6 . 5  1 6 . 5  

6 0 . 6 *  5 5 . 9  

7 7 . 0  6 5 . 2  

I n i t ia l  we i gh t o f  approxima tely  200 seeds 

I n i t i a l  s e ed mo i s ture con ten t 

1 6 . 5  1 6 . 5  1 6 . 5  

5 3 . 6 50 . 5 4 3 . 3 

6 1 . 9 5 7 . 7  so  . 1  

8 . 0 gm 

1 6 . 5% ( d . b . )  

* S eed germin a t ion was sus t a i ned a t  s eed mo i s tu r e  cont e n t s  o f  approx ima t ely 60%  g . g- 1 and above 

1 6 . 5  

3 0 . 6  

3 3 . 6  

....... 
w 
a-
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A f u� ther smal l exper imen t was then condu c t ed to examine the  

r eq u i r emen ts o f  germi na ted s eed l i ngs , w i th 5 mm l e ng th of  p l umu l es ,  i n  a 

range o f  mo is t u r e  po ten t ia l s . S i x  groups  o f  20 germi na ted seeds each 

were a l lowed to grow in s i x  s a l t solu t ions correspond i ng to a w i d e  

r ange o f  mo i s ture  p o t e n t i a l s . P l a t e  ( 1 3a )  shows the  f a t e  o f  t h e  

s e ed l ings af t e r  3 days i n  t h e  sa l t  so lu t i ons a t  1 0  mm d e p t h  in  p e t r i  

d i shes . I t  i s  appar e n t  f rom p l a te ( 1 3a )  tha t the s eed l ings i n  

d i s t i l l ed wa ter  had con t i nued to  grow and d evelop we l l  es tab l i shed 

r oo t sys tems . Visual  app r a i s a l  sugges ted tha t  the seedl i ngs wou ld grow 

i n  the  presence o f  f reely ava i l ab l e  wa ter . The s eedl ing a t  - 1 1 . 2 

b a r  mo i s ture p o ten t ia l  grew only to approx ima t e l y  1 0  mm i n  lengths  

and then the g row th became s t un ted . This  sugges ted  tha t at  t h i s  

mo i s ture  p o t en t ia l in  l i q u i d  f o r m  th e seeds wo u ld apparen t ly germi na te 

1 3 8 .  

b u t  the  seedl i n gs wo u l d  no t survive long e nough to emerge . I n  the 

r ema inder of the  4 sal t so l u t i o ns (wh ich  were a t  lower mo i s t u r e  po ten t i a l s )  

t h e  s e ed l i ng s  d i d  n o t  grow , and in  many cases d i ed and s ta r ted decay ing . 

F i g . 1 3  shows the e q u i l i b r i um mo i s t u r e  abs o r p t io n  iso the rms o f  

kar amu wh ea t s eeds under vapour imb ib i t io n . I t  i s  ap pare n t  f rom t h e  

f i gure tha t t h e r e  was a s l ow r a t e  o f  mo is ture absorp t i o n  i n  a l l  s i tua tions . 

S e e d s  gai ned a max imum o f  o n l y  4 4 . 6% ( d . b . )  o f  mo i s ture by day 1 0  

whe r e  the seeds had been h e l d  ove r  pure wa ter . There was no s eed 

g e rm ina t i on a t  t h i s  t i me . Th i s  a l s o con f i rmed ear l i e r  exper imen t s  

wh i ch h a d  suppo r t ed th e b e l i e f  tha t s e e d s  wou l d  no t germina t e  un t i l  

they ga ined a t  l eas t 6 1 %  ( d . b . )  weigh t .  A t  l ower moi s ture  p o t en t i a l s ,  

mo i s ture gained by seeds was corre s po nd i ng l y  less  each �amp l i ng t i me . 

I t  was apparent  f rom th i s  experimen t  tha t i n  the absence o f  

d i rec t seed- s o i l mo i s tu r e  contac t ,  karamu whea t could no t be  expec ted 

to  g e rm i na t e ,  even if th e amb i e n t  hum id i ty was 1 00% . Proj ec t ing these 

f i nd i ngs to the f i eld cond i t ions i n  rela t ively d r y  so i l s , i t  is  

u n l ikely tha t the groove cover a l one wou l d  be  su f f i c i en t  to i n i t i a t e  

g e rm i na t ion th rough wa ter vapour ava i l ab i l i ty per se . S ome seed-

so i l  con tac t wou ld be n ec essary to prov i d e  the i n i tial  imb i b i t i on 

f rom the l iq u i d  mo i s tu r e . 



Plate 1 2 ( g) Typical "germina ted but unE?merged'' seeds from a triple 
disc coul ter groove in ini tially dry soil . 

Plate 1 3 (a) Typi cal seed fate  of seeds grown in NaCl solu tions ; 
( 1 } dis tilled water ( 2) 0 . 25 Mol .  ( 3 )  0 . 5  Hol . ( 4 )  1 . 0  Mol .  
( 5 ) 2 . 0  Mol .  ( 6 )  Concentrated sal t solution . 
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CH � PTER 5 

S TUDY OF T H E  I N - G ROOVE M I C RO- ENV I RONMENT AT THE S E ED-SO I L  

I NT E RFACE 

5 .  1 METHODS OF  MEASUREMENT OF MOI S TURE POTENT IAL AT SEED-SOIL I NTERFACE 

5 . 1 . 1  I n t roduc t i on 

The measu remen t o f  mo i s ture p o t e n t ial  in  the m i c ro-envi ronmen t 

a t  th e s o i l-s eed i n t e r f a c e  was expec ted to be  a d i f f i cul t task , as 

d i f f i c u l ty had been repo r ted w i th measuremen ts  near the general 

S o l. l s u r f ac e ( l 7 ) . I t I d , t . 1 d · 1  d "  t n unsa tura ec an reLa 1ve y ry s o L  s ,  1scon -

i nuous l i q u id volume i n  c oexi s t ance wi th wa ter  vapour mad e  i t  par t i c­

u l a r l y  d i f f i c u l t to und e r take measu remen ts sa t i s fa c to r i ly . I t  

appears f rom the l i tera t u r e  tha t f ew ,  i f  any a t temp ts  have been made 

to  mon i to r  vapour mo i s tu r e  in th e v i c i ni ty of the seed- s o i l  i n terface . 

Th e t emper a tu r e  grad i e n t s near to th i s  i n t e r fa c e  c an b e  expe c t ed 

to  b r i ng rap i d  and f r eq uen t changes i n  the l iq u id and gaseous wa ter 

f l uxes wh i ch , as s ta ted i n  Sec t i on'2..2.9 was though t to be  why tempera ture  

d e p e nden t mo i s ture measur emen t m e thods near  the g eneral so i l  s u r f a c e  

w e r e  no t s a t i s fac tory . 

An e f fo r t  wa s made to eva l ua t e  a numb er o f  me thods o f  measu r i ng 

s o i l mo i s t u r e  po ten t i a l  wi th i n  the d i rec t d r i l l ed groove s . Th ese 

m e thods con t ras ted w i th those d e s c r i b ed earl i e r  for d e t ermi n i ng 

the l iq u id so i l  mo i s t u r e  s ta t us , i n  tha t they sough t to moni to r  

the  a tmo sphere wi th i n  the groove r ega rdless  o f  t h e  l i qu i d  s o i l  mo i s ture  

s ta tus . The me thods consi dered were as f o l lows : 

( a )  Psychrome t e r s  

( b )  T h e  u s e  o f  phosphorus pen taoxide  ( P 2 0 s )  

( c )  Th i n  f i lm c e l l s  

( d )  Dew po i n t  hyg rome ters  

( a )  Psychrometers : 

Psych rome t e r s , as expla i ned earl i e r  were t r i ed and 

d i s carded because of  the und e s i rab l e  e f f e c t s o f  temp e ra ture  grad i en ts . 



( b )  The u s e  o f  P 2 0 5 :  

Th e u s e  o f  P 2 0 5  i nvo lved t ak i ng an a i r  s amp l e  i n  a tube 

f rom the  i n-groove m i c ro-env i ronme n t . A m easu r ed quant i ty of  P 2 0 5  

was t o  be  i n t roduced i n  the s ealed so i l  a i r  sampl es . Th i s  was 

expec t ed to ab sorb the a i r  mo i s t u r e . Gr av ime t r i c  measur emen t s  wo u l d  

h av e  rev ea l ed t h e  we igh t o f  wa ter  abso rbed . Th e me thod was howev er , 

cons id ered to be  too i na c c u ra t e  because i t  need ed rela t iv e l y  large 

a i r  s amp l es wh ich m igh t no t be who l l y repres e n t a t ive of the i n ter­

f a c e  mic roenv ironment . Fur thermo r e  t h e me t hod invo l ved the  remova l 

o f  t h e  samp l es and e r r o r s  m igh t b e  ex rec t ed due t o  mo i s tu r e  losses  

in  the  sam p l i ng tubes and we i g h i ng e r rors  ( Har dac re , per>s . .omm . ) 

( c )  Th in f i l m c e l l s :  

E l e c tro -hum id i t y  s cnso rs *a r e  e l ec t r i c  hygrome t r i c  c i r cu i t s  

w h i c h  sense c hanges in t h e  r e l a t ive  h umid i t y t h rough changes i n  

impedenc e .  These senso r s  we r e  cons i d er ed to b e  unaf f ec t ed by  

e nv i ronme n t a l  cond i t io ns tha t  were no t d e t r imental  to po l y s tyr ene . 

For examp l e ,  dus t s e t t l i ng on t h e sensors sur f ac e  d i d no t a f f ec t  

t h e  p e r f o rma nce e x c e p t  po s s i b l y  to d ec r ea s e  s l igh t l y the  speed o f  

r e s ponse ( Ha rdac r e , Pe1·s Com . ) 
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Two commerc ial  hum id i ty sensors were cons idered f o r  t h e i r  

po s s i b l e  u s e  in  m eas u r i ng the i n-groov r el a t ive hum id i ty .  Nei ther 

of  these  sensors was found to b e  su i tab l e  howev e r  because t hey were 

r epor tedly  adver s e l y  a f f ec t ed by in-groove l iqu id mo i s ture  ( Hardac r e , 

Per>s . Comm . ) .  

( d )  Dew po i n t  hygrome t er : 

D ew po i n t  hygrom e ters emp loy a technique  o f  w i thd raw i ng 

i n-groov e s o i l  a i r  sam p l es and meas u r i ng the  d ry bulb a nd d ew po i n t  

t empera tures . The a i r r e l a t ive  hum id i ty i s  read d ir ec t l y  f rom 

psychrome t r i c  char t s  us i ng these t empera t u r e  d a t a . 

* Phys . Chem i c a l  Resea rch Corpora t i on PCPC- l l  s t andard  e l ec t ro ­

humid i ty ::; · nsors , and l lonevwe l l  Q4n4A Go ld  grid  R . H . s e nsors . 
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5 . 1 .  2 Desc r i p t ion  o f  th ermo -e l ec t r i c d ew po i_nt hyg rome ter  

A comm e r c i a l  d ew po i n t  hygrom e t er ** was  u s ed to mon i tor  i n­

groove r e l a t ive  hum id i ty .  The ava i l ab l e  i ns trume n t  was a n  au toma t ic 

o p t ic a l l y  s ensed , thermo el ec t r ic a l l y  coo l ed d ev i c e . I t  measu r ed 

the d ew po i n t  t emper a t u r e  o f  the  a i r  by presen t i ng a coo l ed m e t a l  

sur f a c e t o  t h e  a i r  s am p l e  s o  t ha t  t h e t emper a t u r e  o f  the  l a t t e r  

equ i l i b r a t ed wi th tha t o f  the  f o rmer . I f  the m e t a l  s u r f a c e  wa s 

ma i n t a i ned a t  a cons tan t t empera tur e bel ow d ew po i n t ,  a i r  mo i s t u r e  

c o nd e nsa t io n  co n t inued and a n  i nc r ea s i ng amoun t o f  mo i s t u r e  c o l l ec t ed 

o n  t h e  s u r f a c e . A l t e r na t i v e l y , i f  t h e  sur f a c e  wa s ma i n t a i ned a t  a 

h i gher  t em p e ra ture than d ew po i n t , evapora t io n  o c curred and resul ted 

i n  r ed u c ed mo is ture  o n  t h e s u r f a c e . A s t a t e  o f  dynam i c  eq u i l i b r i um 

occu r r ed o n l y  w h e n  t h e  s u r f a c ' t emper a t u r e  wa s ex a c t l y  a t  d ew po i n t . 

A t  t h is po in t t h e amo u n t  o f  mo i s t u r e  o n  t h e  me t a l  s u r f a c e  r ema i ned 

uncha ng i ng a nd t h i s  was r e f l ec t ed i n  a d i rec t r ead ing o f  the d ew po i n t  

t emp era t u r e . 

5 . 1 . 3 Des ign  o f  i n-groove a i r  samp l e r  

T h  a i r  i n  the  d i rect  d r i l l ed grooves  was samp l ed us i ng a number 

o f  open T-shaped 4 mm i . d .  t ra ns p a r en t ny l o n  tubes . These tubes 

were emb edd ed 40 mm deep i n  t he so i l  g roov es at  the t ime of d r i l l ing , 

w i th t h e i r perpend i c u l a r  po r t i o n  pro t rud i ng ou t o f  t he g rooves . 

The obj ec t i ve was t o  s l o w l y  d raw a s amp l e  o f  a i r  f rom the  

v i c i n i ty o f  th e seed  i n  an e f f o r t  to cor r e l a t e  the  s eed-so i l  i n t er ­

f ac e  vapour  mo i s t u r e  p o t e n t i a l  w i th seed l i ng emergence per f ormanc e . 

5 . 1 . 4 �umid i ty measuremen t proced u r e  

T h e  d ew po i n t  hygrome ter  s ensor was c o nnec ted to the  i n take 

p ar t  o f  the air samp l er us i ng a c l ear no n-hygrosco p i c l eak- f r e e  

nyl o n  t ub e .  T h e  i n-groove a i r  w a s  d rawn a t  a l ow f low r a t e  o f  5 t o  7 

cub ic c en t imeters  per  second . ( The hygrome t e r  a i r  pump had the 

capac i ty to pump a ir f rom 0 to  40  cm 3 ) .  

* *  A EG & G mod e l  880 Thermo - e l e c t r i c Dew Po i n t  Hygrome ter . 
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A p il o t  t r i a l  whi c h  tes t ed the  i n s t rumen t i n  the same amb i en t  

a nd g roove cond i t ions  a s  were u s ed i n  th e ma i n  exper imen ts , i n d i c a ted  

tha t a n  a i r  f low r a t e of  5 to 7 cm 3 / s ec . was  o p t imal . At  h igher 

f l ow r a t es the accuracy o f  the  i n s t rumen t was adversely a f f ec t ed by 

ac cumu l a t io n  of f i ne  so i l  par t i c l es wh ich were d rawn i n to the tubes . 

A t  l ower f l ow r a t e s  the hygrome ter tended to be  i nsens i t iv e  par t i c u l a r l y  

w i th a i r  f rom so i l  gr ooves wh i ch were ov e r l a i n  b y  a l arge amoun t o f  

cover . N o  c l ear exp lana t ion  c a n  b e  given  f o r  th i s  i nsens i t iv i t y . 

Re s u l ts o f  th i s  p i l o t  r r i a l  a r e  g i v en i n  Append i x  9a . 

A t  each  samp l i ng ,  a f t er i n i t i a l  ba l anc i ng o f  the i ns trumen t 

the hygrom e ter was o p era t ed for  3 to 4 m i nu tes dur i ng which t ime the 

t empera tu r e  stabi l i z ed a t  the s amp l e  d ew pa i n t . Re l a t ive hum i d i ty 

was r ead f rom the psychrome t e r  cha r t s us i ng the d ry b u l b  tempera ture  

( co n t ro l l ed a t  20°C )  and d ew po i n t  t empera ture for each o f  the tube s . 

Th e r . h .  measureme n t s may b e  c o nv e r t ed to mo i s ture po t e n t i a l  i n  bars 

u s i ng the Ke l v i n  equ a t i on . 

Th e Ke l v i n  eq u a t i o n  for wa t e r po te n t i a l  i s  

R . T p l n  ( /Po) . 1 000 

ljJ J / kg 

1 000 J / kg = 1 bar 

R Gas cons tan t ,  8 . 3 1 4 3  J . d eg k- 1 • mo l e- !  

T Abso l u t e  t emper a tu r e  K0 

P /Po = R e l a t ive vapour pressure i n  eq u i l ib i r i um 

\v i th the sys tem 

I '  . /1 
Mo l e cular  we i gh t o f  wa t e r  1 8 . 00 1 6  

5 . 1 . 5 Exp e r ime n t a l  d es i gn 

I n i t i a l l y  a p i l o t  expe r imen t was set  up  to  measure  the  i n-groove 

mo i s ture po t en t i a l  u s i ng three types of cou l ter assemb l i e s . So i l  

b l ocks were ex t rac ted , t r  a t ed and d r i l l ed (wi thou t seed ) a s  

exp l a i ned i n  S ec t i o n  2 .2 .1. The i n-groove a i r  sampl i ng tub e s  were 

i ns e r ted  i n  the groove i mmed ia t e l y  a f ter  d r i l l i ng took p l a c e . The 
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so i l  sam pl e s  were mov ed to the  c o n tro l l ed c l ima t i c  labo r a tory and 

subj ec ted  to cont ro l l ed c l ima t i c cond i t ions of 20°C and 60% r . h .  

w i th d a y  l igh t o f  1 2  hours a t  7 0  kW /m 2 . I n  c o n t ras t to  the ear l i e r  

expe r i ·men t s , the  amb i e n t  cond i t io ns were kep t cons tan t because 

d iu r nal  changes were expec t ed to  a l low d ew fo rma t ion in the  air  

s amp l er and m i gh t t h er e f o r e  have a f f ec ted t h e  so i l  a tmo spher i c  

r ead i ng s . 

I n-groove so i l  mo i s t u r e  po t en t ial was measured d a i l y  us ing 

the  d ew po i n t  hygrome ter  and air pump un t i l  day 1 7 .  The r esu l ts  

of  th i s  p i l o t  exper imen t a r e  given in  Appendix 9 . Th ese resul ts  

j us t i f i ed repe t i t i o n  o f  this  exp e r i me n t  o n  a more compreh e ns iv e  s ca l e . 

' These l a t ter expe r ime n t s  took p l ace i n  two pa r t s . 

a .  G rooves were d r i l l ed a nd mon i to red for  in-groove r e l a t iv e  

hum id i ty ,  

b .  Seeds were  d r i l l ed a nd bo th the  i n-groove r e l a t iv e  hum id i ty 

and seed l i ng emergenc e wa s no t ed . 

The purpose o f  c o nduc t i ng separate  seeded and non-seeded expe r ime n t s  

was t o  d e termine i f  the p r es e nc e  o f  the s e e d s  thems e lv e s  i n terac ted  

w i th the  env i rorune n t  to a f f ec t the  in-groove r e l a tive  humid i ty .  

P l a t e  ( 1 3b)  shows t he hy grom e t e r and the  c o nnec ti ng tubes f o r  

s amp l ing t h e  in-groove a i r . 

Exper i me n t  6 ( a ) : I n  t h i s  expe r i me n t, 6 t r e a tmen ts , us i ng t h r e e  

c o u l ter  types , w e r e  rand om i zed in t h r e e  so i l  b locks w i th three 

r ep l i c a tes each . The t r ea tmen t s  wer e :  

( 1 )  Ch i s e l  cou l t e r  

( 2) H o e  coul ter 

( 3 ) Hoe coul t r w i th 7 0  kPa p r es s u r e  appl i ed d i r ec t l y  over 

the seed 

( 4 )  Tr i p l e  d i sc co u l ter  

( 5 ) Tr i p l e  d i s c  cou l t e r  wi th 7 0  kPa  pressure  app l i ed d i r e c t ly 

over the s eed 

( 6 ) Tr i p l e  d i s c  cou l te r  and g roov e covered w i th l oose so i l  

fol lowed by 7 0  kPa pressure over the  groov e . 



Plate 1 3 (b)  A thermo-electric hygrometer in act ion to  measure in-groove 
soil relat ive humidity 

P late 1 4 . A "Duncan 730 mul tiseeder" drill equipped with ; lef t , triple disc ; 
centr e ,  hoe ;  right , chisel coul ter assemblies for f ield drilling . 
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A l l  t r ea tmen ts wer e  fol lowed b y  bar har rowing . No seed was d r i l l ed 

i n  th i s  exper imen t .  I n  each row of  each plo t (wh i ch wa s hal f a 

b i n i n  l e ng th)  2 ny lon T-shaped tubes wer e i n ser ted to measure i n­

groove rela t ive humid i ty .  Re l a t ive hum i d i ty was m easured d a i l y  

a t  m i d d ay whi le  the d r i l l ed s o i l  b locks r em a ined i n  con trol l ed 

c l ima t ic cond i t ions s imi l a r  to those descr i b ed i n  the p i l o t  exp e r imen t .  

Exper imen t 6 ( b ) : Trea tments , i d e n t i c al to tho s e  i n  exp e r imen t 

6 ( a ) , were car r i ed ou t i n  thi s  exper imen t ,  excep t tha t i n  t h i s  case  

s eed was  d r i l l ed a t  the  s ame t ime . The  s ix t r ea tments were  r a ndom i z ed 

as f u l l -b in l eng th p l o t s  i n  6 s o i l  blocks w i th three r ep l ica t e s . 

App r o x imately 1 00 s e ed s were d r i l l ed i n  each s i ngle  row plo t .  Da i l y  

r el a t ive humid i ty measureme n t s  were taken u s i ng t h e  d ew po i n t  

hygrome ter . S e ed l ing emergence cou nts wer e  taken d a i l y  un t i l  

eme r g ence co u n ts had s tab i l i zed . Grav ime t r i c  s o i l  mo i s ture samp l es 

wer e taken every 3 days u s i ng the core s amp l er . Af ter day 1 8 ,  the 

soil b locks were r emoved f r om t he c l ima t e  rooms and t e rminal  s eed f a t e 

was d e t e rmi ned by harves t i ng t h e  seeds u s i ng the hand held scoop . 

5 . 1  . 6  na t a  Ana lyses  

Th e six t r e a tm e n t s  ( be i ng comb i na t ions o f  coul ter  types  and 

cov e r ing techn i q u e s )  were tes ted in a compl e tely random i zed b lo c k  

d es i gn .  A one-way analy s i s  o f  var i ance was u s ed t o  t e s t  t h e  d i f f er ences 

be tween the means of the i n-groove rela t i v e  hum id i ty of various  

coul ter  trea tmen t s  at  a g i v e n  t ime a f t e r  d r i l l i ng . I n  exp er imen t 

6 ( b) ,  s i mi lar a na l y s i s  was u s ed to tes t the d i f f erenc es b e tween i n­

groove rel a t ive hum id i t i e s , seed l i ng emergence a nd s eed fa t e . 

To es tab l i s h  the vapour  mo i s ture  d ry i ng ra tes from t h e  grooves , 

r ea l t iv e  humid i ty da ta was plo t ted aga ins t t ime . A Regr es s i o n  

analys i s  was p e r f o rmed u s ing i n-groove r e l a t ive humid i ty as d epend e n t  

v a r i ab l e  (Y ) and t ime as indep enden t v a r i a b l e  ( X ) . A Burrough ' s  B 6 7 00 

comp u ter , and Burrough ' s  programme ' Cande ' was used for t h i s  purpos e .  

L inear  regr e s s i o n  and a range o f  trans fo rma t io ns were tes t ed to f i nd 

l in ear or curv i l i near l i nes o f  bes t f i t .  Wh en more than one l ine 

a p p ea r ed to d e s c r ibe the  d a t a , a "bes t f i t " was chosen on  the fo l lowing  

b a s i s : 



To j udge the  "bes t f i t "  o f  a rel a t ionsh i p , accuracy o f  

regress ion and appropria t eness o f  t h e  r e s u l tan t curve were t h e  

impo r tan t cons id era t ions . Thr e e  ma in c r i teria  were considered 

concurrently  f o r  "bes t f i t " . 

( a )  The h igher coe f f i c i en t o f  d e termina tion R2 . The 

h ig h es t accep tab l e  value howeve r  depended on the o t h er c r i t er i a  

as w el l . 

1 4  7 .  

( b )  Ex t rapo l a t i ons b e y o nd th e l imi t o f  the data  wer e cons idered . 

In  t h i s  case some b i o-phys i c a l  assump t io ns were made . 

( c )  Fina l l y , wh ere an a l terna t e  s t i l l  exis ted , the s impler  

eq u a t i on was  chose n . 
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5 . 2  EXPERIMENT 6 ( a ) : THE EFF ECTS OF CONTROLLED CL IMAT I C  CONDITIONS , 

COULTER DES IGNS AND COVERING TECHNIQUES ON 

IN-GROOVE VAPOUR MO I S TURE DRY I NG RATES . 

Obj e c t ives : 

The prev i o us p i lo t  t r i al had shown tha t the d ew pa i n t  hygrome ter  

wa s capable  o f  m easur i ng i n-groove r e l a t i v e  hum i d i ty w i thi n  an  

a c c u racy o f + 3% . I t  therefore  s eemed d e s i rab l e  to  measu r e  the  

s tab il i ty and mag n i tudes o f  re l a t ive hum id i ty l ev e l s  in  s e l e c ted  

c o u l t er grooves . I n i t i a l l y , i t  was f e l t t o  be approp r i a t e to  

mon i to r  the m i c ro-env i ronmen t  in  the grooves i n  i s o la t ion , so no 

s e ed was sown . 

Add i t i onal d e ta i l s  o f  t h i s  exper imen t are  g iven i n  app end i x  9 ( b & c ) . 

Res u l t s  and d i s c u s s i o n : 

Fig . 1 4a shows the  r e l a t i ve hum id i ty  r ead ings for the s ix 

d i f ferent  cou l t e r  design  parame ters and table  24 l i s ts th e d ay-b y-d ay 

d a ta and l ea s t  s i gn i f i can t d i f ferences be tween t r ea tment means . 

T h e  exper ime n t  s ta r ted a t  a n  average t u r f  b l ock s o i l  mo i s t u r e  c o n t e n t  

o f  1 5 . 5% ( d . b . )  measu red a t  0 - 4 5  mm dep th . Measu reme n t  o f  i n-groove 

r e l a t ive humi d i ty on day 1 were mad e a f t e r  the so il  b l o cks had 

b een s tab i l i z ed in the cl ima t e  rooms under a cons ta n t  amb i e n t  

r el a t ive hum i d i ty o f  60% and temp e r a t u r e  o f  20°C .  

From the tab l e  i t  appears tha t t h e r e  were no s igni f ic a n t  

d i f f e rences be twe en t h e  t r ea tments i n  t e rms o f  the i n-groove 

r . h .  meas uremen ts  o n  day 1 .  On day 4 a f t e r  d r i l l ing , the r e l a t iv e  

h um i d i ty i n  the  tr i p l e  d i s c  grooves w i tho u t  cover and pres su r e , 

a nd the t r i p l e  d i s c  groov e w i th pressure  d irec t ly over the seed 

were s i gni f i ca n t l y (P = 0 . 05 )  lower ( 80 . 8% and 8 3 . 6% respec t iv e ly ) 

c ompared to the c h i s e l  co u l t e r  ( 8 9 . 4 % ) , the ho e cou l ter  w i th pressure  

over  seed s ( 86 . 1 % ) and the t r i p l e  d i s c  cou l ter  groove cove r ed w i th  loose 

s o i l  and then pressed ( 8 8 . 6% ) . The s e  d i f f erences were ma i n t a i ned 

thereaf ter as can be seen in F i ? . 1 4( � ) 



TABLE 24 --

The e f f ec t s o f  cou l t er d es ign and cov e r ing techniques and t im e  o n  the s o i l  i n-groove r el a t iv e  hum id i ty l ev e l s  a t  

Trea tmen t s  
1 2 

1 .  Ch isel  cou l t e r  9 3 . 8  a 9 3 . 3  a 

2 .  Hoe  cou l t e �  no 
cover o r  
p r essure 9 2 . 3  a 9 2 . 0 a - -

3 .  Hoe coul t er , no 
cover bu t 7 0  kPa 
pres sur e d irec t -
l y  o v e r  s e ed 9 1 . 5  a 8 7 . 1 b 

4 .  Tr i p l e  d is c  
cou l t er ,  no 
cov e r  or 
pressure 9 1 . 6  a 8 8 . 3 ab 

5 .  Tr i p l e  d i sc 9 3 . 5  a 89 . 8ab -
cou l t er, 7 0  kPa 

p r es s ure d irec t-
ly over seed 

6 .  T r i p l e  d i sc 
cou l t e r , loose 
so i l  cover + 
7 0  kPa p r essure 
over cov e r ed 
seeds 94 . 5  a 94 . 4  a -

contro l l ed amb ien t r . h .  o f  60% 

3 4 
9 2 . 3  a 89 . 6  a - -

9 1 . 1  a 86 . 5  a - -

8 7 . 1 ab 86 . 1  a - -

8 6 . 6  b 80 . 8  b 

88 . 8ab 8 3 . 6  b 

9 3 . 3  a 88 . 6  a - -

Days f rom sowing 
5 6 7 

89 . 8  89 . 3  88 . 3  

84 . 3  8 3 . 3  8 1 . 5  

85 . 6  84 . 8  8 1 . 5  

7 8 . 0  7 7 . 0  7 6 . 5  

80 . 3  7 8 . 5  7 7 . 0  

89 . 3  88 . 0  86 . 6  

8 9 
8 5 . 5  8 2 . 0  

7 8 . 6  7 4 . 5  

7 7 . 6  7 4 . 6  

7 2 . 8  66 . 3  

7 3 . 3  69 . 0  

8 3 . 3  80 . 3  

Unl ike l e t ters  i n  a co lumn show s ign i f i cance d i f f er e n c e s  a t  ( P = 0 . 05 )  

1 0  1 1  1 2  
8 1 . 1  80 . 6  80 . 6  

7 3 . 6  7 3 . 3 7 2 . 3  

7 4 . 3  7 3 . 6  7 3 . 5  

6 3 . 6  6 2 . 1  6 1 . 8  

6 7 . 0  6 5 . 6  6 5 . 3  

80 . 0  7 9 . 6  7 9 . E  J;: 
(.[) 
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F i gure 1 4 ( b )  s hows the r egress i o n  curves ( q uadra t i c  curv i l i near ) , 

dr awn to f i t  th e i n-groove so i l  re l a t i v e  h um i d i ty grad i en ts . Fo r 

th i s  purpose th e so i l  i n-groove r . h .  d a ta u n t i l  day 6 were u s ed , 

b ec a u s e  at th i s  t ime s eed l i n8$ s tar ted to emerge . Th e r egres s io n  

c u r v e s  were d i f f er en t i a ted t o  o b tai n the i r  s lopes i n  t erms o f  ( r . h . /  

day ) vapour mo i s ture loss . Th ese vapour mo i s ture  dry i ng ra tes a r e  

g iv e n  i n  tab l e 2 5 . T o  d e termi ne the s i gn i f i c a n t  d i f f erenc e s  b e tween 

these ra tes a t-s ta t i s t i c s wa s used b e tween pair o f  b o ' s ,  b 1  's  

and b 2 ' s  o f  i nd i v idual  equa t i ons . The d ry i ng r a t es in  tab l e  25  s how 

tha t b o th th e t r i p l e  d i s c  groov e wi tho u t cover and pres sur e , and 

the t r i p l e  d is c  c o u l ter gro ove wi th p r e s s u r e  d i rec tly over uncov e r ed 

s ee d s  had s i gni f i c antly ( P  = 0 . 0 1 )  mor e  rap i d  d r y i ng ra tes than a l l  

o th e r  treatmen t s . The l owes t d rying r a tes wer e ach i eved w i th the 

ch i s e l  cou l ter wi thou t p ressure  app l i c a t io n , the hoe cou l ter  w i th 

p r es s u r e  app l i ed d i r ec tly  over the seed s , and the tr i p l e  d i s c  c o u l ter 

w i th the groove cove red \v i  th loose so i l  and pressed a t  70 kPa . 

Th e r e  were no s i gni f i can t d i f f erences amongs t these las t named trea tmen ts . 

Dry i ng rates were s i gni f i ca n t l y  (P =0 . 0 1 )  mo re rapid  when the hoe  

c o u l ter wi thou t p ressure was emp loyed compa red to tho s e  of  the  c h i s e l  

c o u l ter  w i tho u t  p ressu r e , the h o e  coul ter  w i th 70 kPa pressu r e , a nd 

the t r i p l e  d i s c  coul ter wi th cover and pressu re . 

These res u l ts appeared to g ive some suppo r t  to the hypo thes i s  

o f  the exi s tenc e  o f  a "mo i s ture  po ten t i al  c ap t i t ivy" b e tHeen d i f f e rent  

g rooves , wh ich  was f i r s t d i scu ssed in  exper imen ts 1 & 4 .  

F rom F i g . J 4 a, i t  can be  s een tha t  the  rela t iv e  hum i d i ty l ev e l s  

i n  the ch i s e l  c o u l ter groove , the t r i p l e  d i s c  cou l ter groove w i th 

l oo s e  so i l  cove r  a nd pressure over the cov ered groove , and i n  the hoe 

c o u l ter  groove w i th or w i thou t pressure  on the uncovered seed s , 

w e r e  mai n ta i ned a t  o r  above 80 . 0% ,  7 9 . 6% ,  7 3 . 0% and 7 2 . 0% respec t iv e l y  

u n t i l  day 1 2 .  I n  t h e  o t her two trea tmen ts t h e  r . h .  l ev e l s  w e r e  

n ea r i ng t h e  c o n t ro l l ed r . h .  l evels o f  6 0 %  by d ay 1 2 .  

To tes t the  e f f e c t s  o f  changes i n  anb i en t  r . h .  o n  the in-groove 

r e l a t ive hum i d i ty ,  on day 1 2  the amb i en t  r . h .  was i ncreased to 90% 

r e l a t ive hum i d i ty. Read i ngs in  the i n-groove s i tua t i o ns ( f i g . 1 4a ) 

o n  d ays 1 3 ,  1 4  and 1 5  showed tha t th e r a t e  o f  r emo i s ten i ng was a l s o  

mo r e  rap i d  i n  t h e  grooves wh i ch had l o s t  mo i s ture vapour r ap i d ly 

u nd e r  the d r y i ng reg i me . Fo r exampl e ,  i n  the tr i p l e  d i s c  groove 
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TABLE 2 5  
The e f f e c ts o f  s e l e c t ed coul ter desi gns and covering techniques o n  the  

i n-groove s o i l  d r y i ng r a tes ( i n r . h . % / day)  

Trea tmen t s  

l .  Ch i s e l  coul ter , no pressure 

2 .  H o e  coul ter , no pressure 

3 .  Hoe  coul ter , 7 0  kPa pressure ov er 

s e ed 

4 .  Tr i p l e d i sc co u l ter , no cove r 

o r  p ressure 

5 .  T r i p l e  d i s c co u l ter , 7 0  kPa p r e s s u r e  

o v e r  s eed 

6 .  T r i p l e  d is c  cou l t er , 7 0  kPa p r e s s u r e  

over covered s eed 

Mean d r y i ng r a t e s  

- ( r . h . % /day )  

1 . 0 1 8  c 

2 . 0 3 2  B 

1 .  1 2 2 

3 . 1 28 

3 . 1 3 

1 . 3 2 8  

c 

A 

A 

c 

Unl ike l e t ters s how s i g n i f icant  d i f f erences a t  ( P  0 . 0 1 )  
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w i thou t cover and pressure , t h e  r . h .  increased f rom 6 1 . 8% to 8 7 %  w i t h i n  

t h r e e  days , w i th a n  average sorp t i o n  ra t e  o f  approx ima t e l y  8% r . h . / d ay . 

On  the o th e r  hand , the  so r p t ion r a t e  was s lowes t ( a t  1 %  r . h . / day) i n  the  

c h isel  co u l t e r  grooves . These observ � a t ions inversely  r e f l e c t ed the  

d ry i ng r a t e  t r end s j us t  a f ter  d r i l l i ng when t h e  g rooves were f ir s t 

expo s ed t o  the 60% amb ien t r e l a t i v e humid i ty . 

On day 1 6 ,  the amb i e n t  r . h .  was aga in lower ed to 60% . Th e purpose 

was to t e s t the repea tab i l i ty o f  t h e  dry i ng ra tes  o f  the in-groove 

r . h .  read i ng s . The c o n t inu ing i n-groove r el a t iv e  humid i ty r ead i ngs s howed 

s imi lar t r end s o f  dry ing ra tes as had been � id en t at the  beginning o f  the  

experimen t .  

S umma ry 

The r e s u l ts  of  t h i s  exp erime n t  sugges ted t ha t :  

( a )  The slowe s t  loss o f  mo is ture po t en t ial f rom the in-groove a r ea 

was asso c i a ted w i th imp roved seed - s o i l  con ta c t  by press ing o f  

t h e  seed , and /or a h i gh grade o f  seed cover . 

( b )  Wh ere these groove cha rac t e ris t i c s  wer e  favourable,  the mo i s t u r e  

vapour in  the groove eq u i l ibra ted mo re wi th the s eed m ic ro­

env i r onmen t t han t he amb i en t a i r .  A l tho ugh the  rela t i v e  humid i ty grad i e n t  

b e tween t h e  i n-groove a r ea and t h e ambient  a i r  migh t have been expec t ed 

t o  be  a d omi nan t f o r c e  as ea r l ier  sugges ted by Lemo n e t  a l . J  ( 7 0)  

this was ove r r idden by t h e  dominanc e  o f  seed-so i l  con tac t and / o r  cover 

d e t e rm ina An t s . Thus the s t eeper rela t ive humid i t y grad i e n t s  reac ted more  

s l owly to c hang i ng amb i e n t  cond i t i o ns ( bo t h  sorp tion  a nd d esorp t i on)  than 

t h e fl a t ter  grad i en t s . This was c l e arly because the s t eepness o f  th e 

grad i e n t  i n  the f i r s t  p l a c e  was d e t e rmi ned by the ab i l i ty o f  the favo u rab l e  

groove charac teris t i c s  t o  bu f f e r  t h e  in-g roove rela t ive humid i ty f rom t h e  

amb i e n t  cond i t ion . 

( c )  Wh ere the groove c harac t e r i s tics  were unfavourab l e ,  t h e  in­

g roove vapou r mo i s t u re was mo re i nc l in ed to  eq uil ibra t e  wi t h  

the  amb i e n t  air  than t h e  s u r rou nd ing so i l .  
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5 .  3 EXP ERIMENT 6 ( b ) : CORRELAT I ONS BETI.JEEN I N-GROOV E VAPOUR MOI STURE 

POTENTIAL AND S E EDL I NG EHERGENCE AS FUNCTION OF 

COULTER DES IGN AND COVERING TECHNIQUES . 

Objec t ives : 

Resul t s  f rom exper i me n t  6 ( a)  had i nd i c a t ed t ha t  i t  was poss i b l e  to 

measure s ig n i f i c an t  d i f f er enc es in i n-groove r el a t iv e  hum i d i ty and r a t e  

o f  c hange t h e r eo f , as a r e su l t o f  t h e  u s e  of  d i f f e r e n t  cou l t e r  types 

a nd cover i ng t ec h n i aues . I t  was a l so c l ear tha t the measu r i ng tech n i q ue 

u s ed was su f f i c i ent l y  s e ns i t i v e  to measu r e  d i f f e r ences i n  coul ter  

p e r f o rma nce a s  the r e l a t i v e  hum id i t y g r ad i en t  be tween so i l  a nd amb i e n t  

w a s  i nc r eased o r  d ec reased . I t  wa s t h e r e f o r e  cons i d er ed d es i ra b l e  to 

a t tem p t  to measure  the i n - g roove r e l a t ive hum i d i ty f rom t h e  same groove 

as the sown s eed s and t h e r eby p e rm i t po s s i b l e  cor r el a t i o ns to be  exam i ned 

b e tween , o n  the  o ne hand , g e rmi na t i ng seeds  and emerg i ng s e ed l i ngs , and 

o n  the o t her  hand , i n -g r oove vapo u r  mo i s t u r e  l o s s . Ad d i t i o na l  d e t a i l s  o f  

exper ime nt 6 ( b)  a r e g i v en  i n  a p p e nd ix ( 9  d , e  & f ) . 

Resu l t s a nd D i s c u s s io n :  

( a )  S eed l i ng emergence  and seed f a te : 

Tab l e  2 6  s hows the seed l i n g  em e r gence a nd s e ed fa t e  d a ta o f  ex p e r i me n t  

6b . Seed l i ng emergence appea r ed t o  be  s ign i f i c a n t l y  ( P = 0 . 0 1 )  h igher 

w i th a group of th ree  t r ea tme n ts wh i c h i nc l ud ed t he c h i s e l  co ul ter 

( 3 6 . 2%) , the hoe cou l ter  w i thou t p r e s s u r e  ( 3 1  . 1 % )  and the hoe cou l ter  

w i th 7 0  kPa  p r essure d i r ec t l y  ov e r  seeds ( 3 7%) ; compa red to 2 . 5% ,  7 . 3% ,  and  

8 . 4 %  w i th the  three  t r i p l e d i s c  t r ea tm n t s  wh i c h  were  r espec t i vel y ;  no 

cover o r  p r essure , 7 0  kPa p r es s u r e  d i r ec t l y over the seed , and loose so i l  

c over fo l lowed by pressure  over g roove  a t  7 0  kPa . Th ere was a s i g n i f i c a n t l y  

( P = 0 . 0 1 ) l a rger numb e r  o f  ung e rm i na t ed seeds f o und i n  t h e  g roov es o f  a 

g roup o f  t r ea t men t s  i n l · l ud i ng the  hoe cou l ter w i tho u t  p r e s s u r e , the 

hoe co u l t e r  w i th pres s u r e  and the t r i p l  d i sc coul ter w i thou t cover a nd 

p r essu r e ; c ompa r ed to the  pe rcen tage unge rm i na t ed seed s i n  the ch i s e l  

coul ter g roove and t h e  t r i p l e  d i s c  cou l t e r  w i th cover o v e r  t h e  seeds 

f o l lowed by p r essu re . 

I t  appea r ed tha t t h e r e  we r e  ( P  = 0 . 01 )  h i gher numbers o f  "germ i n­

a t ed bu t u neme rged " seed s i n  t he t h r e e  t r ea tme n t s  o f  the  t r i p l e  d i sc 



TABLE 26 

The e f f ec t s  of selec t ed d irect  d r il l i ng coul ter types and cov er ing techniqu es o n  s eed l i ng emergenc e and s eed f a t e  

( a t  t h e  term inal d ay 1 8 )  

Treatment s S eed l ing emerg ence 

% 

1 .  C h i s el cou l ter 3 6 . 2  B* 

2 .  Ho e coul ter , no pressure 31  . 1  B 

3 .  Hoe coul t er, 7 0  kPa 

pressure  over seed 3 7 . 0 ] 
4 .  Tr iple  d isc  coul ter,  

no pressure 2 . 5 A 
5 .  Triple  d isc  cou l ter,  

7 0  kPa pressure over seed 7 . 3 A 
6 .  Tr i p l e  d i s c  coul t er , and 

loose s o i l  cover and 

7 0  kPa pressure  over top 

of groove 8 . 4  A 

Amb i ent  cond i t ions 60%  r . h .  a nd 20°C t emp . c o ns t .  

* Co l umns wi th unl ike l e t t er s  d eno t e  s ign i f icant d i f f erences ( P  
I 

U ngermina ted seeds  

% 

1 5 . 2  A 

38 . 3  B 

1 9 . 3 12. 

29 . 3 ]. 

3 . 9  A 

O A  

0 . 0 1 )  

G ermi nat ed bu t u nemerged 

s eeds 

Dead seed l ings 

( 30 . 4 + 

( 30 . 6  + 

( 4 3 . 7  + 

( 6 8 . 2  + 

( 80 . 8 + 

( 6 8 . 0  + 

% 

V iab l e  seedl ing 

1 8 . 2 ) 4 8 . 6  B 

0 ) 3 0 . 6  B 

0 ) 4 3 . 7 ]. 

0 ) 6 8 . 2  � 

8 . 0 ) 88 . 8 c 

23 . 6 ) 9 1 . 6  .G. 

;­
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cou l t e r s  c ompa r ed to t h e  c h i sel  c ou l t e r  a nd a l l  t h e  hoe  cou l t er 

t r e a tmen t s . 

1 5 7 . 

S e e d l i ng v ia b i l i ty tes t s  a t  t h e  t e rm i na t io n  o f  t h e  e x p e r ime n t  

showed t ha t  an  average  o f  1 8 . 2% o f  s e e d s  sown b ecame v i ab l e  s e ed l i ng s  

b u t  had no t eme r g ed i n  the  c h i s e l  c o u l t e r  g r o o v e  comp a r ed to  23 . 6% 

i n  t h e  t r i p l e  d i s c  c o u l ter  g roove when s e eds w e r e  covered  a nd p r es s ed . 

I n  t h e  t r i p l e  d i sc  cou l ter g ro o v e s  w i th  p r e s s u r e  ove r t h e  u ncov e r ed 

groov e s , t h e r e  w e r e  8% u neme rged v ia b l e s e ed l i ngs . I n  t h e  r ema i n i ng 

t r ea tmen t s , a l l t h e  s e eds  i n  t h e  ' ' germ i na ted bu t uneme rged c a t egory , 

had d i ed .  

S in c e  exp e r iment 6 ( b )  s t a r t ed a t  a n  a b normally low i n i t i a l  so i l  

mo is t u r e  c o n t e n t  o f  1 4 % ( d . b . )  ( wh i ch was 3%  b e low PWP f o r  t h i s  �o i l � 
the low o v e ra l l  s e ed l i ng eme rge n c e  l ev e l s  w e r e  no t unexp e c t ed . T h e  

s e ed l i ng emergence  a nd s e ed- f a t e  d a t a show v e r y  s im i l a r  p a t t erns  t o  

t ho s e  r e p o r ted e a r l i er i n  expe r ime n t s  1 a nd 4 i n  d r y  so i l s . Th e 

r a t e s  o f  s e ed l i ng eme r g enc e ( a p p e nd i x  9 d )  showeJ s l igh t l y  e a r l y  s e e d l i ng 

emergenc e when e i t h e r  the c h i s e l  coul t e r  o r  t he hoe cou l t e r  we re  

u s ed , th a n  wh en the  t r i p le d i s c c o u l t e r  was  employ ed . T h e  l iq u id 

mo i s tu r e  c o n t e n t  o f  t h e  so i l  b l o c k s  ( 0  to  4 5  mm d ep t h )  a nd th e i r  ra t e s  

o f  d ry i ng a r e  s hown i n  t a b l e  2 7 . So i l  mo i s ture  c o n t en t s  d ec l i ned 

s igni f i ca n tly  ( P  = 0 . 0 5 )  f rom 1 4 % on t h e  d a y  o f  d r i l l i ng to 1 1 . 6% 

on day 1 6 .  

( b )  I n-groove r e l a t iv e  hum id i t y measuremen t s  

F i g . 1 5  and Tab l e  ( 28)  show the e f f ec ts  o f  coul t e r  types  o n  t h e  

i n-groove r e l a t iv e  humid i ty l ev e l s w i t h  t ime . From t h e  t ab l e  i t  a p p e a r s  

tha t o n  d ay 1 a f t e r  d r il l i ng ,  t h e  i n-groove r e l a t ive  h um i d i ty w a s  no t 

s i gn i f i ca n t l y  d i f f e r en t  amo ng s t a l l  t r ea tmen t s . I n-groove r e l a t iv e  

humi d i ty on  day  3 d e c l ined s i gn i f i ca n t ly ( P  = 0 . 05)  i n  t h e  grooves o f  

t h e  h o e  c o u l t er w i thou t p r e s s u r e  and t h e  t r i p l e  d i sc c o u l t e r  w i t h o u t  

p re s su r e , comp a r ed t o  a g roup  i nc lud i ng t h e  c h i s e l  cou l te r , t h e  h o e  

cou l t e r  g r o o v e  w i t h  p res s u r e  over  s e ed , a nd t h e  tr i p l e d i s c  cou l t er 

g roove w i th p r e s s u r e  app l i ed o v e r  t h e  c o v er ed s e eds . Th i s  t r end c o n t i nued 

un t i l  th e t e rmi n a t io n  o f  exp e r ime n t  o n  day  1 7 . 

From F i g . 1 5  i t  is a p pa r e n t  tha t t h e  i n i t i a l  dec l i n e  i n  i n-groove 

r . h .  was  mo s t  rap i d  i n  t h e  two unp res s ed a nd uncov er e d  grooves ( v i z . 
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TABLE 2 7  

T h e  e f f ec t s o f  amb i en t  cond i t ions on t h e  ma t r i x  so i l  mo i s tu r e  con t e n t  

o f  t u r f  b l o c k s  measu red a t  ( 0�4 5mm d e p th)  

Day s f rom sow i n g  So i l  mo i s tu r e  c o n t e n ts 

% ( d . b . )  

0 1 4 -0 a 

3 1 2 . 8 b 

6 1 3 . 2  b 

1 6  1 1 . 6 c 

LSD  0 . 6 5  

U n l i k e  l e t t e r s  s how s i gn i f i c a n t  d i f f c r e p c e s  a t  ( P  0 . 05 )  



TABLE 28 

The e f f ec ts of coul ter types and cov e r i ng technioues on i n-groove r . h .  at contro l l ed amb i e n t  cond i t ions o f  60% and 20°C 

temp erature 

TreatmeP t s  Days f rom sowing 

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

1 .  Ch isel  coul ter , 9 3 . 5  a 88 . 8  a 84 . 5  a 84 . 0  8 2 . 6  8 1 . 0  7 9 . 5 7 9 . 0  7 8 . 8  7 8 . 0  7 7 . 6  7 7 . 6  -

no cover o r  pressure 

2 .  Hoe coul t er , 9 2 . 6 a 85 . 5  a 7 9 . 0  b 7 8 . 3 7 8 . 3  7 7 . 6  7 4 . 1  7 1 . 1  6 9 . 6  69 . 6  69 . 5  69 . 1  -

no cover o r  p r essure 

3 .  Hoe coul ter , 9 1 . 0  a 8 5 . 6  a 8 2 . 1  a 8 1 . 8  8 1 . 1  80 . 5  7 7 . 8  7 3 . 6  7 3 . 5  7 3 . 5  7 3 . 1 7 3 . 1  - -

7 0  kPa pressure 
d i rec t ly over s eed 

4 . Tr i p l e  d is c  coul t er, 9 2 . 3  � 82 . 6  b 7 0 . 8  c 7 0 . 8  7 0 . 8  69 . 8  69 . 1  68 . 6  6 6 . 8  66 . 0  64 . 6  6 3 . 3  
no cover o r  p r es sure  

5 Tr i p l e  d i s c  coul ter, 9 3 . 0  � 86 . 8  a 8 3 . 8  a 8 2 . 8  8 1 . 6  80 7 8 . 5  7 4 . 5  7 3 . 5  7 4 . 0  7 2 . 8  7 2 . 8  -

7 0  kPa p r es sure 
over seed 

6 .  T r i p l e  d i sc coul t e� 9 2 . 6  � 87 . 5  a 8 3 . 0  a 8 2 . 1  8 1 . 1  7 9 . 6  7 7 . 0  7 3 . 0  7 3 . 6  7 3 . 4  7 2 . 4  7 2 . 4 -

l o o s e  so i l  cover + 
7 0  kPa over covered 
seeds 

Unl i ke l e t t e rs i n  a c o l umn show s i gni f i ca n t  d i f f erence a t  ( P  0 . 0 5 ) . 
0' 
0 
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F ig . 1 6 .  Compu ��i o na 1 d a t a  

Curv i l i near r egr ess i o ns 

Source  D .  F .  R 2 F-va l u e  S lopes  ( r . h . %  /day ) 

1 .  Ch i s e l  co u l t e r  
2 ( y  = 9 8 . 4 - 5 . 7 0X+0 . 4 8 2x )  3 5  0 . 9 2  1 9 1  . 7 2 . 3 3 8  

2 .  Hoe c o u l t e r , no 
pressure  

2 ( y  = 1 0 1 . 4 - 1 0 . 09+ 1 . 04 5x )  3 5  0 . 9 0 1 5 3 . 5  2 .  7 7 6  

3 .  Hoe cou l ter , 7 0  kPa 
Pres s u r e  over uncov ered 
seed 

( y  = 9 6 . 0 5 - 6 . 1 4 8x 
2 

0 . 60x)  35  0 . 8 7  l l l .  5 1 .  9 2  

4 .  T r i p l e  d i s c  coul ter , 
no press u r e  or cover 

( y  = 1 0 6 . 1 - 1 5 . 4 8X+ l . 6 0 7 � ) 3 5  0 . 9 3  2 3 7  . 9  4 . 2 3 2  

5 .  Tr i p l e  d i s c  co u l t er, 
70 kPa p r e s s ure  over 
uncov ered s e ed s 

2 (y = 9 7 . 8 2-6 . 05X+0 . 5 3 2x )  3 5  0 . 9 1  1 7 7 . 7 2 . 3 2 8  

6 .  Tr i p l e d i s c  cou l ter ,  
70 kPa p re s sure  over 
covered s e eds w i t h 
loose so i l  

2 
(y  = 9 8 . 2 3- 6 . 4 6X+0 . 5 7 7 x )  3 5  0 . 9 0  1 5 2 . 3  2 . 4 2 3  
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3.  Hoe cou lter ( pressurE 70kPa over seed ) 
4 .  Tri ple cl isc coulter ( no cover and pressure) 

5 .Tri ple disc cou l t e r  ( 70kPa pre s su re over s eed) 

6 . Triple disc coulter ( 7kPa pres sure ov e r  coverd 
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Fig . 1 6 .  Th e e f f ec t s  o f  cou l t e r  types and cov e r i ng techniques  on i n-groove r e lat ive hum id i ty a t  
c o n t r o l l ed amb i e n t  r e l a t ive h um i d i ty o f  60% ( regress ion curv e s )  
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hoe and t r i p l e  d i s c ) . 

Fig  1 6 .  shows the  regres s i o n  c urves o f  t h e  r a t e s  o f  the i n-groove 

v apour  mo i s t u r e  l os s  o f  t h e  s i x  t r ea tme n ts . Da t a  o f  f i rs t  s ix days 

was used as e Y p l ained i n  exper imen t 6 ( a ) . The r egress i o n  equa t ions 

o f  a l l  s ix t r ea tments  ( f rom compu t a t ional data o f  f ig . 1 6 )  were  

d i f f er e n t i a t ed to d e t e rm i ne t he i r  s lopes i n  terms  o f  r . h . % l o s s  per  

day . These  r .  h . % loss rates  a r e  s ho\vn i n  tab l e  ( 29 ) . To  d e termine 

the d i f f erences b e tween the mean d r y i ng ra tes o f  i n-groove vapour 

mo i s ture  ( r . h . % / day) of  a l l s ix trea tments  a t - s t a t i s t i c s  was u s ed 

o n  o r i g i na l  d a t a . Tab l e  ( 3 0) s hows t h e  es t ima ted t-s ta t i s t ic s  f o r  

d i f f erneces amo ngs t pa i r s  o f  b o ' s ,  b 1  ' s and b 2 ' s in  t h e  q ua r d i l i near 

e q u a t ions . The d i f f er e n c e s  be tween eac h pa i r  of equa t ions wer e 

c o ns id e r ed to b e  s i gni f i c an t wh e n  a l l  o r  mo s t  b-values ( b o ' s ,  b 1  ' s  

and b 2 ' s ) o f  i nd i vidual  eq u a t ions were s ign i f i c an t ly d i f f e r e n t . 

From tab l e  ( 29 ) , i t  a ppears tha t t h e  mean d ry i ng r a t e  was h i ghl y 

s ign i f i c a n t 1f P = 0 . 0 1 )  mo r e  rap i d  ( av e r age 4 . 2 3 1 %  r . h . / d a y )  when t h e  

g rooves we re d r awn \v i t h t h e  t r i p l e  d i sc cou l ter w i tho u t  any f o rm o f  

cover  o r  pres su r e  app l i c a t io n  over t h e  seed s a f t e r  d r i l l i ng , compar ed 

t o  al l o ther c ou l t er t r ea t ment s .  I� h e n  the hoe co u l t e r w i tho u t  

c ov e r  and p r e s s u r e  was used , t h e  i n- g roove mo i s ture  d r y i ng r a t e  o f  

2 . 7 7 5% r . h . / day was s i g n i f i ca n t l y  ( P  = 0 . 0 1 ) mo r e  rapid  than t h e  hoe 

c ou l ter  grooves wi t h  pressure  over t h e  seed s . The vapo u r  mo i s t u re 

d ry i ng r a t e  f rom the hoe c o u l ter f cOoves w i t ho u t  p ressu r e  was a l so 

s i gn i f i c an t l y  ( P  = 0 . 0 1 )  less  r a p i d  than tha t o f  the t r i pl e d i s c  

c ou l ter w i t hou t cover or  p r ess u r e . T h e  re l a t i o n s h i p  b e twee n  i n-groove 

r . h .  f rom day 6 un t i l  day  1 7  and t i me appeared to  be l i near . Th e 

d ry i ng r a t e  t r ea tmen t d i f f e r enc es  however r ema i n ed . 

The above r esu l t s  s u g ges t t h a t  the  ch i s e l  cou l t e r  was sup e r io r  

i n  t e rms o f  " mo i s t ure  po t e n t i a l  ca p t iv i ty" compared t o  bo th t h e  h o e  

c o u l ter  and t h e  t r i p l e  d i s c  cou l t e r  w h e n  no cov e r i ng o r  p r e s s u r e  was 

a p p l i ed . The p e r formances o f  the bo t h  o f  t h e  hoe cou l ter  t r ea tmen t s  

were  s u p e r i o r  t o  t h e  t r i p l e  d i sc w i t hou t cover  o r  pressure  i n  t e rms 

o f  ma i n t a i n i ng a h igh i n -g roove vapo u r  mo is tur e . The i n-groove 

vapour mo i s t u r e  d ry i ng ra t es o f  the  t r i p l e  d i s c co u l t e r  g roov es and 

t he hoe co u l t e r  grooves were  r ed u c ed t o  l eve l s  no t s i gn i f ic an t l y  

d i f f er e n t  t o  tha t o f  t he c h i s e l  coul t e r  by appl y i ng p r ess u r e  over t h e  

cove red seed s  o r  d i re c t l v  o v e r  t h e u ncovered seed s . 



TA B L E  29 

Th e e f f ec t s  of s e l e c ted cou l t e r  d e s i g n  and cover i ng me thods o n  t h e  

i n-groove so i l  d ry i ng r a t e s  

Trea tmen t s  

1 .  C h i s e l  coul ter , n o  p r es s u r e  

2 .  H o e  cou l t er , no p r e s s u r e  

3 . H o e  c o u l t P r , 7 0  k P a  r r e s s u r e  o v e r  s e ed s  

4 .  T r i p l e  d i sc  co t t l t c r , no cover o r  p r e s s u r e 

5 .  T r i p l e  d i s c co u l te r ,  no c o v e r  

7 0  k P a  p r e s s u r e  over s eed 

6 .  T r i p l e  d i sc  cou l L e r , 70 kPa p r e s s u r e  

o v e r  covered s e ed s . 

Mean d ry i ng r a t e s  

( - r . h . % / d a y )  

2 . 34 c 

2 .  7 7 5B 

1 .  9 2  c 

4 . 2 3 1 A  

2 . 3 28C 

2 . 4 2 3C  

Unl i k e  l e t t e r � show s i g n i f ic a n t  d i f f e r e nc e s  a t  (P  0 .  0 1 )  

1 6 4 . 
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TABLE 3 0  

� 

Es t ima t ed t-s ta t i s t i c s f o r  d i f f e r e nc es among s t  p a i r s  o f  b o ' s ,  b 1  ' s a nd 

b 2 ' s  f rom the c u rv e s  o f  vapour mo i s t ur e  d ry i ng r a t es i n  s ix c o u l t e r  

trea tme n t s  

b 0 ' s  t Ch i s e l  Hoe Hoe T r i p l e  T r i p l e  T r i p l e  

b l 
coul t e r  cou l te r  d i sc  d i s c  d i s c  s cou l t er  w i th cou l ter cou l te r  a nd no cove r  
p ress u r e p r e s s u r e  n o  w i th p r e s s u r e  

o n  seed p r e s sure p r e s s u r e  ove r  grooves 
over 
s eed s 

i< * 'k  * ''' * * '" *  
�� 0 6  �� 34 - Ch i s e l  c o u l ter 4 . 8 7  4 . 09 1 1 . 7 4 

- Hoe cou l t e r  

�''"� 1' * *  * �I.. .J.. �i� 5 no p r e s s u r e  . 3 8 . 5 2  6 . 64 5 ': 7 8  

- Hoe c o u l t e r  

�� 9 5  
* * *  * * *  * 1' *  * *  

pres s u r e  over 7 . 6 9 1 5 . 0 2 3 . 0 9  3 . 3 4 

seed 

-Tr i p l e  d i s c  co u l t e r  * ''' * ·le * �  '" '� * 'c * *  
11 ':�6  no p r e s s ur e  2Ll . O 9 . 4 3 1 7 . 09 1 2 . 54 

-Tr i p l e  d i s c 

pres s u re over 

0�� 7 -;": ''' * �� 2 1  
* * *  t�S 

seed 8 . 8 1 1 7 . 5 5 . 7 

-Tr i p l e  d i s c cou l t e r  
N S  * ''' '� NS * * ;'c N S  

p r e s s u r e  over 1 .  6 1  6 . 9 8  0 . 6 2 1 6 . 4 3  0 . 84 

covered grooves 
b 2 ' s  d i f f erences 

- ch i s e l  * -1:. * 
-hoe , no p r e s s u r e 3 . 04  

�'�' � 8 
;": * -1< - h o e  p ressure  2 2 . 4 4 

;": ;'\. '/:. * '" * ;\: '"' * 
- t r i p l e  d is c  8 . 85 3 . 64 7 . 0 7  

no p re s s u r e  
- t r i p l e  d i s c  NS ;": ;": * NS ;'t * *  

p r es s u r e  over 0 . 4 2 3 . 9 1  0 . 5 7 7 . 5 7 

s e ed 
- t r i p l e  d i s c  NS .. ;.. * ;', NS * * *  NS 

p ressure  over 0 .  7 3  3 . 5  0 . 24 7 . 2 8  0 . 3 3 

covered grooves 

NS  No t s i gn i f i ca n t  a t  ( P  = 0 . 0 5 ) 
;\: ;':. ·l< S i gn i f i ca n t  a t  (P  = 0 . 005 )  

i' f rom e q ua t ions i n  f i g . 1 6 .  



1 6 6 .  

Co r r e l a t i o n  c o e f f i c i e n t s  o f  vapo u r  mo i s t u r e  d r y i ng r a t e s  v s  

p e r c en t age s e ed l i ng emergence , ungermi na ted s e ed s , and s e ed l i ng s u rv i v a l  

w e r e  compu t ed . A l ow nega t i ve cor r e l a t ion c o e f f . r = 0 . 58 8  ex i s t ed 

b e tween the vapour mo i s t u r e  d ry i ng r a t e s  a nd the to tal  s e ed l ing emerg­

ence perc entage . S im i l a r l y a weak po s i t ive  c o r r e l a t i o n  c o e f f .  o f  

r = 0 . 5 2  was apparent  b e tween the vapo u r  mo i s tu r e d ry i ng r a t es and 

the ungerm i na t ed s eed s . 

A l ow nega t i ve c o r r e la t io n  co e f f . b e tween the seed l i ng emergence 

a nd the i n-g roove vapo u r  mo is ture  d r y ing ra tes may no t b e  who l ly 

unexpec t ed . Res u l t s  f rom exper i men t 5 sugges ted  that  seed g e rm i na t i on 

was s trong ly assoc i a ted wi th the l iq u i d  so i l  mo i s ture ava i l ab i l i ty a t  

a n  ea r l y  s tage . For e xamp l e , i n  the t r i p l e  d i s c cou l t e r  g r oove , 

when the s e e d s  were covered , fo l lowed by  p r e s s u r e , a r e l a t i v e l y  h i gh 

v apour mo i s t u r e  po t en t i a l  ( o r  a low vapour d ry i ng r a t e  o f  2 . 4 2 3% r . h . /  

d a y )  was ma i n ta i ned , b u t t h i s  d i d no t res u l t i n  a corres pond i ng l y  h i gh 

s e ed l i ng eme r gence , wh i c h was only  8 . 4 % . There was howeve r  1 00% s e ed 

g e rm i na t io n  i n  t h i s  groove , and a t  t h e  term i na t io n  of the  exper imen t on  

d ay 1 7 , 23 . 6% of  the s eed s sown w e r e  f ound to  b e  s t i l l  v i a b l e  b u t  

had no t e�e r g e d . Th i s  sugges t s  tha t the imp roved seed cover  had 

ma i n tai ned h i g \ 1  enough i n-groove so i l  a t�o s phe r i c  rel a t i v e  humid i ty 

to have a i ded  the germ i na ted seed s i n  s u rv i v i ng f o r  a p e r iod o f  a f ew 

d a ys . Exp e r imen t 5 had a l so i nd i c a t ed howeve r  t ha t  mo ] s tu r e  p o t en t ] a l s  

a s  high a s  0 b a r s  i n  t h e  vapour f o rm were  no t s u f f i c i en t t o  p e n1i t t h e  

s e ed rad i c l es t o  e l onga te , and p ene t r a t e  i n to mo i s t  so i l  l a y e r s  a longs i d e . 

Conseq ue n t l y  the g e r� i na ted seed s i n  rhe  t r i p l e  d i sc grooves e i the r d i ed 

o r  rema i ned v i ab l e  b u t  were no t a b l e  to d ev e l o p  to a s ta g e  o f  emergenc e . 

\�e n  the  t r i p l e  d i sc coul t e r  grooves i nc l uded 70 kP a p r e s s u r e  

d i rec t l y  ov er  L h e  uncovered seed s , the i n-gr oove r . h .  wa s aga i n  ma i n ta i ned 

a t  r e l a t iv e l y  h i gh l ev e l  (or  a low vapour mo i s tu r e  d ry i ng r a te o f  

2 . 328% r . h . / d a y )  b u t  th i s  too d i d  no t r es u l t i n  corr e s p o nd i ng l y  m o r e  

s eed l ing emergence . I n  th i s  cas e 9 6 . 1 % seeds germi na ted b u t  o nly 

8 . 0% were found to b e  s t i l l  a l i v e . An exp l a na t ion  f o r  th i s  would s eem 

to be tha t wh i l e  the s e 2ds i n i t ia l l y  imb i b ed eno ugh mo i s tu r e  to 

g e rm i na t e  due to the f avourab l e  s e ed-so i l  co n tac t ( improved mo i s t u r e  

d i f f u s i o n  hypo thes i s  s e e  sec t i o n  2 . 3 ) . Th e r e  was no t s u f f i c i e n t  

s eed cover i n  th i s  c a s e  t o  ac t a s  a bu f f e r  aga i ns t  t h e  r a p i d  d ry i ng 

o f  i nner groove s u r f a c es . C l ea r l y , f rom F i g . 1 5  th i s  r e s u l ted i n  

a mo i s t u r e  vapour g r ad i ent  away f r om the s e e d - s o i l  i n t e r f a c e  towa rds  



F i gure ( 1 7 ) Comp u t a t i o na l  d a t a  

Curv i l i near Regr e s s io n  

;y-= 1 0 . 6 2 - 2 . 1 34 ! 4 · � 5 
1 .  7 8  

D .  F .  1 6  
R2 5 8 . 8% 

t - v a l u e  = - 5 . 0 2  

y s e e d l i ng s u r v i v a l  i n  p e r c e n t 

x = so i l  i n-groov e r e l a t i ve hum i d i ty ( r . h . % / day 

d r y i ng r a t e . 

1 6  7 .  
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2 3 4 5 6 
Soil va pour m o i s t ure d rying rate s( r . h .O/o /day) 

F ig .  1 7 . Co r r e l a t i o n c u rv e  o f  ( s e e d l i ng eme r g e n c e  + s u b - s u r f a c e  
s e ed l i ng s u rv i va l )  v s  i n- g roove r e l a t ive h u m i d i t y 

l o ss r a t e .  
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t h e  e tmo sphe r e . Und er th ese cond i t i ons the  so i l  i n ter f a c e  was appar e n t l y  

u nab l e  to  s upp ly su f f i c i e n t  l iq u id mo i s ture to  t h e  s eed i n t e r f a c e , 

and s eed l i n�mo r tal i ty o c c urred . 

S ince the  so i l  vapour mo i s tur e po tent i a l  ( o r  the lack  o f  i t ) 

appeared to  b e  assoc i a t ed a t  lea s t  as much w i th t h e  sub-su r f ac e  

s urv ival o f  t h e  germina ted  s eed s as w i th t h e  pro l i f era t ion o f  t h i s  t o  

t h e  seedl i ng emergence s tage , i t  s e emed log i ca l  to  eyamine the  cor r e l a t ion 

b e tween the d ry i ng r a t e s  of the  vapo u r  mo i s tur e in the i n-groove 

s i tua t i o ns , and the comb i ned percentages of s e e d l i ng emer gencR a nd 

unemerged v i a b l e  seed l i ngs . Such  a r e l a t ions h i p  showed a nega t ive 

c o r rela t ion c o e f f .  of  r = 0 . 7 1 2 .  Th i s  migh t b e  d e s c r ibed  as accou n t i ng 

a pprox ima t e ] y for 5 1 %  o f  seed l i ng emcr gepce and survival per f o rmanc e ,  

i n  t e rms o f  i n-groove w a t e r  va pour d rying ra tes . I f  t h i s i s  correc t ,  

t hen t h e  r ema i n i ng 4 9 %  o f  accoun tab i l i ty i s  a s  ye t uni d en t i f i ed . 

Us i ng the data o f  d ry i ng r a te8 f rom tab l e  ( 29 )  and s eed l i ng emerg­

ence f r om tab l e  ( 2 6 ) , a c u rve was f i t t ed wh i c h  gave a s i gni f i can t f i t  

a s  shown i n  t h e  f i g . ( 1 7 ) . A ma thema t i ca l  mod e ]  was compu t ed : 

;y-= 1 0 . 6 2 - 2 . 1 34!4 · 4 5  
X 

1 .  7 8  

where x = soi l i n-g roove rela t i v e  h um i d i ty ( r . h . %  / d ay ) l o s s  

r a t e  

y = s eed l ing surv i v a l  i n  p erce n t . 

Th i s  mod e l  showed a c o e f f i c i en t  o f  d e term ina t i on R 2 = 0 . 588 . Th e mod e l  

gave a good f i rs t hand approxima t ion o f  the  expec t ed comb i ned seed l i ng 

emergence and sub-su r f a c e  survival  percen tages , g iven the  rrean d ry i ng 

r a t e  charac t er i s t ic s  o f  the in-groove r . h . f o r  a spec i f i e d  cou l t e r  type . 
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5 . 4  S UMMARY OF RESULTS AND CONCLUS IONS ( Exper imen t s  5 , 6a , b )  

I t  was appa r e n t  f rom t h e  r e su l t s o f  e¥ perime n t 5 tha t Ka ramu 

whea t seeds wo u l d  no t germ i na te i f  mo i s tu re ava i l ab i l i ty to the seed s  

w a s  only i n  t h e  vapour pha s e . I n i t i a l  l iq u i d  imb ib i t ion ( pa r t ia l l y  

o r  who l ly )  w a s  necessary f o r  t h e  seeds t o  germi na t e . Af t e r  t h e  seeds had 

i mb ibed to at l ea s t  60 . 0% g / g  of the seeds , the s eed rad i c l e s  and 

p l umu l e s  were ab l e  to grow to a f ew m i l l ime t r es leng th under vapour 

mo i s t u r e  po ten t i a l s  of - 20 bars and h i gher . Under thi s s tr e s s  the 

s e ed l i ngs would no t emerge however u n l e s s  the s e ed r ad i c l e s  were ab l e  

t o  pene tra te q u i ck l y  i n to mo i s t  so i l  l ay ers a t  a h i gher mo i s ture  po ten t­

i al ,  ava i lab l e  in the l i q u id phase . A t  vapo u r  mo i s ture po t e n t i a l s  l es s  

than - 20 bars , t h e  germ i na ted s eeds we r e  no t expec t ed t o  eme r ge 

and s ub-su r face seed l i ng mo r ta l i ty o c c u r red . 

F rom expe r imen ts 6a a nd 6b i t  wa s c l ea r  tha t the c h i s e l  cou l ter , 

t h e  hoe coul t e r  g rooves w i th pressure over the seeds  and the t r i p l e  

d i s c  cou l t e r  w i th pres s u re over t h e  covered o r  uncovered s e e d s  were 

a b l e  to ma i n ta i n  s i gn i f i c a n t ly h i gh mo i s ture po t en t i a l s ( low vapo u r  

d ry i ng ra tes ) a t  t h e  seed-so i l  i n t e r face . H i gher  mo is ture  po t en t ia l s  

i n  the  vapo u r  phase appea r ed to be  an esse n t i a l  c omponen t i n  seed l i ng 

s u rv ival  so long as some l i q u i d  mo i s ture  was also ava i lab l e . In the 

t r i p l e  d i s c  cou l ter  g rooves , wh en p r e s s u r e  o r  s ee d  cover was no t 

p rov i d ed , there  appea r ed to  be g r e a t e r  mo i s tu r e  s t ress  on  the  seed l i ngs 

b ecause of the h i gher i n i t i a l  vapo u r  d ry i ng r a t e s  wh ich d es i c ca ted 

the germina ted s e ed l i ngs . When seeds in the gr oov e s  o f  the t r i p l e  

d i s c  cou l t e r  were  cove red , t h e  i n-groove mo i s tu r e  po ten t i a l  d r y i ng r a t e  

was gePera l l y  reduced wh i c h  a i d ed the s u rv ival o f  some o f  t h e  germina t ed 

s e ed s . Pressure  app l i c a t i o n  d i rec t l y  over the seeds appa r e n t l y  d id 

no t s i gni f i ca n t l y  i n c r ease the to ta l seed l i ng eme rgence howev e r . 

There  appea r e d  to be a mo i s tu r e  deso r p t io n  process  away f rom the seed 

i n te r face p robably because of the l a c k  o f  seed cover und e r  very l ow 

amb i e n t  r . h .  cond i t i ons . When the s eed s i n  the  t r i p l e  d i sc g roove 

w e r e  covered w i t h loose s o i l  and then p ressed at 70  kPa , there  appea r ed 

to b e  a reduc t io n  i n  the i n-groove vapo u r  mo i s tu r e  d ry i ng r a te . Th i s  

r es u l t ed i n  a h i gher p e r c e n tage o f  s e ed g e rm i na t io n  b u t  apparen t l y  d id 

n o t resul t i n  a correspond i n g  i nc rease i n  seed l ing eme rgenc e ,  a l t hough 

t h e r e  was an i nc r eased p e r c e n tage o f  v i ab l e seed l i ngs in the  "ge rmin­

a t ed but u neme rged" Ca Lego ry . Th i s  showed tha t und e r  low l i q u i d  

mo i s tu r e  ava i l ab i l i ty ,  p r es s u r e  ov e r  the seed s a f t e r  cove r i ng h e l p ed 



ma i n ta i n  a r e l a t iv e l y  h i gh vapour mo i s t u r e  p o ten t i a l , and t h er e f o r e  

r es u l t e d  i n  a n  i nc r eas ed p erc en tage o f  s e ed l i ng s u rv iva l , i f  no t 

emer g e nc e . 

P roj ec t i ng t h e s e  f i nd i ngs to  f i e l d  cond i t ions i t  appears  tha t 

und e r  c r i t i ca l  s o i l  mo is ture cond i t i ons , cou l ter  d e s ign p arame t e r s  

mu s t  b e  s u c h  tha t the r e s u l t a n t  grooves e na b l e  the  s eeds  to b e  s own 
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a t  a p p r op r i a t e  s o i l  d e p ths where  i n i t i a l ly ,  mo i s t u r e  is  read i ly 

ava i l a b l e  i n  the  l i q u i d  phas e .  Th e c o u l t e r  des ign mus t a l s o  i n c o rpora t e  

f a c i l i t i e s  to p r o v i d e  o p t imum s e ed cov e r  wi th a v i ew t o  avo i d i n g  the 

d e s i c c a t io n  of the s eed- s o i l  i n t e r f a c e  a nd the ma i n tenance o f  i n-groove 

wa t e r  vapour po t e n t i a l . The d e s i rab l e  s eed cover  charac t e r i s t i c s  

should : 

( a ) A l l ow a low mo i s tu r e  po ten t i a l  d i f f u s i o n  f rom the s eed- so i l  in ter­

face to t h e  so i l-amb i e n t  i n t e r f a c e . 

( b )  Fac i l i ta t e  the s torage o f  mo i s ture near the  s o i l  s u r f ac e . 

( c )  P r o t e c t  the  seeds f rom d ir e c t  rad i a t i o n . 

( d )  Avo id tran s f e r r i ng d ry sur f a c e  so i l  down to t h e  s eed-so i l  i n ter­

f a c e  a t  a s ub - s u r f a c e  l ev e l . 

T h i s  s tudy conf i rmed the sup e r i o r i ty o f  t h e  c h i s e l  cou l t e r  over the 

t r ip l e  d i sc  cou l t e r , and to  a l es s e r  ex t en t ,  the hoe c ou l t e r  in 

t e rms  of c r e a t in g  s o i l  phy s i ca l  cond i t i ons s u i t ab l e  for s e ed l ing es tab­

l i shmen t . I t  h as however a l s o  h i gh l i gh ted d e s i g n  or  t e c h n i q u e  changes 

w h i c h  should improve the sui tab i l i ty of these two l a t ter cou l t e r s . A 

cau t ious approach  i s  needed however , whe n  i n t e r p r e t i ng a nd app l y i ng 

t he i n- groove r . h .  measurem e n t s  and t h e  i n-groove vapour mo i s ture 

p o t e n t i a l  d ry in g  ra te  mod e l s .  Such meas u r i ng too l s  s hould b e  cons idered  

in  r e l a t iv e  t e rm s  and as general  gu i d e l i n e s . For exampl e  if  the  

r . h .  measuremen t s  were taken a s  absolu te , even the  max imum r . h .  read ing 

of  9 7 % , whe n  c o nv e r ted i n to mo i s t u r e  p o ten tial  would  equa t e  w i th - 5 5  b a r s . 

Th i s  value i s  too  low to a l l ow any vapour d ep enden t  s e ed g e rm i nQ tion to 

o cc u r . For f u t ure  research p r i o r i t i e s , t h e r e f ore  i t  a p p e a r s  to  be 

impor tan t : 
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( i )  To f u r t h e r  re f i ne the eq u i pmen t u s ed , and the techniques  

i nvolved in  the  mea s ur eme n t s  of  s eed-so i l  i n t e r f a c e  mo i s ture 

p o ten t i a l . 

( i i )  To cond u c t  i n tens i v e  l abora tory r e s earch to t e s t the  e f f e c t s  

o f  a w i d e r  ra nge o f  c o u l te�  grooves on  t h e  s e ed- s o i l  i n ter­

f a c e  mo i s t ur e  p o t en t i a l  ( bo th  l iq u i d  + vapour p h a s e )  in  

an  e f fo r t  t o  mea sure q uan t i ta t ively the  i n terac t i ons b e tween 

vapour mo i s tu r e  �er se or  in comb i n3 t ion w i th l i q u i d  mo i s tur e ,  

and s eed g e rm i na t i on s ub-su r f a c e  s u r v ival , and s e e d l i ng 

emergenc e . 
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CHAPTER  G 

F I E LD EXPE R I MENTS 

6 . 1  EXPERIMENT 7 :  COMPARI SONS OF COULTER P ERFOR}�NCE UNDER A RANGE 

OF CL I��TIC  AND SOIL OONDITIONS 

6 . 1 . 1  Obje c t ives 

Repe t i t i ve f i eld  d r i l l i ng aimed at  compar i ng three cou l ter  

types  and cover i ng t echni ques was c a r r i ed out  for t nigh t l y  over a 

p er iod o f  s i x mon th s  d u r ing the  1 9 7 7 / 7 8 spr i ng-summer-a u t umn period s . 

The purpo s e  o f  t h i s  programme was t �:o- fold . 

( a )  To tes t t h e  rep ea tab i l i ty i n  a f i e l d  s i tua t io n ,  o f  

resu l t s  o f  cou l ter per formanc e o b t a ined from t h e  t u r f  blocks 

s tud ies i n  the  c l ima t e  l abo r a t o r y . 

( b )  To prov ide i n forma t ion wh i ch mi gh t b e  useful i n  a t temp t i ng to 

f o rm mean i ng f u l  correla t ions b e tween measu r ed amb ien t cond i t­

io ns and p r e-d r i l l ing so i l  mo i s t u r e  c o nd i t i ons i n  the seed zone , 

and seed l i ng emergenc e o f  whea t as a func tion  o f  coul t e r 

types and cove r ing t ech niqu es . 

6 . 1 . 2  Experi me n tal design 

Th i s  exper ime n t  was desi g ned to d r i l l  whea t seeds f o r tnigh t l y , 

i r r espec t iv e  o f  the wea ther cond i t i o ns . S e ts o f  3 examp l es o f  3 

cou l t er t y pes v i z . t r i p l e  d is c , hoe a nd an expe r imen t a l  c h i s e l  coul ter  

were  used . Thus a to t a l  o f  9 tes t cou l ters  we r e  used . Two rows prov i d ed 

guard rows on e i ther  s i d e  of  t h e  d r i l l . The  t r ea tmen t  c o u l ters  wer e 

assemb l ed o n  a comme r c i ally  ava i l ab l e  seed d r i l l  wh ich was f o l lowed 

by a bar  har row . These s e ts o f  cou l t ers  o n  d r i l l  are s hown i n  

p l a t e  1 4 . 

Eac h  s e t  o f  3 c ou l ter types wa s f ixed i n  i t ' s  pos i t io n  o n  the 

d r i l l  t hr oughou t the experimen t .  Th i s  mea n t  t ha t  one s e t  of a 

g iven cou lter type a lway s rema i ned i n  the c e n tr e . From a s ta t i s t ic s  

po i n t  o f  v i ew , t h i s  was und e s i rab l e . However , b ecause  o f  prac t ical  

l imi ta t ions i t  was no t feasi b l e  to  cont inua l l y  in terchange the  

pos i t ion o f  the  cou l te r  types . A l t hough und e s i rab le this  ar rangeme n t  



was no t f e l t t o  have a f f e c t ed the resu l t s  as eve r y  a t temp t was 

made  to rand o m i s e  the d i r ec t ion of t rav e l  in  eac h p lo t .  

6 . 1 . 3 Me thods and m a t e r ia l s  

A f l at a r ea o f  permanen t pas t u r e  was marked i n to 4 b lo ck s  o f  

1 2  plo ts ( 4m x 2 . 6m )  each giv ing a to t a l  o f  4 8  p l o t s . A t  each 

d r il l i ng time 4 plo t s  we r e  selec t ed r a ndoml y , sp rayed w i t h  par aqua t 

a nd di camba a t  the  ra t e  o f  5 . 1  1 / ha a nd 1 . 4 1 / ha r espec t i v e l y  

( w h i c h  was t h e  s ame as in  the l abo ra to ry expe r imen t s ) . D r i l l ing was 

a c comp l i s hed 2 days a f t e r  s p ra y i ng . T h e  pas t u r e  was mown to 

a pproxima te l y  4 0- 5r mm heigh t one week b e f o r e  spray ing . 

Amb i ent cond i t io ns 

The p r eva i l ing wea ther  d a ta was c o l l ec t ed f rom a me teorological  

s t at ion ( Massey Un ivers i t y )  a t  a d i s t a nce o f  200  m e t res f r om t h e  

expe r imental  s i t e . Th i s  wa s expec t ed t o  be representa t iv e  o f  the 

c ond i t ions expe r i enc ed a t  r h e s i t e  o f  the f i e L d  experimen t .  Ove r  the  

d r il l i ng per iod , the amb ient  and soi l cond i t ions var ied f rom 
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e x t r emely dry  t o  we t .  The ave rage wee k l y  mean t empera t u r e  and rela t ive 

h umid i t y % va r y i ng f rom l 4° C  to 20°C . a nd 66% t o  88% respec t i v e l y . 

( s ee append ix 1 0d . )  I t  was no t ed , tha t t h i s  par t icular s ummer period 

was unusual l y  d ry compa red t o  the 10 year  av erage ( see ap pend ix 1 0e ) . 

S o i l  Mo is t u r e  Measu r eme n t s  

Da i l y  measuremen t o f  s o i l  mo i s t u r e  s ta tus  was con s i d e r ed t o  

b e  impo r t an t ,  t o  prov ide da ta tha t m i gh t be  c o r r e l a t d wi th  s e ed 

g e rm i na t ion and s eed l i ng eme rgence d a ta . I t  wa s f e l t  to b e  o f  

m o s t  r e l evanc e t o  measu r e  the s o i l  mo is ture  s ta tu s  a t  t h e  l ev e l  

o f  t h e  impl a n t ed seed . Ac co rdingly s o i l  mo is t u r e  was d e t e rm ined a t  

d ep ths  o f  4 5  mm using a spec ia l l y  d e s igned c o r e  s ampler . Core  sampl es , 

o f  1 2 . 5  mm d iame ter  were ta ken f rom each p l o t . � 

De tai l s  o f  r a in f a l l and da i ly s o i l  mo is t u r e  content  d a t a  a r e  

g iven in  Append ix 1 0c . 
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S ee d l i ng Emergence and S e ed Fa te Cou n t s  

S eed l i ng emergence coun t s  were taken week l y  f r om week 1 u n t i l  3 

weeks af ter d r i l l i ng o f  the whea t s eed s . The emergence counts  were 

s ampl ed f rom 2 m l eng ths o f  each trea tm e n t  row . This  r ep r e s e n ted 

approxima te l y  9 0  s eeds per row o f  d r i l l i ng ,  o r  270  seeds per  p lo t .  

The pu rpo s e  o f  taking seed l i ng eme rgence coun ts over a per iod o f  

t h r e e  weeks was f o r  two r easons : 

( a) Th is prov ided f i gures  f rom which  th e pla t eau o f  to ta l emergence 

could b e  i d en t i f ied . 

( b )  I t  was ho ped t o  b e  ab l e  to tes t t h e  e f f e c t s  o n  seed l i ng emergenc e ,  

o f  wa ter  s t ress  as we l l  as poss ib l e  d amage due to  insec t s  a nd 

pes ts i n  t he i n t e rvening per iod . 

Dur i ng la t e  Novembe r  a nd in  Decemb e r , 1 9 7 7  d amag e to the emerged 

s eedl ings by  s lugs and c r i c kets  was observed . In the f i na l  s e e d l i ng 

emergence per c e n tage f i gures for these two samp l i ng da tes a n  ad j u s tmen t  

was made f o r  t h i s  damage because the d amaged s hoo ts were s t i l l  v i s ib l e  

j u s t  b e low ground l evel . A t  the e nd o f  the th ird week a f ter  sow i ng ,  

a me t r e  l en g t h  o f  each row was e xcava �d w i t h  a hand scoop a nd seeds 

and seed l i ngs we c e  harves t ed foe iden t i f ic at ion ( s eed f a t e ) . I t  

appeared tha t in  exper ime n t s  wh ere an adequ a t e  s o i l  mo is ture was ava i l a b l e  

a nd s eed l ing emergenc e  took p lace , mos t o f  t h e  ungermina t ed and 

" ge rmina ted b u t unemerged " seeds had decay ed by  3rd week . Ther e f o r e  

n o  rel iab le d a t a  w a s  po s s ib l e . Howevec , in  experiments  whe r e  no 

s e ed l ing eme rg ence occurred ( i n d ry s o i l ) , ungermina t ed and " g e rm i na t ed 

b u t  unemerged " s eed d a t a was recorded . 

Experime n t a l spec i f i ca t ions and raw d a ta are  given in  ap pend ix 1 0 .  

6 . 1 . 4  Resu l t s  and d i sc ussion  

( a )  S eedl i ng emergence and seed  fate  coun ts :  

Tab l e  3 1  s hows the  f i nal (week 3 )  seedl ing emergenc e p er c e n tage s . 

The week b y  w eek d a t a  a r e  given in  a p p end ix l Ob ,  b u t  only week 3 d a ta 

were  used i n  the  anal y s i s  o f  varianc e and mode l s  d i scussed b e l ow . 



TABL E  3 1  

The e f f e c t s  o f  d i rec t d r i l l ing coul ter types on seed l i ng emergence 

o f  d i r e c t  d r i l led wh eat  ( coun ts as a t  expe r imen t termina t ion day 2 1 ) 

f rom 1 2  d r i l l ing da tes  

S eed l i ng emergence perc en t 

Cou l t e r  type s Tr i pl e  d i sc Hoe  Chisel  

Dr i l l i ng no s . 

1 7 1 . 6  a 66 . 6  a 67 . 3  a -

2 4 9 . 3  b 5 5 . 5  b 48 . 7  b 

3 4 5 . 0  c 4 8 . 1  c 4 9 . 3  c - -

4 59 . 1  d 5 1 . 3  d 64 . 1  d 

5 0 e 0 e 0 e - -

6 0 e 0 e 0 e 
- - -

7 0 e 0 e 0 e 
- - -

8 0 e 0 e 0 e 
- - -

9 20 . 5  f 2 1 . 1 f 34 . 6 .8. 
1 0  4 0 . 3  h 5 7 . 3  i 54 . 1  i 

1 1  58 . 3  i 5 1 . 8  i 59 . 8  i 
1 2  7 0 . 5  k 80 . 9  1 82 . 6  1 

Unlike  l e t t ers  in a row show s i gnif ican t ( P  0 . 0 5 )  d i f f erences 
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Tab l e  3 2  s hows the we ekly  ave raged s o i l  mo i s ture  contents  a t  various 

i nt erval s  a f t e r  d r i l l ings took p l a c e . 
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I n  t h e  f i rs t four d r i l l ings , the  soil  mo i s ture  cont e n t s  were h igh 

a nd n ear i ng f i eld c apac i t y . As a resul t ( tab l e  3 1 ) , th e r e  appear ed 

t o  b e  genera l l y h i gh s eedl ing emergence cou n t s  and there were  no 

s ig n i f ican t d i f f er enc es b e tween coul ters i n  t h i s  respec t . 

I n  t h e  5 th d r i l l i ng ( table  3 1 ) , ther e  was no s eed g e rm i na t i on w i t h  

a ny coul t e r , as the s o i l  mo i s tu r e  a t  the t ime o f  d r i l l i ng was wel l 

b elow w i l t ing poin t ( s e e  append ix 1 0c ) . Four m i l l ime tres o f  r a i n  f e l l 

4 day s a f ter  d r i l l ing a nd as a r esu l t  i nc r eased so i l  mo i s tu r e  to a t empo r­

a ry peak o f  2 3 . 8% which  promo ted 1 00% seed germina tion . However t h i s  

d id no t r e su l t i n  seed l i ng eme rgence un t i l  t h e  e nd o f  the 3rd week 

by wh ich  t ime emergence coun ts had c eased . S eed f a te samp l es were 

t aken however a t  this  t ime and this  showed s igni f i can t l y  (P  0 . 0 5 )  

h igher coun t s  o f  sub- s u r f ace v i able  seedl ings ( 1 00%) i n  the  grooves 

of the ch i s e l  coul ter  compared w i t h  6 0 . 6% and 4 2 . 4% sub-su r f ace v iab l e  

s e ed l i ngs wi t h  t h e  ho e and t r ip l e  d i s c  co ul t e rs respec t i ve l y . 

I n  the  s i xth  d r i l l i ng ( t ab l e  3 1 ) , there aga i n  appea r ed to be  no 

s eed germ i na t io n  i n  a ny o f  the cou l ter groov e s , as the s o i l  mo i s ture 

had aga i n  dec reased to a n  av erage o f  6 . 4% . A t  t h e  end o f  the  2nd 

week , a f ew mi l l ime tres  o f  ra in f e l l , and th i s  promo ted some seed 

g e rmina t io n .  Th is inc rease i n  mo i s tur howe ver was no t s u f f i c i ent  to 

main t a i n  s eedl ing vigour  to the emergence phase under the un favourab l e  

amb ien t cond i t ions wh i ch preva i l ed d u r i ng t h i s  t ime ( s ee append ix 1 0d ) . 

S im i l ar l y , dur ing 7 th a nd 8 th d r i l l i ng s  ( ta b l e  3 1 ) , there was s ome 

s eed germ i na t ion b u t  no s eed l i ng eme rgence took p l ace wi th any o f  the 

coul ters . 

A t  t h e  t ime o f  the  9 t h d r i l l ing ( tab l e  3 1 ) , the  f i eld  so i l  mo i s ture  

c o n t e n t  neared to the  a i r  d r y  eq u i l ib r i um of  5%  ( d . b . ) . D u r i ng the  f ir s t  

week a f t e r  d r i l l ing ,  r a i n  f e l l  and b y  the e nd o f  the 2nd week seeds 

had g e rm i n a t ed al though no seed l i ng emergence was ev iden t . The s o i l  

mo i s ture  con t en t  peaked to 2 2 . 3% abo u t  t h i s  t ime wh ich promo t ed 

s eedl i ng emer gence . Th e ch i s e l  coul ter p e r f o rmed s i gni f icantly  ( P  = 0 . 0 5 )  

b e t te r  i n  th i s  respec t w i th 34 . 6 % seedl ing emergence compa red wi t h  the  

t r i p l e  d i s c  c oul ter  ( 2 0 . 5%)  and  the  hoe cou l t e r  ( 2 1 . 1%) . The  average 
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TABLE 3 2  

The  e f f ec t s o f  t ime o n  so i l  mo i s ture % measu r ed a t  0-4 5 mm d ep th 

D r i l l i ng No . S o i l  mo i s ture % ( d . b . )  

1 ,., 2 3 4 

1 28 . 4  23 . 6  34 . 8  2 6 . 0  

2 2 2 . 1 3 2 . 2  3 3 . 1  2 7 . 1  

3 27 . 2  2 3 . 5 29 . 7  25 . 3  

4 2 1 . 8  1 7 . 7  25 . 5  1 9 . 7  

5 1 4 . 7  1 1 . 5  23 . 4  1 3 .  1 

6 7 . 3  5 . 5  9 . 1 6 . 4  

7 9 . 7  7 '  1 1 3 . 5  8 . 4  

8 5 . 2  6 . 6 8 . 5  5 . 9  

9 1 0 . 2  1 4 . 5  2 2 . 3  1 2 . 3  

1 0  1 1 . 7 1 5 . 4  24 . 4  1 3 . 5  

1 1  9 . 7  28 . 1 3 1 . 0  1 8 . 9  

1 2  25 . 2  30 . 2  3 1 . 3  2 7 . 7  

J. 

( l ) Mea n so i l  mo is ture  conten ts  o f  week 1 a f ter  dr i l l i ng 

( 2 )  1 1  1 1  1 1  1 1  1 1  1 1  2 1 1  1 1  

( 3 )  Max imum so i l  mo i s t u re s tored a t  any one t ime w i t h i n  two weeks a f te r  

d r i l l ing 

( 4 )  Av erage soil mo i s tur e con t e n t s  o f  week 1 and week 2 a f t e r  d r i l l i ng 
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s o i l  mo i s ture  content  dur i ng the 2 nd week a f ter d r i l l i ng was 1 4 . 5% .  

Dur i ng the  l O th d r i l l i ng ( Tab l e  3 1 ) , f u r ther  rain f e l l  and s l igh t ly 

h i gh e r  s e ed l i ng emergence resul ted overal l .  Seed l i ng emergence w i th 

b o t h  t h e  hoe and chisel coul ters  ( 5 7 . 1 % and 54 . 1 % ) respec t ive ly was 

s igni f i can t l y  ( P  = 0 . 0 5 )  h igher than w i t h  the  t r i pl e d is c  coul t e r  

( 4 0 . 3%) . 

Dur i ng t h e  1 1 th and 1 2  d r i l l i ngs ( tab l e  3 1 )  th e so i l  mo i s ture 

c o n t en t  had b een increased to  near f i e l d  capac i ty a s  a r e s u l t of  f u r ther  

r ai n .  S eed l i ng emergence w i th a l l  coul ter types  i ncreased a nd there 

a pp eared to  be  no s igni f i c a n t d i f f e r ences be twe e n  t he i r  per f o rmances . 

The over a l l  data  sugges t tha-t a r- l mver so i l  mo is ture l eve l s , the 

t r i p l e  d is c  c o u l ter was mo s t  sens i tive  and l eas t e f fec t ive . The c h i s e l  

c ou l ter  genera l l y  gave h i ghe r  s eed l i ng emergence i n  mo s t  d r i l l i ngs a nd 

i n  1 6 . 6% o f  the dr i l l i ngs gave a s i gni f i ca n t l y  ( P  = 0 . 05 )  h i gher 

s eed l i ng eme rgence p e r formance t han the triple  d i sc cou l ter  and i n  8%  

o f  the  d r i l l i ng s , b e t t e r  than the  hoe coul ter . These f i gures are  

p o s s i b l y  conserva tive as the arb i t rary f i na l samp l i ng data  ( 3  weeks ) 

o n  s everal o c cas ions ( 5 th ,  6 th & 7 th d r i l l i ng s )  preven ted a s i gn i f i can tly  

l arger sub - s u r face seed l i ng surv i va l  count  wi th the ch isel  cou l ter 

compared to t h e  o ther two cou l ters , f rom being r ecorded as counts o f  

s ee d l ing eme rgence . This  d a t a  never the less fur ther con f i rmed the 

s up e r io r i t y  o f  the ch j s e l  co ul ter  grooves c ompared to the t r i p l e  d i sc 

coul ter and to  a lesser e x t e n t  the hoe c oul ter  g rooves , in t erms of t h e i r  

ab i l i ty to p romo te  seed l i ng eme rgenc . 

Measureme n t s  o f  i n- g roove vapour mo i s t u re po tent ial wa s no t 

c a r r ied ou t i n  these experimen t s  as the f i eld  exper imen t s  were conduc t ed 

b e f o r e  the r e s u l ts  o f  exp er imen t 6 ( s ec t ion 5)  b ecame ava i l ab l e . 

I n  a ny case no prac t i ca l  me thod had y e t  been dev i s ed f o r  measuring i n­

g roove re l a t ive humid i ty in the f i e l d . 

I n  prac t ic a l  t e rms i t  i s  appare n t  tha t  whe r e  the s o i l  mo i s ture 

c o n t ent  at  the  t ime of  d r i l l i ng was l ower than approx ima t e l y  1 5 . 0% 

( d . b . ) , the  s eeds  were no t ab le to germ i na te wi t h  a ny o f  the above 

men t ioned cou l ter  types used . In such dry cond i t ions the s e ed s  appeared 

to r ema i n  v i ab l e  unt i l  i r r i ga t ion or rain was ava i l ab l e  to  germina t e  

t hem . I f  r a i n  f o l lowed immed i a t e l y  a f ter t h e  s e e d s  were d r i l l ed i n  

t h e s e  d ry c o nd i ti ons , the seeds germi na ted . Some o f  these seedl ings 
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emerged i f  the  so i l  mo i s t u r e  c o n t e n t  over t he nex t 2 weeks was ma i n t a i ned 

a t  1 5 . 0% or h i gh e r . In such  c i rcums tances , the c h i s e l  co u l t e r  a p p eared 

t o  have p er f o rmed i n  a sup e r ior  ma nne r to e i t her  t he hoe o r  t r i p l e  d i sc 

c o u l t e rs . 

Cor re l a t ions  o f  week 3 seed l i ng emer gence coun t s  f rom t h e  t h r e e  cou l ter  

t y p e s  "1-Tere made w i th the  measured so i l  mo i s ture con t e n t s  at  0 to 4 5  mm 

d e p t h . The co r r e l a t i on coe f f i c i e n t  compar i ng the  Jrd week seed l i ng 

eme rgence d a t a  ( table 3 1 )  and the se cond week s o i l mo i s ture  con ten t 

( tab l e  3 2 )  was r = 0 . 84 .  The corres pond i ng compar i s on be tween week 

3 s e e d l ing eme rgence and the mean o f  weeks 1 & 2 so i l  mo i s ture con tent  

gave  a corr e l a t i o n  coe f f .  r = 0 . 8 2 .  The corre l a t io n  c o e f f .  be tween the 

aver age mo i s t u r e  con tent  d u r i ng the f i r s t  week a f t e r  d r i l l i ng ,  and the 

max i mum seed l i ng emerge nce was  r = 0 .  60 and the  correl a t i o n coef f .  be tween 

the  average mo i s ture ontent d u r i ng the week be f o r e  d r i l l i ng , and max imum 

s e e d l i ng emergence at the  nd o f  the Jrd week y ie l d ed only a weak f i gure 

o f  r = 0 . 4 5 . 

Wh i l e  i t  mus t be acknow l ed ged that  some l i mi ta t io n  was impo s ed on 

the d a t a  because o f  the arb i t rary l i m i t o f  three weeks f o r  max imum 

eme rgence to take p lace , the above resu l t s  sugges t tha t : 

( a ) I f  t h e  only  so i l  mo i s ture d a t a  ava i l ab l e  i s  tha t a t  o r  p r i o r  

t o  d r i l l i ng ,  t h e  p resen t s ta t e  o f  knowledge wou l d  no t p e rm i t  

accur a t e  seed l i ng eme rgence d a L a  t o  b e  p r ed i c ted . 

( b ) I f  so i l  mo is ture d a t a  i s  ava i lab l e  af t e r  d r i l l i ng the  seeds , 

bu t b e f o re seed l i ng emergenc e ,  reasonab l e  p r ed i c t ions  o f  seed­

l i ng emergence can be  mad e g i ven the charac t er i s t i cs of the 

coul t e r  types used . 

The cor r e l a t ion  coef f i c i en t compar ing the Jrd week s eed l i ng emergence 

d a t a  a nd the  2nd week so i l  mo i s ture co n t e n t  appeared to be  t h e  s t ronges t 

( r=O . 8 4) . Howeve r  the same eme rgence d a t a  a l so s howed a moder a t e l y  

s tro ne rela t ionsh i p  ( r = o . ;;  � w i t h the mean so i l  mo i s ture  d a t a  f o r  

weeks 1 & 2 .  The la t te r  da ta  was cons i d e r ed t o  be  of  more p rac t i c a l  

v a l u e  b ecaus e o f  i t s c loseness to the  t im o f  d r i l l i ng . I t  wa s ,  there fo r e , 

c o n s i d ered reasonab le to base p r ed i c t i o n  equat ions , invo l v i ng seed l i ng 

emergence and t h e  soi l mo i s L u r c con t e n t s  o f  weeks 1 and 2 averaged . 
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Ma thema t i c a l  models  o f  whea t s eed l ing emergence wi t h  each o f  the 

coul ter  types as a f un c t ion of s o i l  mo i s t u r e , were cons truc t ed f o r  the 

s o i l  mo i s ture range f rom 1 2% to 30% . Forms of po lynomial  equ a t ions 

were compu t ed wh i ch gave s i gn i f i cant  f i ts in the ob served d a t a  for each 

o f  thr e e  coul ter types . Add i t i o na l  compu t a t ion d e t a i l s  are  g iven 

in  f ig . 1 3 . 

The represen ta t ive equa t i ons are as f o l lows : 

( i ) ch i s e l cou l t e r 

I Y = - 6 . 3 6 6  + 1 . 1 1  x - 0 . 02 1 2 5 x2 

w i t h  a coef f .  o f  d e t e rm i na t ion R 2 
= 0 . 8 5 1  

( i i )  hoe cou l t e r  

� = - 5 . 764  + 0 . 9 94 5 x -0 . 0 1 802 x 2 

w i th a coef f .  o f  d e term i na t ion R2 = 0 . 8 5 1  

( i i i )  t r i p l e  d i s c  co ul ter 

I Y = - 5 . 6 9 1  + 0 . 9 7 1 6  x -0 . 0 1 7 4 7  x
2 

w i th a coef f .  o f  d e t e rmi na t ion R
2 

= 0 . 8 5 7  

Where X =  mean so i l  mo is ture con t e n t  i n  percen t ( d . b . ) , days ] 

t o  1 4  a f ter  d r i l l ing the seed s . 

Y = seed l ing emergence i n  perc e n t  t h r e e  weeks af ter  d r i l l i ng took 

p lace . 

F i g . 1 8  i l l u s t ra tes the e f f ec ts o f  soi l mo i s ture a nd cou l ter  types 

on seed l ing emergence . 

S ta t i s t i cal  ana lysis ( t ab l e  3 3 )  o f  these mod e l s  d emons t r a t e s  the  

s igni f i c an t ly ( P  = 0 . 0 1 )  supe r i o r  pe r f ormanc e  o f  the  chisel  coul ter  

c ompared  to  tha t of  ei ther the  hoe  o r  t r i p l e  d i sc coul t e r s . The re 

appeared to  b e  no s igni f i can t d i f f erence i n  the per formances o f  the 

hoe a nd t r i p l e  d i sc coul ters . Howev e r , th e r e  appeared to  be more 

p ronounced d i f f e r en c es in the per formances o f  three cou l t er types a t  

l ower s o i l  mo i s t ure l eve l s , a nd the mod e l s  appea r ed t o  b e  ide� t ical 

a t  h igher soil  mo i s ture cond i t i ons . 
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F i g . 1 8  Compu t a t ional  d a t a  

S o u r c e  D . F .  R F-value  

( 1 )  Ch i s e l  cou l ter  

n=-6 . 366  + 1 . 1 1 X - 0 . 02 1 2X 2  4 5  0 . 8 5 1  1 3 0>� * 

( 2 )  Hoe cou l t e r  

n= - 5 . 7 64 + o . 9 9 4 5x -O . O I 8ox 2 4 5  0 . 8 5 1  1 2 8 . 1  * *  

( 3 )  T r i p l e d i s c  c o u l t e r  

;y-= - 5 . 6 9 1  + 0 . 9 7 1 6X - O . O l 74 X 2 4 5  0 . 8 5 7  1 34 '� * 
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mo i s t u r e cond i t ions , o n  seed l ing emerge nc e  cou n t s . 



TA B L E  3 3  

E s t ima t ed t - s ta t i s t i c s  f o r  d i f f er e n c e s  amongs t p a i rs  of  b o ' s ,  b 1  ' s  
h 

and b 2 ' s  f rom the  curves o f  s e ed l i ng eme rgence a s  a f f ec t ed by cou l t e r  

type 

b o ' s  
d i f f erences 

b l I S 

d i f ferences  

Ch i s el  c o u l te r Hoe co u l t e r  Tr i p l e d i sc  
cou l t er 

Ch i s e l  cou l t e r  

H o e  coul t e r  

T r i p l e  d i s c  c o u l t e r  

b 2 ' s  d i f f er enc e s  

Ch i s e l  cou l t e r  

H o e  cou l t e r  

T r i p l e  d i s c  cou l ter 

5 . 6 9 �"� 

N S  No t s i gn i f i c a n t  a t  ( P  = 0 . 0 5 )  

* *  S ig n i f i c a n t  a t  ( P  = 0 . 0 1 ) 

3 . 5 7  ;''* 

0 . 39 NS 

0 .  94 NS 

0 . 8 7 s 

l From r e g r e s s ion e q ua t ions for  p r ed i c t ion  o f  s ed l i ng  eme rgence  wi th 

three cou l te r  types . 

1 84 .  
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S o i l  mo i s ture  and amb i e n t  cond i t ions va r i ed cons iderab l y  f rom 

e x t r eme we t to ex t r eme d ry i n  the exp e r imen ts , w i th  a weekly mean day 

a nd n igh t amb i e n t  t emp e r a t u r e  range o f  1 4° C to 20° C and amb i e n t 

r e l a t ive humid i ty range f rom 66% to 88% resp e c t iv e l y  (see a p p e nd i x  l Oa ) . 

The extent tha t the amb i e n t  tempera ture  a f f ec t ed the  seed l i ng emergence 

per se was no t eval u a t ed . I t  was no t p o s s i b l e  to co rrel a te d i r e c t l y  

t h e  amb i e n t  t emp era t u r e  d a t a  wi th t h e  s e ed l i ng emergence d a t a  b ecause 

o f  the comp l ex i ty of the i n d i rec t e f f e c t s  of tempera ture wh i c h  var i ed 

a l so w i th s o i l  mo i s ture  cha nges ( ap p e nd ix l Oa ) . For examp l e  the 

t emperature  da ta sugges t tha t  when the t empera t u r e  i nc reased f rom l 4° C 

t o  20°C over a period  o f  1 0  weeks , t h e  co rrespond i ng seed l i ng eme rgenc e 

was r educed f rom approx ima t e ly 70% to 0% . C l early  s uch s imp l e  compa r isons 

a r e  mean i ng l e s s  i n  b io l o g i c a l  t e rms a nd i ns u f f i c i en t  data was col l ec t ed 

to a t temp t to  compare the i n t era c t i o ns o f  o ther f a c tors . Temp era tures  

were , howev e r , wi t h i n  the  op t ima l range for  wh ea t at  all  t imes . 

( b )  E f f e c t s  o f  i n s e c t s  and o t h e r  pes ts o n  seedling emergence 

I t  was obse rved tha t some of  the  emerged s e ed l i ngs were b e ing 

a f f e c ted by i n se c ts and / o r  o t her pes ts . I n  the earl ier s tages o f  

exp e r imen t  ( 7 )  s na i l  and s l ug a t tacks o n  the emerged seed l i ngs we re 

apparen t  and c o n s id erab l e  d amage was v i s i b l e . S lug pel l e t s ( 3% 

m e taldehide  t r ea ted ) were used a t  a r a t e  o f  approxima tely  l OO kg/ ha 

i n  a l l  subsequent  exper imen ts . The s lu g  p el l e t s  appeared to b e  e f f e c t i ve 

a ga i ns t the mo l lusces , except whe n  i t  r a i ned , b u t  shoo t d amage pers i s ted . 

" Th ima t "  ( 20% p hora t e )  was also b roadcas t over the seed rows 2 days 

b e f o re s ee d l i ng emergence was expec t ed but th i s  a l so wa s no t e f f e c t i ve 

i n  r educ i ng s hoo t damage . 

I n  the s i x th d r i l l i ng ,  a bran b a s ed d i a z i non ba i t  was used , and 

this  appeared to  be e f f e c t i ve in con t r o l l i ng the u n iden t i f i e d  insec t s . 

A l l  subseq u e n t  sow i ngs u t i l i zed b r a n  based d ia z i non as a s ta ndard 

i nsec t i c i d e  t r ea tmen t .  

I n  the f i r s t  5 d r i l l i ngs an a s s e s smen t  wa s made o f  the p ercen tage 

s eedl i ng emergence d ama ge at  the end of  week 3 in order to adj us t the 

f i nal seed l i ng emergence d a ta . Tab l e  34 shows the e f f e c ts i nsec ts  

had had on s e ed l i ng eme rge nce i n  t h e s e  d r i l l i ngs . Damage a p peared to  

b e  greates t w i t h  the h o e  and ch i s e l  co u l t e r  g rooves compared  wi th the  

t r i p l e  disc  coul te r  grooves . A numb e r  o f  c r i ck e t s  wer e  f o u nd i n  the 



TABLE 34 

The e f f ec t  of i nsec t s  and pes ts on �1e seed l i ng eme rgence p ercen tage i n  

three  cou l t er types  

Dr i l l i ng No 

Hea n 

1 

2 

3 

4 

Mean P e r c e n t age Shoo t Damage 

Cou l t e r  type8 

Ch i s e l  H o e  T r ip l e Di s c  

1 7 

2 2  

1 5 

1 8  a 

1 7  

1 9  

1 5  

1 7  a 

1 0  

1 5  

8 

1 1  b 
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Unl ike  l e t t e r s  amongs t the  means show s i g ni f i c a n t  d i f fer ences a t  (P  0 .  O S )  

g rooves o f  t h e  chisel  a nd hoe co u l t e r s , \vh i l e no ne \-'e r e  found i n  the  

grooves o f  t h e  t r i p l e  d i s c coul ter . Appa r e n t l y , i n  f r iab l e  and mo r e  

mo i s t so i l s ,  t h e  r e l a t i v e l y  l oose  and even ho l l O\v sub- s u r f a c e  o f  the 

c h i s e l  cou l t e r  ( a nd to a l e s s e r  e x t e n t , t h e  hoe co u l t e r  groove s ) prov ided 

i d e a l  cove r  for th e i n sec ts  d u r i n g  t h e  d a y . T h i s  prob l em had been 

t d 1 .  · ]) v B a k " r ( 6 7 ) . r epor e ea r 1 e r ,  1 n  pa r t  � 

( c ) E f f ec ts  o f  h e r b i c i d e s  on s ed l i ng eme rgence 

Dur ing exp e r imen t ( 7 )  there a p p ea r ed to be a larger numb er o f  emerged 

seedl ings i n  the uns prayed head l a nd s , compa red to the c o r r e s po nd i ng cou n t s  

in  the s p ra y ed t rea tme n t  p l o t s ( P l a t e  1 5a & l Sb ) . Th ese unexpec ted 

obs erva t ions w e re mad e o n l y  a t  the l a t e r  s tages i n  the f i e l d  exper imen ts , 

and so were no t taken i n to acco u n t  in  the seed l i ng eme rgence mode l s  

p resented  earl ier . 

A f u r ther  experime n t  was cond u c ted in  a n  a t t emp t to q u a n t i fy the 

e f f e c ts of  the herb i c i d es used , o n  the  seed l i ng emergenc d a ta . Th i s  

exper imen t i s  p resented i n  sec t i o n  ( 6 . 2 ) . 



Plate 1 5 .  Typical wheat seedl ing emergence pat tern in; 

(a )  Plo ts where paraqua t + d icamba were used as 
predrill ing herb icides 

(b) Headlands where no spray was used ( note more  
vigorous seedl ing emergence) . 
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6 . 2  EXPERIMENT 8 :  AS S ESSMENT OF THE EFFECTS OF PRE-DRILLING HER B I C IDES 

USED FOR TH E ESTAB L ISHMENT OF WHEAT S EEDL INGS 

6 . 2 . 1  I n t roduc t ion 

The h e r h i c ides used to ki l l  the residen t vege ta t ion i n  a l l  o f  the  

e xp e r imen ts were paraqua t and d i camba . The mix tures used  were s imi l a r  

t o  those u s e d  ear l i er by Baker ( 6 7 )  and Mai ( 56 ) . The app l ica tion r a tes  

were 5 . 6  1 / ha of  p a raq ua t and 1 . 4 1 / ha o f  d i c amba i n  a s ing l e  b lank e t  

spray . I n  the l a t te r  s tages o f  the expe r iment 7 i t  was observ ed 

tha t grea ter  s eed l i ng eme rgence had occurred i n  the unsprayed h ead l ands 

through wh i c h  the  d r i l l had passed , than in  the s prayed p lo ts ( P la tes 

1 5 a ,  b ) . Th ese obs erva ti ons sugges ted tha t some e f f e c ts ( d ir e c t or 

ind i rec t )  may have a r i s e n  from the use  of the herbicides . 

Ea r l i e r  evaluat ion o f  paraqua t as a con tac t grass k i l l er i n  comb­

i na t ion s p ray-and- reseedi ng programmes f rom pas ture , i nd i c a ted tha t 

i t  was de-ac t iva ted ra p id l y  in  soi l b u t  had f a s t con tac t a c tion on 
( 9 1  9 2  9 3 )  ( 9 4 )  

h e rb a ge ' ' . 0 ' Too l e  f ound , howeve r ,  tha t o n  sur f ace 

peats , ( 7 9% mo is ture c o n t e n t  and ap pro xima te l y  2 . 5 % ash w i th na tura l 

v e g e ta t ion p r ev ious ly rotavated ) , paraqua t app l i e d  a t  1 . 1 2  kg/ha had 

p revented the es tab l i shmen t of p er en n i a l  ry egras s . He sugges ted tha t 

p a r aquat app l i c a tion p r io r  to sowing o r  as a p r e- emergence h erb icide  

m i g h t  no t b e  advisab l e  especial l y  o n  sur f ac e  pea ts . Ap p l eby and 
(9 5 )  B r e nch ley observ ed tha t  germina t ion o f  g rass s e ed l y i ng on t h e  so i l  

s ur f ac e ,  p r ev ious ly exposed to paraqua t s p ray s , could b e  marked l y  

r ed uced . I n  the i r  exp e r iments the a f f e c ted seed l i ngs d i ed a f ter  

green s hoo t s  had emer ge d  w i th paraquat  app l ic a t ion ra tes a s  low as  

0 . 28 kg/ha . They found h i gher s eedl ing emergence when the s eeds 

were covered w i th 2 . 5  cm o f  so i l . They sugges ted tha t grass  seeds 

in the early  s tages of  germ i na t ion migh t a l so ab s o rb tox i c  l ev e l s  o f  
( 9 6 )  p araqua t f rom s u r ro un d ing p l a n t  ma teria l . Hood e t  a l .  pos tu l a te d  

tha t i n  the i r  exp e r imen ts p o o r  es tab l i s hmen t o f  bar ley a nd whea t migh t 

have been due to d amage f rom residual paraqua t o n  the dead h erbage . 

Lynch e t  a l . < 9 7 )  obs e rv ed tha t the presence o f  s traw o n  the s o i l  

s ur f ac e  cou l d  i ncrease t h e  l ikel ihood o f  inj u ry t o  germina t i ng seeds 

and s eed l ings in the early s tages of developmen t by tox i c  subs tances 

r e l eased f rom d ecompos i ng s traw . They repo r t ed tha t th is  was par t i c­

u l a r l y  evid e n t  wh en the seed was d r i l l ed w i th the t r i p l e  d i s c  cou l te r  



as the s tr aw was pushed i n to the s l i t  so t ha t i t  was c l o s e  to the 

s e e d . 
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The r e  does no t appear  to b e  much pub l i shed d a ta abou t  the e f f ec t s  

o f  the herb i c id e  d i c amba a lone , bu t abundan t da ta ex is t wher e  d i camba 

has been u s ed w i th o th e r  h erb i c i des . 

The p r e s e n t evidence concerning possib l e  tox ic ef f e c ts  o f  paraqua t 

and di camba on s eed germi nat ion and s e ed l i n g  emergence d o es no t appear 

t o  be  c l ear . I t  was , t h e r e fore , f e l t to b e  impor tant to inves t i ga t e  

these e f f e c t s  i n  the pa r t i c ular  cond i t ions o f  these f i eld  exper imen t s . 

6 . 2 . 2  Exper imen tal  obj ec t ives  

The a im of  this  exper iment was  to d e t e rm i ne the  e f f e c t s of  paraquat  

b y  i tsel f , o r  i n  comb i n a t i o n  wi th d i c amba , on  f i e l d  s eed l i ng eme rgence 

of d i rec t d r i l l ed whea t .  App l i ca t io n  r a tes and times of a p p l i c a t i on 

were cons i d e r e d  l i k e l y  to be  impo r ta n t  cri t e r i a  in this regar d . 

Th r e e  d i r e c t  d r i l l i ng coul ters and covering me thod s were t es ted . Th ese 

w e r e  the t r i p l e  disc  coul t e r , the  h o e  coul t e r , and chisel  coul ter ; 

each  fol lowed b y  the b a r  harrow . 

6 . 2 . 3  Expe rime n t a l  Des i gn ( Experime n t  8 )  

An expe r imen ta l s i t e \vas chosen on a "Tokomaru s i l t  loam" s o i l  

suppor t ing a p e rman e n t  pas t ure o f  a p p roxima t e l y  5 0  mm heigh t . The 

f o l l owing t re a tmen ts  were tes ted : 

1 Paraqua t sp rayed 4 day s p r i o r  to d r i l l ing 

2 .  Paraqua t + d i camba sprayed 4 days p r io r  t o  d r i l l i ng 

3 .  Paraq ua t s p r ayed 4 hours p r i o r to d r i l l ing 

4 .  Pa raq u a t  + d i camb a sp rayed 4 hours p r i o r  t o  dr i l l i ng 

5 .  No s p ray . 

Paraqua t and d i camba a p p l i ca t ion r a tes were 5 . 6  1 / ha and 2 1 / ha 

r es p e c t iv e l y  and were ap p l i ed wi th wa t e r  a t  approxima t ely 300 1 / ha . 

D i camb a was u s ed a t  a s l i gh t ly higher ra te than tha t in  the p rev ious 

experimen ts  to d e t e rmi ne the  l i kely a f fe c t i f  the herb icide  had 

b een app l ied a t  a h i gher r a t e  i n  erro r . 
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The exp e r imen tal d es ign was a s p l i t-p lo t r andomi sed b l o c k  wi th 

4 r ep l i ca t e s  and the p l o t  s i ze was 4 m x 4 m .  Th e p l o t s  were d r i l l ed 

w i th thr e e  rows o f  each coul ter  type i n  an iden tical  manner to the 

f i e ld exp e r imen t prev iously  described . A programme pack "XALEMA/ 
I I 

TEDDYBEAR" w i t h i n  Cande was used to compu te the d a ta ( see appendix 1 1 c ) . 

D r i l l ing took p l ace when so i l  mo is ture con tents  were a t  app roxima tely  

f i e l d  capac i ty . The  week l y  mean amb i e n t  rela tive  humidi ty and  daily  

ave rage tempe r a ture was 85%  and 1 1 . 5 °C r espec t i v e l y  ( s ee append i x  l Od ) . 

S e ed l ing Emergence Coun ts and Herbage Dry Ma t te r  Yi e l d  

The f i rs t  seedling  emergence coun t was taken one week a f ter 

d r i l l ing , f o l l owed by weekly coun ts un ti l the to ta l  number  of eme rged 

s e ed l ings had s tab i l i s ed . Seed l i ng emergence c ounts were taken randomly 

f r om 2 me t r e  l eng ths o f  e ach row . At the end o f  the l O th week , the 

d r y  ma t ter y i e l d  of  th e c rop was measured . S p ec i f i ca tions and raw 

d a ta o f  th i s  exp e r imen t are  given i n  append i x  1 1  a & b ) . 

6 . 2 . 4 Resu l ts and d i scuss ion 

Tab l e  35 shows the e f f e c t s  o f  the typ e  a nd time of  ap p l ica t io n  

o f  herb i c i d es a n d  co ul ter  typ es on s ee d l ing emergence p e r c e n tages . I t  

a p p ears tha t there were s igni f i c a n t  ov eral l d i f f e renc es i n  s e ed l in g  

emergence b e tween the comb i na t ion t r ea tmen ts o f  ty pes o f  herbic ides 

and times o f  app l i ca t i on . S ee d l i ng emergence coun ts were reduced 

s i gn i f i ca n t ly (P  = 0 . 0 1 )  to 6 3 . 9 % when paraq ua t + di camba was app l ied 

4 days b e f o r e  so�i ng , compared to a coun t o f  7 5 . 2% when paraq ua t 

a l one was a p p l i ed a t  the  same t ime . There was however no s i gni f i c a n t  

e f f e c t  on s e ed l i ng emer gence when p araqua t + d i camba w a s  a p p l ied 4 

hours b e f o re d r i l l i ng t oo k  p l ace compared wi th paraquat  a lo n e  a t  the 

s ame t ime . There were no s igni f i c a n t  e f f e c ts which could b e  a t t rib­

u t ab l e  to t h e  t ime of  a p p l ication of  paraq u a t  a lo ne . 

When no spray was used , a low seed l i n g  eme rgence cou n t  o f  64 . 8% 

was recorded a nd this  was sign i f i c a n t l y  ( P  = 0 . 05 )  l ower than when 

p araqua t a lo n e  was app l ie d , but was no t s i gni f icantly  d i f f e r e n t  to 

when d i c amba was added to th e sp ray . Reduc t ion in seed l i ng emergence 

counts , wh en no spray was app l i ed , was  p robab l y  l inked w i th comp e t i tion 

f o r  wa ter  and nu t r i en t s , but d i d  no t conf i rm the apparen tly  be t te r  

e s tab l ishme n t  i n  the h ead l ands i n  exp e r imen t 7 .  
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TABLE 3 5  

T h e  ef f ec ts o f  typ e and t h e  t i me o f  app l ica tion o f  pre-d r i l l ing herb i c ides 

and cou l t e r  types on seed l i ng emergence of  the d i r ec t  d r i l l ed whea t . 

Trea tmen t fac tor  P er c e n t  s eed l i ng emergence 

S pr ay type and t ime o f  a p p l ication 

1 .  Paraq ua t ap p l ic a t ion 4 days 

be fore d r i l l i ng 

2 .  Paraq ua t + di camba ap p l ica t i o n 

4 days b e fore d r i l l i ng 

3 .  Paraqua t appl ied 4 hours 

before  d r i l l i ng 

4 .  Paraquat + di c amb a ap p l i ed 4 lu urs  

b e fore d r i l l ing 

5 .  No spray , grass grazed to approx . 

50 mm he igh t 

Coul t er typ e s  

Ch i s e l  

Hoe 

Tripl e  d i s c  

S p r ay type and time o f  ap p l i ca t ion x c o u l ter type 

i n terac tion 

Unl i k e  le t ters  s how s ig n i f icant  d i f f e r ences , 

cap i t al s  ( P = 0 . 0 1 )  and smal l l e t ters ( P = 0 . 0 5 ) . 

7 5 . 2  Aa 

6 3 . 9  Bb 

7 4 . 3  ABa 

7 0 . 9  ABab 

64 . 8  ABb 

7 3 . 0  a 

7 0 . 5  ab 

65 . 9  b 

NS 
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Tab l e  3 5  a l so shows the e f f e c t s  a c ro s s  s p r ay app l i c a t ions 

of the three coul ter types on seed l i ng emergenc e .  There appeared to 

be s igni f ic a n t l y  (P  = 0 . 05 )  a lower  seed l ing emergence coun t 
, 

o f  6 5 . 9% when the t r i p l e  d i s c  cou l te r  was us ed than when t h e  c h i s e l  

coul ter w a s  u s e d  ( 7 3 . 0% ) . The seedl ing emergence coun t o f  7 0 . 5% , 

when the hoe coul ter \vas used , was i n t e rmed i a t e  be tween , and no t 

s ignif ican t l y  d i f ferent  from ei ther th e chisel  o r  triple  d i s c  coul ters . 

Th i s  conf i rms earl ier  d a ta repo r ted herein and may also con f i rm the 

r es u l ts of Lynch e t  a l . ( 9 7 )  

The i n t e ra c tions b e tween coul ter  t ypes and comb ina tions o f  

h erb i c ide and t ime o f  ap pl i c a t ion appeared to b e  ins igni f i c an t . 

Tab le 3 6  shows the e f f e c ts o f  h e r b i c id es on the d ry ma t te r  y ield  

o f  the whea t crop a t  d ay 70 . The  h e rbage d ry ma t ter was highes t 

( 0 . 30 7  gm/ pe r  p l ant) , when paraqua t was app l i ed a lone 4 days 

b e fo re d r i l l i ng and this was signi f i cantly (P  = 0 . 05 )  higher than 

when e i ther p ar aqua t + d i camba was u s ed 4 days b e fore d r i l l ing ( 0 . 1 3 3 gm I 
per  p lant)  o r  no spray was a pp l i ed ( 0 . 1 6 6 gm/ p e r  p lan t )  which thems e lves 

were no t s i g n i f icantly d i f f e r en t . The r e  were no s ign i f ican t d i f f erences 

in t h e  herbage d ry ma t te r  y i elds when paraq u a t  a lone was ap p l i ed 4 

hours before  d r i l l ing ( 0 . 2 6 3  gm / p e r  p l a n t )  and when paraq ua t + d i c amba 

wa s u s ed a t  the s ame t ime ( 0 . 234 gm/ p e r  p lan t ) . 

Tab le  36 a l s o  shows the dry ma t te r  y i e l d / lOO seeds sown . This  

gene rally  r e f l e c ted the  s eed l ing eme rgenc e coun t s , ind i c a ting tha t no 

s i gni f icant i n terac tion b e tween plant  v i gour and popula t ion h a d  

o cc u rred . 

From th e d a ta o f  herbage d ry ma t t er y ie l d  and seed l ing eme rgence 

coun t s  it migh t b e  conc luded that when d i camba was added to the sp ray 

mix , this had a d e t rimen t a l  e f f e c t  on p lant  es tab l i shmen t ,  b u t  only 

when i t  was app l ied 4 days b e f ore d r i l l ing . 
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TABLE 3 6  

The e f f ec t s  o f  types o f  p r e-dr i l l ing herb i c ides and the i r  t ime o f  

app l ica tion o n  the d ry ma t ter y i e l d  o f  wh ea t s e e d l ings ( 1 0 week o l d ) 

Tre a tmen t s  

1 .  Paraqua t ap p l i c a t ion 4 days b e fo r e  

d r i l l i ng 

2 ,  Paraqua t + d icamba � d ays b e fo r e  

dri l l ing 

3 .  Paraquat o nly s pray ed 4 hour s  b e f o r e  

d r i l l ing 

4 .  Paraqua t + d i camb a s p r ayed 4 hours 

b efore d r i l l ing 

5 .  No spray ( grass gra zed to approx . 

50 mm h e i gh t ) 

Herb age Dry Ma t ter  Y i eld  

£; 8  p er p lant  

0 . 30 7  a -

0 . 1 3 3 b 

0 . 2 6 3  a -

0 . 2 34 ab 

0 . 1 6 6 b 

gm/ 2m row l eng th 
( o r  1 00 seeds sown) 

2 3 . 1  a 
-

8 . 5  b 

1 9 . 6  a -

1 6 . 6  a 

1 0 . 8  b 

Unl ike l e t ters  in  a column show s igni f i cant d i f f er ences a t  ( P 0 . 05 )  
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CHAPTER 7 

S�fl1ARY AND DISCU S S ION 

The unders t and i ng of s o il phy s ical f ac t ors and th eir  i n ter­

r e l at ionships w i th s e ed germ ina t io n  a nd s eedl ing emergenc e was r egard ed 

as b e i ng f undamen tal to the func t ional design  o f  s eed d r i l l  coul t ers . 

Th i s  proj ec t was ini t i a t ed aga ins t a backgro und o f  l im i t ed publ ished 

da t a  abou t the  ef f ec t s of d i f f erent  d i r ec t d r il l i ng coul t er d e s igns on 

the  seed-so i l  i n t e r f a c e  m i c ro-env i ro nment and the int erac t ions o f  the  

l a t ter wi th s e ed germina t io n  and  s e ed l ing emergen c e .  

The ob i e c t ive o f  the  s t udy wa s t o  id en t i fy and inve s t iga t e  t h e  

sal i en t  so i l  physica l pa rame t e rs wh ich  migh t have b e e n  al t e r ed b y  t h e  

ac t ions o f  d i f f er ent d e s igns o f  d i r ec t d r il l ing coul ters and covering 

me thod s ; and in turn t h e  e f f ec t s  t ha t  t h ese migh t  hav e had on the 

emergence of wh e a t  seed l ings . To t h e  ex t en t  that these fac tors could 

be inf luenced by mec hanical designs , such i nf orma t ion was f e l t  to b e  

a va luab l e  pr e- requ is i t e  f o r  p l a n t e r  d es ig n .  

Th e r es earch wo rk was conduc ted i n  thr ee main sec t io ns : 

( a) Labo ra t o ry t i l l ag e  b i n  s tu d ies  o f  seed l i ng emergenc e . 

( b )  Labora tory b in s tud ies o f  the s eed-so i l  i n terface  m i c ro -env ironmen t 

i n  d irec t dr illed groov es . 

( c )  Field exper ime n t s  compar ing c ou l t e r  performa nce under a range o f  

c l ima t ic and so il cond i t ions . 

( a) Labo r a t o ry t illage b in s tudy o f  s eed ling emergence ( expe r iments l a ,  

l b , 2a & 2b )  

The common obj ec t iv e  o f  t h e  f o u r  t i llage b in s tud ies  was t o  

i nves t iga t e  t h e  interac t ions o f  i n i t ial  s o i l  mo is t ure conten t ,  seed­

s o i l  contac t ( a s  a func t ion o f  pr essure  appl i ed over the cover ed or 

uncover ed s e ed s ) , and two soil  d r y i ng r eg imes i n  contro l l ed c l ima t i c  

c o nd i t ions w i th three d i rec t d r i l l ing coul ters , i n  t erms o f  s e edl ing 

emergenc e and s e ed f at e .  

I n  suppo r t  o f  th i s  s t udy a numb er o f  measuring d ev i c es and 

t echniques were d eveloped and u t i l i z ed for the ins t rumen ta t ion in 

the s e  exp e r ime n ts . I n i t ially , s t ud ies were conduc ted to examine 



app r opr iate m e thods o f  meas ur ing the i n-groove l iquid s o i l  mo i s t u r e  

c o n t ent i n  t h e  so i l  b locks . Psychrome ters , r e s is tanc e b locks and 

i nd i rec t thermograv ime t r i c  methods were  found to be inappro p r iate  

for  this par t ic u l ar s tudy . A d ir e c t th ermograv ime tr ic me thod was 

f ou nd to be  the mo s t  accura t e  and rel iab l e  t echnique to measur e s o i l  

l iq u id mo i s t u r e  near to t h e  surf ace . 
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A numb e r  o f  presswh e e l s  and d ev ic es were d evelo ped and f ab r ica ted 

for  pres sur e app l ic a t ion t r eatments on and above the sown s eed s . 

A " mechanic a l  seed l i ng "  pene trome ter was also d e s i gned to s imu l a te 

w h e a t  seedl ing emergenc e by  pene t r a t ion f rom b enea th the s o i l  

s u r f ac e .  Th i s  d ev i c e  was u s ed t o  meas u r e  s o i l  imp edence over the 

s ee d s  in an e f f o r t  to ident i fy any e f f ec ts of  so i l  compa c t io n  o r  so i l  

d e ns i ty o n  s e e d l ing emergence per fo rmanc e .  Al l the exp e r iments  were 

c a r r i ed out i n  a cont rol l ed c l ima t i c l abor a tory under two r e g imes o f  

amb i ent cond i t ions (warm d ry , and warm mo i s t )  i n  an end eavou r  to tes t 

t h e  e f f ec t s  o f  such cond i t ions on s o i l  phys i c a l  charac ter is t i c s  

toge ther w i t h  any i n terac t i ons w i t h  coul ter d e s ign . 

The resul t s  sugges ted that in  ini tially  we t soils , two o f  the 

t h r e e  coul ter ty�es tes ted ( v i z ,  c h i s e l  cou l t er , hoe coul t e r )  p e r f o rmed 

e q ua l ly in  terms o f  promo t ing s eedl ing emergence of wh ea t . The 

th i rd cou l ter v i z .  tr i p l e d i sc coul ter , promo t ed s igni f i can t l y  

l o w e r  seedl ing emerg enc e compared t o  t h e  c h i s e l  and hoe cou l t e r s . 

The contrast i ng amb ient comd i t ions , d ry o r  hum id , d id no t s ig n i f ican t l y  

a f f e c t t h e  measured s o i l  phys ical charac ter is t ics , nor s eed l i ng 

emerg enc e .  S im il arly  appl i ed pressures , whe ther over the cove r ed 

g rooves o r  d ir e c t l y  over the uncov ered s e ed s , d id no t s i gni f icantly  

mod i f y  the  per f o rmanc e o f  any of  the  three coul ter  types und e r  w e t  

s o i l  cond it ions . 

S igni f icant d i f f er enc e s  in coul t e r  per f o rmance were appar en t ,  

however in i n i t i a l l y  d ry s o i l s . The p e r f o rmanc e o f  the exp e r imental 

c h i s e l  cou l ter  was s igni f icantly ( P  = 0 . 0 1 )  sup er ior to both  the hoe 

and t r iple  d is c  coul ters . The hoe co u l ter  in turn was s igni f i cant l y  

( P  = 0 . 0 1 )  super ior to the t r i p l e  d i sc cou l ter . Pressures appl i ed 

ove r  the top o f  the covered g rooves made no s ig n i f icant  d i f f e r ences to 

s e e d l ing emergence per formance compared t o  the corres pond ing t r eatmen t s  

w i t ho u t pressur e s . S i gni f icant inc r ea ses in s eedl ing eme rgenc e ,  

however , were m easured bo th w i th t he ho e coul ter ( P  = 0 . 0 1 )  and 
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tr i p l e  d is c  coul ter ( P  = 0 . 05 )  when the s eeds were  d i r ec tly  p r e s s ed 

i n t o  the groov e  base  a t  3 5  kPa b e f o r e  cover i ng compar ed w i th when no 

p r e s sures were appl ied . S eed l i ng emergence counts fur ther increased 

w i th these two coul ters when pressur e s  were appl i ed a t  7 0  kPa . 

No s u ch i nc r ea s e s  i n  seedl i ng eme rgence wer e no t i c ed w i th th e c h i s e l  

cou l ter wh en s eeds w e r e  p r e s s ed , mai nl y  b ecause s e ed l i ng emergenc e  

h ad b een h i gh w i thout p r e ssur e w i th this  coul t e r . 

The change in amb ient  r e l a t ive humid i t y  cond i tio ns genera l l y  

r es u l ted i n  c o r r e s pond ing c hanges i n  seedl i ng emergence exc ep t  w i th the 

t r i p l e  d is c  cou l t er . When the hoe coul ter was used and s eeds were  

d ir e c tly  pressed a t  3 5  kPa  in dry  so i l , seed l i ng emergence coun ts 

wer e s igni f i ca n t l y  (P  = 0 . 0 5)  higher ( 6 6%)  i n  the high rela t iv e  humid i ty 

r eg ime compar ed t o  40% a t  the l owe r r e l a t ive hum id i ty l evel . The 

c o r r e spond i ng f igures a t  70 kPa were 7 9 . 9 % and 44% respec tively  and 

w e r e  a l so s igni f icant at th e 5% l eve l o f  probab i l i ty .  S im i l a r l y  when 

the chi sel cou l ter was used , seed l i ng emergenc e i ncreased s i gn i f icantly  

( P = 0 . 05)  f rom 4 7 . 7 % in  the  low r . h .  r egime to  6 7 . 3% i n  the  h igh r . h .  

r eg ime . Wh en the seeds were pr essed a f ter bar harrowing i n  the chi s e l  

and h o e  cou l t e r  grooves , t h e r e  were s i gnif icant inc reases ( P  = 0 . 0 5 )  

i n  s e ed l i ng eme rg enc e in  t h e  high r . h .  regime compa red to tho s e  i n  

t h e  l ow r . h .  r eg ime . However i n  t he t r ip l e  d i s c  grooves t h e  change i n  

amb i ent  r e l a t iv e humid i t y  mad e no s i gn i f icant  d i f f er ence to  s eedl i ng 

eme rg enc e p e r f o rmanc e .  

The lower s eed l i ng emergenc e counts w i th the hoe coul ter  app ear ed 

to b e  r e f l e c t ed i n  sign i f i can t l y  higher numb er o f  ung e rmina ted seeds 

i n  dry so i l s . Wi th the t r i p l e d isc cou l ter , i n  contras t to the ho e 

coul t e r , the l ower seed l ing emerg enc e counts a p p ea r ed t o  r e f l ec t  

s ig n i f ican t l y  h i gher perc entage o f  " g e rmina ted bu t unemerged " 

s e e d s  in s im i l a r  mo is tur e cond i t ions . 

Comb ined r esul ts ( s e e  sec tion 2 . 5 ) sugges ted tha t the t r i p l e  d i s c  

coul t er inver s e l y  and s ignif i c antly ( P  = 0 . 0 1 )  a f f ec t ed t h e  number o f  

unemerged s e ed l i ngs as p e rcen tage o f  germina ted s eeds when the ini t ia l  

s o i l  mo is tur e  l evel i ncreased f r om l o w  to adequa t e . The c h i s e l  coul t er 

app eared to b e  ins ens i t ive in this r e s pec t ,  whi l e  the ho e coul ter  had 

i n te rmed i a te sens i t iv i ty . Comb i ned r e su l ts al so sugges t tha t  the 

numb e r  of uneme rged seed l ings as a percen tage of germina t ed seeds 

s ig n i f icantly ( P  = 0 . 0 5 )  r educed with the hoe  coul ter , when p r essure 



was appl ied d i r e c t l y  over uncover ed s eeds compared to tha t when 

p r e s sures wer e  app l ied over cover ed s eeds . No such d i f f erences 

a pp eared due t o  the  po s i t io ns o f  app l i ed pr essur e s , when e i th e r  the 

c h i se l  or  t r i p l e d i s c  cou l ters  were u s ed . 
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G eneral l y ,  i n  t h e  h o e  coul ter  grooves i n  dry  soils , the l iq u id 

mois ture loss  was s igni f icantly h igher than f r om the c h i s e l  and 

t r ip l e  d i sc c o u l ters . Th e in-groove l i q u id s o i l  mo is ture d ry ing 

c u rve s , no t unexpec ted l y  showed h igher d r y i ng r a t es in th e l ower  

r e l a t ive humid i ty reg ime comp ared to t ho s e  i n  the higher r . h .  r e g ime 

f o r  all cou l t e r s  i n  d ry s o i l s . 

The "mechanical seedl ing" pene t r om e t er s tudies ind ica ted tha t 

s o i l  impedence over the t op o f  the  sown seeds inc r eased s igni f icantly 

(P  = 0 . 0 5)  whe n  t h e  pressure  over the covered grooves was increased 

f rom 0 kPa to 3 5  kPa i n  a l l  coul t er types . Imp ed enc e was signi f i cantly  

( P  = 0 . 05 )  higher wh en t h e  hoe  coul ter  was  used compar ed wi th the chisel  

c ou l t er and the  t r ipl e d i sc coul ter . C l ima t i c  changes i n  these  

e xp e r imen ts had no  sign i f i c an t ef fec ts on the  soil  impedenc e .  S o i l  

imp ed enc e mea s u r eme nts  however appeared to  be  w i thin a n  abso l u t e  rang e 

wh i c h  could be expec t ed to have l i t t l e  e f fec t o n  true seed l i ng emerg enc e .  

Clearly the e f fec ts tha t the contras t i ng coul t er des igns h ad had 

on whea t seedl i ng emergence could no t be exp l ai ned in f u l l  by l iq u id 

s o i l  mo is ture l evel s i n  the  g rooves . Accord i ng l y  fur ther exp e r iments 

sough t to examine the ro l e  of vapour s o i l  mo i s ture in th i s  r es p ec t .  

Thr e e  general hypo theses were pu t f o rward f o r  examina t ion . 

( i ) "Ho i s tu r e  Po tentia l  Cap t iv i ty "  

The hypo t h e s i s  o f  " mo i s ture po t en t i a l  cap tivi ty" sugges ted tha t 

thos e  d i r ec t  d r i l l ed grooves , wh i ch were abl e  to mai ntain  a high 

mo is ture po tential in the vapou r  f o rm were capab l e  of  p romo t ing 

a h igh p e r c entage o f  survival o f  germina t ed seed l ings und e r  d ry 

s o i l  cond i t ions . Thi s  appeared to be  a charac ter i s t i c  d i s p l ayed 

by the c h i s e l  cou l ter groove . 

( i i ) "Ho i s tu r e  Po t en t i al D i f f us ion" 

The hypo thesis  o f  "mo i s ture po t e n t i al d i f f u s ion" rela ted to  the 

t rans f e r ence of mo i s ture through or f rom the so i l  inte r fa c e  to 

the seed i n t e r f ac e . When seed s were d ir ec tl y  pressed i n to the 

base of the grooves b e fore cover i ng with the hoe coul t e r  ( and to 



a lesser  extent  wi t h  the triple  d i s c  cou l ter), incr eased s eed l ing 

emergence occurred . 

( i i i ) Th e  creation  o r  trans f e r  o f  a thin d r y  so i l  l ayer to the expo sed 

i nner sur f ac e s  of the grooves was par t ially  r espons ibl e f o r  

r educed "mo i s ture po ten t i a l  d i f f u s ion" . This was cons i d e r ed to 

1 9 8 . 

b e  a po s s i b l e  cause o f  the d es i c c a tion o f  some germina ted seeds 

through a mo i s ture d es o r p tion process away f rom the seed i n t er f ac e . 

This phenomena appeared to be mo s t  pronounced in the t r i p l e  d is c  

coul ter groove s , because o f  d r y  so i l  carr i ed down f rom t h e  s u r f a c e  

b y  the d is c s . 

Exper imen t s  were d e s igned to examine the va l id i ty o f  these 

hypo t heses . 

( b )  Laborato ry b i n s tud ies  o f  the seed-soil  interface  micro-env i ronment 

i n  direc t d r i l l ed g rooves 

Sma l l  wooden boxes c o n ta i ning und i s turbed s o i l  samp les o f  ( 4 50 mm 

x 304 mm x 1 00 mm ) were u t i l i zed in the  f ir s t  o f  three exper iments  

( exp t .  4 ) . I t  was f e l t t o  be mo s t  appropr i a te to a t t emp t to  improve 

the coul ter type wh ich had ap peared to b e  l eas t e f f ec t ive in t e rms 

o f  s e e d l ing emer gence per f o rmanc e in the pr ev ious  experimen t ( l a & l b ) . 

This  was the t r i p l e  d i sc coul ter . 

A comb i na t io n  o f  t rea tme n t s  inc l ud i ng induced compac t ion and 

smear ing and cover ing o f  the grooves w i th loose  s o i l  and po l y th ene , 

were  tes ted und e r  a h i gh so i l  d ry ing r eg ime ( 5 5 / 60% r . h .  day / nigh t 

and 2 2 / 1 8°C day/ nigh t temp erature)  and a t  a h i gh ini t i al  soil  mo i s tu r e  

s tr e s s . T h e  r e su l ts sugges ted tha t compac t ion and / or  smear ing , e i th e r  

d id no t occur , o r  i f  they d id occur , appar ent l y  d id no t resu l t in any 

r ed u c t ion o f  s e ed l ing eme rgence when the t r ip l e  d i sc coul t e r  was 

emp l oy ed . 

When a l o o s e  s o i l  cover was provided over the seeds d r i l l ed 

w i t h  the t r ip l e d is c  coul ter , no inc r eas ed seedl ing emergence was no t ed . 

When the seeds were pres s ed into the base  o f  the  grooves the r e  appear ed 

to  b e  a signif icant (P  = 0 . 0 5 )  inc rease  in seed l ing emergence . Thes e  

r e s ul ts s t r eng thened the hypo thes is o f  "mo i s tu r e  po ten tial d i f f u s ion" 

evo lved as a r e sul t of the earl ier exp e r iments . Later  exper imen ts 

wer e no t howeve r  ab le  to ful l y  exp l a i n the mechanism of soil mo i s tu r e  



ava i l ab i l i ty t o  the seeds and i ts e f f e c ts on sub-sur face  s e ed l i ng 

surv ival . 

Fur ther l a b o ra tory exper imen ts wer e ,  therefor e ,  conduc t ed , on 

t h e  o n e  hand to d e t ermine  the ' karamu ' whea t s eed germina t ion i so therms 

in th e pres enc e of l i quid and vapour mo i s ture ( exp erimen t 5 ) , 

and o n  the o th er hand to  measure the s o i l  in-groove vapour mo i s tur e 

po t e n t ial  ( expe r imen t 6) . 

Resul ts f rom exper iment 5 sugges ted tha t the seed s , when grown 

i n  con tac t wi th mo i s ture a t  - 1 1  bars or abov e ,  were c apab l e  o f  g ermi n­

a t i ng and sus t a i ning s eed l ing grow th ,  p rovided tha t the s e ed r a d i c l es 

wer e ab l e  to p enetrate  i n to more mo i s t s o i l  layers alongs ide , w i thin 

2 to 3 days a f t e r  sowing . At  mo is ture potentials d r i er than - 1 1  

bars  the seeds migh t germinate  bu t could no t b e  expec ted to have 

su f f i c ient vigour to supplemen t  the i r  energy supply through roo t 

a nchorage , and the refore  to  emerge . Th es e r e su l ts also sugges ted 

tha t  when s o i l  mo i s ture ava i lab il i ty to s eeds was only i n  the vapour 

f o rm ,  karamu wh e a t  seeds cou l d  no t be  expec ted t o  germ i na t e . 
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Exp erime n t s were then conduc t ed to t es t  var ious me thod s  o f  measuring 

vapour mo is t u r e  po t en t ia l i n  the d i rec t d r i l l ed grooves a t  the s eed-

s o i l i n t erfac e .  A dew po i n t  hy grom e t e r  was found to be mo s t  appropr i a t e  

f o r  this  purpo s e .  An a i r  samp l e r was d e s ig ned us ing 4 mm ( i nside  

d iame ter)  t rans pa r en t  ny lon  tube . Air  samp l i ng tubes were emb edded 

i n  the grooves immed i a t e l y  a f ter the s e ed s  were d r i l l ed . Expe r iment 

6 ( a )  i nd i c a t ed tha t i t  was po s sib l e  to measure s ignif i can t d i f f er ences 

in i n-groove r . h .  l eve l s  i n  a range of soil grooves . Exper iment  6 ( b )  

c l ea r l y  ind i ca t ed tha t when t h e  t r i p l e  d i sc co ul t e r  was emp lo y ed , the 

in-groove r . h .  d e c reased at a mean ra t e  of 4 . 2 3 1 % / day for  the f i r s t  

s i x  d ays a f ter  d r i l l i ng .  Th i s  r a t e  wa s s igni f icantly ( P  = 0 . 0 1 )  

h igher  than tha t o f  the c h i s e l  cou l t e r  groove ( 2 . 34%/day )  and the hoe 

coul t e r  ( 2 . 7 5% / day ) . A l t hough seed ling eme rgence f rom the same 

grooves was correspond ingly l ower i n  the  tr i p l e  d i sc cou l ter compared 

to tha t wi th t h e  ch isel  a nd the ho e cou l t er , the corr e la t ion c o e f f ic­

i en t  between in-groove r . h .  d ry i ng r a t e s  and seedl ing emergenc e 

a c r o s s  a l l  cou l ters was only r = 0 . 5 88 . 
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When the s eeds in t h e  t r i p l e  d i s c  grooves we r e  e i ther p r e ss ed 

i n t o  t h e  base o f  the u ncovered grooves o r  when p r essure was a p p l i ed 

over the  covered groove s , the in-groove r . h .  mean dry ing r a t e  was 

s i gni f icantly (P = 0 . 0 5 )  r educed compa red to tha t in the unp r e s sed 

t r i p l e  d is c  grooves . This  imp rovemen t in  the d ry ing r a t e  however 

d id no t resu l t in  a correspond ing increase in the  seedl ing emergence 

f rom t hese g rooves . I t  d i d  however r e s u l t in a s igni f icant increase 

in the sub-s u r f ac e  s urv iva l of  germina ted s eed s 2 1  days a f t e r  d r i l l ing . 

The correla t ion co e f f i c i ent  b e tween the i n-groove r . h .  d r ying r a t e  

a c r o s s  a l l  coul ters and s e edl ing surviva l  ( eme rgence p l us s ub - s u r face  

su rvival ) was mo r e  encourag i ng a t  r = 0 . 7 1 2 .  

I t  appeared tha t t h e  fac tors res pons ib l e  for  the higher s eed l ing 

eme rgence ( par t i c u l a r l y  in d r y  so i l )  wi th the c h i s e l  coul t er a nd 

c o nv e rsely the lovl emergence f rom the unmod i f i ed t r ip l e  d i s c  caul  t e r  

w e r e  a t t r ibu tab l e  to the ab i l i ty o f  t h e  former coul ter ; 

( i ) To exp l o i t the  li m i t e d  supply o f  sub- s u r f ac e  soil  mo is t ur e ,  and 

to p lace t h e  se ed ini t ia l ly in a favourab l e  envi ronmen t .  

( i i )  To leave the  s l i t  c lo s ed to t h e  a tmo sphere in a manner wh i c h  

permi t t ed ma in tenanc e o f  a high "mo i s t ur e  po t ent ial cap t iv i ty"  

at  the s o i l - s eed i n t e r f a c e . 

( i i i ) To c rea t e  minimum s u r face so i l  shat t e r ing and thus mai n ta in a 

h igh inc i d ence o f  s u r face mul ch in the f o rm o f  sod and organic 

mat ter which in t u rn app aren tly a s s i s ted in the maintenanc e o f  

a h igh "mo i s ture po t en t ial  cap t i v i ty "  i n  the vic ini ty  o f  seeds , and 

( iv )  To phys i ca l ly loosen and sha t t e r  the  sub-sur face soil  to a s s i s t  

i n  rap id roo t anc horage and exp l o i ta t ion o f  so i l  l iq u i d  mo i s t u r e . 

The l es s e r  p e r fo rmanc e o f  the t r ip l e  d i sc coul ter , in t erms o f  

s eed l ing emerg enc e , appea r ed to b e  ma inly because  o f  i t s inab i l i ty 

t o  c r ea t e  th e s o i l-seed phys i cal  env i ronmen t  ou t l ined above . Th e 

h o e  coul ter c rea ted seed-soil i n t er f ace  charac t e r i s t i c s  wh i c h  p ermi t t ed 

s igni fican t ly s uperior s e e d l i ng emergence to tha t of  the t r i p l e  d i sc 

coul t e r  under mo is ture s t ress , but  s igni f i can t ly lowe r perfo rmance 

t o  t h a t  of the c h i s el coul ter . Howeve r ,  when the physical charac t e r i s t i c s  

o f  t h e  h o e  coul ter grooves were mod i f ied us ing covering and / o r  p r e s s u r e  

a p p l i c a t ions , the  s eed l i ng emergence f rom such  g rooves wa s imp rov ed 

to b e  l i t t l e  d i f f e rent f rom those o f  t h e  c h i s e l  cou l ter . 
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( c ) F ield expe r imen ts c ompa r i ng cou l t e r  pe r fo rmance und e r  a range o f  

c l ima t i c  and so i l  cond i t ions 

Fi eld exp e r iments were conduc ted to  t es t  the r ep ea t ab i l i ty i n  a 

f i e l d  s i tua t i on , o f  resu l ts ob ta ined f rom th e t u r f  b locks i n  the c l ima t e  

l ab o ra tory . I t  was expe c t ed tha t th ese experiments would g iv e  some 

i nd i ca t ion o f  the f r eq uency and magn i tude of trea tmen t  d i f f e r e nces 

d ur ing one s eason und e r  a r ange o f  c l ima tic  condi t ions , and tha t such 

r e s ul ts woul d  b e  useful  i n  a t temp t i ng to f ormula t e  meani ng f ul correla t ions 

b e tween amb i en t  cond i t ions , so i l  mo i s tur e  s ta tus , and s ee d l i ng emergence 

u s ing three d e s i gns of coul ters . 

Th es e experimen ts on a s i l t loam s o i l  and u s ing karam u  whe a t were 

d r i l l ed at  f o r tnigh tly i n te rva ls during sp ring/ s umme r / a u tumn 1 9 7 7 / 7 8 .  

A t o tal o f  1 2  d r il l ing� were ac comp l i shed . The r e su l t s  s ugges t ed 

t ha t  seed l i ng emergence was s t rongly correla t ed ( r  0 . 84 )  w i th the 

ave rage s u r f a c e  soil mo i s ture , measured at 0 to  45 mm d ep t h , d u r i ng 

t h e  second week a f t e r  d r i l l ing . Th es e resul t s  a l so sugges ted t ha t : 

( i ) I f  the only  soil  mo i s t ure da ta ava ilab l e  was tha t a t  o r  p r ior  to 

d r il l i ng , th e p r e se n t  s ta te o f  knowledge would no t p ermi t accura t e  

seedl ing emergence d a ta t o  b e  p r ed i c t ed . 

( i i )  I f  soil  mo is ture was avai lab le a f ter  d r i l l ing , bu t b e f o r e  seed l i ng 

emergenc e ,  reasonab le pred ic t ions o f  seedl ing emergence could 

b e  mad e g iven the charac teris t i c s  of th e cou l ter types . 

From the l im i ted d a ta ava il ab l e  examp l e  ma thema t ical models  o f  s eedl ing 

eme r gence , a s  a f unc t i on of soil mo i s ture con t en ts ( average o f  2nd 

w e e k  a f ter  d r i l ling) were cons truc t ed f o r  each o f  the coul t e r s  op era t­

ing in soil w i th mo is ture con t en t  in the range of 1 2% to 30% ( d . b . )  

These mod els  were as f o l lows : 

1 .  Triple  d is c  coul t e r  

�. - -- --·----- ---- 2 1 �e ed l ing eme rgence % = - 5 . 6 9 2  + 0 . 9 7 7  (m . c . % ) - 0 . 0 1 7 4 (m . c . % )  

2 .  Hoe cou l te r  

/ s e e d l ing emergence % - 5 . 7 6 4  + 0 . 9 9 4  (m . c . % ) - 0 . 0 1 8  ( m . c . %) 2 



3 .  Chis e l  coul ter 
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/s e e d l ing eme rgence % -6 . 3 6 6  + 1 . 1 1  (m . c . % )  -0 . 0 2 1 2 (m . c . % ) 2 

The f i e ld exper imen ts ind i cated tha t the chisel  coul t e r  had g iven 

s igni f i cantly (P  = 0 . 0 1 )  superior s ee d l ing emergence compared to the 

hoe cou l ter and the trip l e  d i s c  coul ter in 8 . 3% and 1 6 . 6% of the  d r i l l i ngs 

r espec tively in tha t par t i cu lar s eason . The o ccas ions w hen d i f f erenc e s  

were  recorded w e r e  c l ima tically  dry . The s e ed l ing emergenc e w i th the 

h o e  cou l ter was no t s i gni f i can t l y  d i f f erent to tha t o f  the tr i p l e  d is c  

coul t er a t  any t ime . A t  lower s o i l  mo i s ture con tents , there m igh t 

have been a s l igh t ly h i gher  seed l i ng emergence f rom the ho e c ou l ter 

than the t r i p l e  disc cou l te r , bu t these d i f f e r ences were no t s ignif­

i can t .  The compu ted ma thema t i cal mod e l s  also sugges t tha t the c h i s e l  

c o u l ter apparen t l y  performed signi f i can tly (P  0 . 0 1 ) b e t te r  i n  overal l  

d r i l l ings compared wi th the hoe and t r i p l e  d i s c  coul ters . 

Exper imen t s  were a l s o  conduc t ed to tes t the ef f e c ts o f  the  pre­

d r i l l ing herb i c ides used , b ecause in the l a ter s tages of th e f ie l d  

experimen ts i t  appeared tha t  t h e  herbic ides migh t have had s ome 

d e tr imental  e f f e c t s  on s eed l ing emergenc e .  

Paraqua t and d i camba were used i n  a l l  the exper imen ts . The 

e xp erimen t s  s ugges ted tha t when d i camba was sp rayed at a ra t e  o f  2 1 / ha 

w i t h  5 . 6  1 / ha o f  paraquat  in  a mix ture o f  300 l i tres o f  wa t e r  4 days 

b ef ore d ri l l ing , whea t s ee d l ing eme rgence was s igni f i c antly  reduced 

c ompared to tha t when only paraq ua t was used ( exp erimen t 8 ) . 

However s u ch e f f e c t s  were no t s i gni f i ca n t  when d i camb a + paraqua t 

w e r e  sprayed only 4 hours b e fore the d r i l l ing took p lace . Th ese 

e f f ec ts appeared to  be  mor e pronounced (P = 0 . 0 5 )  when the t r i p l e  d is c  

c o u l ter was u s ed compared to e i ther t h e  hoe o r  chisel  cou l ters . No 

a t t emp t was mad e  to f u l l y  explain the mechanism o f  the s e  e f f e c ts b u t  

i n  the l a t te r  s i tua tion i t  i s  pos s ib l e  tha t con tamina ted soil was 

c a r ried down i n to th e grooves . 

i n  this area . 

C l early  fur ther work i s  j u s t i f i ed 

Conc lus ions and Research Priori t i e s  

The resul t s  o f  t h e  t i l lage bin s tudy unde r  con tro l l ed c lima ti c  

condi tions ( expe r imen t 1 & 2 )  have been a b l e  t o  conf irm ear l i er trends 

repor ted by  Baker 
( l 6 )  who conduc ted s im i l ar expe riments unde r  a 
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p a r t ially con t r o l led  env i ronmen t . The p resen t s tudy has a l s o  b een able  

to tes t the e f f e c ts o f  control l ed c l ima t i c  cond i t ions on the  p e r f o rmance 
-----=-====---

o f  three d i f f e r ent  coul t e r  types unde r  two ini t i a l  s o i l  mo i s ture 

condi tions . U s i ng a comb i na tion o f  covering and pressure a p p l ica tions 

over the seeds the s tudy has demons tra ted tha t  i n  dry soils the 

in-groove "mo i s ture po ten t i a l  cap tivi ty" a t  the seed -so i l  i n ter face  

and  th e "mo i s ture  p o t en ti a l  d i f fus ion" b e tween the  s o i l - i n t e r f a c e  

a n d  the s e e d  i n t e r f a c e  were dynamic p rocesses and tha t th e magn i tud e s  

and rates o f  changes o f  t h e  parameters w e r e  correla ted wi th t h e  typ e s  o f  

coul ter and covering techniques u s e d  to form t h e  grooves ( ex p e r imen t 6 )  . 

Field exper imen tal d a ta was used to form ma thema t i ca l  mod e l s  to 

p r e d i c t  seed l i ng emer genc e ,  given s pe c i f ied s o i l  mo i s tu r e  and amb i e n t  

c ond i tions . Though based on l imi ted da ta ,  th e s e  predic tion equa t ions 

appear p romi s ing for  fur the r r e f ineme n t . Thi s  s tudy sugge s t s  s trongl y  

tha t under so i l  mo is ture s t ress and unf avourab l e  amb i ent cond i tions , 

th e des ign charac t e r i s t i c s  o f  the groove openers are o f  maj o r  impo r tance . 

I t  i s  sugges ted tha t fur ther r es earch work shou ld be conduc ted i n  

the  fol low i ng d ir e c t i ons" 

( i ) Ref ine the equipmen t u sed , and the techniques invo lved i n  the 

measur ement of the i n-groove seed- so i l  i n terfac e  mo i s ture 

potent ial  i n  an e f fo r t  to measure  mo r e  p r e c i s ely the i n terac t ions 

o f  l i q u i d  and / o r  vapour mo is ture p o t en t i a l s  wi th s eed g e rm ina t ion 

and s e e d l i ng eme rgence as a func t i on of c ou l ter d es i gn p a r ame ters . 

( i i )  Conduc t  fur th er f i e l d  exp e r imen t s  to imp rove the r e l i ab i l i ty o f  

seed l i ng emergence ma thema tical  mod e l s ,  for use  w i th g iven coul ter  

types , c ro p  spe c i es , wea ther and soil  cond i t ions . 

( i i i )  Devise  s impl e  ins trumenta tion to tes t the sui tab i l i ty o f  d i re c t  

d r i l l i ng sys tems f o r  g iven on- f arm cond i t ions . 
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APPENDIX 2 

C a l ib ra t ion o f  so i l  mo i s ture measu r i ng_ techniques 

Spe c i f ica tion of  c l imatic  cond i t ions in c l imate l abora tory 

Exper imen t d a t e  

r . h .  

L igh t (P . A . R . )  

V . P . D .  

Temp erature 

Dew p t .  

29 . 1 1 . 1 9 7 6  

Day 

4 7 . 2% 

5 hours 

9 mb 

2 5°C 

1 9 . 5  

N igh t 

7 1 %  

S o i l  mo is ture m easur ing t echniques tes t ed 

1 .  P sychrome t ers 

2 .  Gypsum b l o c ks 

3 .  Gypsum b ead s 

4 .  G lass f ib r e  paper 

5 .  Gravime t r i c  me thod 

Appara tus req u i rements : Mi cro vol t  m e ter , moi s ture  meter ( a . c .  

whea ts tone b r idge) , Psy chrome ters a nd d i f f er ent  

s i ze o f  gyp s um b lo cks . 



Da te : 10 . 1 2 . 1976 

Gypsum blocks : 3 types x 8 = 24 . 

Ql 
1-1 
:::1 .... 

Ill Ill 
» -n ........ Id � • A .C 
Ql r-1 "CC !l "8 ._, 

E-< 00 H 
1 

1 26 . 4  1 . 2 

2 23 . 2  2 . 2  

3 2 1 . 9  1 . 0 

4 1 8 . 5  63 

5 1 8 . 6  82 

6 1 6 . 8  150 

7 20 . 9  280 

8 14 . 2  600 

9 9 . 6 700 

2 

1 . 2  

3 . 1  

32 

108 

1 80 

300 

550 

700 

800 

6 mm  cp 
3 4 5 

0 . 9  0 . 9 7  1 . 43 

1 . 05 1 . 05 1 . -53 

1 . 3 1 . 7 0 . 9  

1 . 7  1 . 7  2 . 0  

2 . 4 2 . 4 2 . 3  

3 . 5  3 . 9 2 . 6  

5 . 4  6 . 7  2 . 9  
7 14 . 2  3 . 5  

9 . 6 26 4 . 4 

6 

0 . 82 

0 . 84 

0 . 88 

1 . 0 

1 . 4 

2 . 1  

3 . 5  

16 

42 

APPENDIX 2a 

Tes ttng and calibration of three types of gypsum blocks 

Resis tance in kn 

7 . 5 mm cp 
7 8 1 2 3 4 5 6 7 8 

0 . 7  4 . 7  1 . 2  0 . 66 0 . 84 1 . 0 1 . 16 2 . 16 1 . 35 1 . 0 

0 . 78 5 . 6 1 . 9 5  0 . 7 3  0 . 9  1 . 0 1 . 2 2 . 3  1 . 5  1 . 2  

6 . 0  6 0 . 7  1 . 0 1 . 0 1 . 0 1 . 3  2 . 5  1 . 85 L 5  

1 . 1  1 1 . 0 95 ·0 . 8  1 . 2  1 . 0 1 . 4 2 . 9 2 . 4  2 . 0  

1 . 4 27 400 0 . 9  1 . 5 1 . 1  1 . 7 3 . 4  3 . 3  3 . 1  

2 . 1  93 750 1 . 1  2 . 1  1 . 3 2 . 4 3 . 5  4 . 7  5 . 5  

3 . 4  220 800 1 . 5 3 . 7  1 . 6 5 . 0  4 . 3  6 1 0 . 5  

5 . 7  370 1000 2 . 7  7 2 . 3  2 . 1  5 . 5  10 24 

1 1  400 1200 5 . 7  1 6 . 5  3 . 9  63 5 . 9 24 39 

1 5  mm cp 
1 2 3 4 

1 . 04 1 . 06 1 . 0 1 . 1  

1 . 45 1 . 45 1 . 05 1 . 3 

2 . 9  2 . 5  1 . 25 1 . 6  
1 2 . 3  6 . 3  1 . 5 2 . 35 

55 1 7  2 4 . 4 

75 47 2 . 8  1 1 .6 

105 62 43 35 

1 50 90 5 . 4 50 

190 85 9 59 

.... 
��'; 

5 

0 . 8 

0 . 85 

0 . 9 
1 . 0 

1 . 24 

1 . 5 

2 . 2  

3 . 5  

6 

6 

. . 

1 . 25 

1 . 6 

2 . 4  

4 . 7  

" 1 3 

46 

68 

9 2  

1 10 

7 8 

1 . 3 1 �3 

1 . 8 1 . 45 

3 . 3  1 . 85 

6 . 2  2 . 8  

2 1  4 . 5 

33 7 .4 

38 18 . 4  

4 6  3 4  

50 46 



APPENDIX 2b 

Da te 29 November , 1 9 7 6  

Tes ting o f  Gypsum b locks in two soil moisture cond itions 

Time R i.s..tanc.e jn Ohms 

Soil mois ture 

% (d . b . )  Block no . 1 2 3 4 5 6 7 8 
Low mois ture Resis tance under 

Vaccuum 450  600  520 450 520 4 50 5 20 4 50 

1 5 . 7  0 hr 84 0 7 1 0  700 7 60 800 1 000 7 20 7 50 

1 4 . 9  4 hr 7 2 0  6 00 640 7 1 0  7 4 0  900 6 7 0  690  

1 4 . 5  1 day 7 20 660 6 5 0  7 50 7 5 0  9 30 7 00 7 20 

1 4  . 1  2 850 780  740 800 800 1040 7 20 800 

1 4 . 0  3 860 7 80 740 850 800 1 050 650 840 

1 3 . 4 4 1 000 950  900 980 850 1 6 50 750 2 1 00 

Higher mois ture 

Resis tance under 

Vacuum 520 450  5 20 450  600  600 5 5 0  450  

3 3 . 2  0 hr 500 600 520 500 7 50 7 50 800 4 50 

3 2 . 9  4 hr 500 450  5 50 450  7 1 0 7 00 7 7 0  4 1 0 

3 1 . 5  1 day 600 450  5 7 0  4 5 0  7 1 0 7 00 7 7 0 400 

30 . 0  3 5 50 500 5 50 5 5 0  7 5 0  7 00 800 400 

29 . 1  4 600 500 5 5 0  500 800 7 00 848  450  



APPENDIX 2c 

Tes ting of Gypsum blocks in three coul ter type grooves 

Time Af ter Gravimetric Chisel coul ter Hoe coul ter 
drilling mois ture 1 2 3 Mean 1 2 3 Mean 

days content 
k ohms k ohms 

% (d . b . )  

(mean) 

1 1 . 25 0 . 7  1 .  0 .  0 . 98 0 . 85 1 . 2 1 . 1  1 . 05 

2 1 . 3  0 . 7  1 . 0 1 . 0 1 . 0 1 . 2  1 . 2 1 . 1  

3 1 . 35 0 . 7  1 . 05 1 . 03 1 . 05 1 . 25 1 . 25 1 . 18 

4 1 9 . 9  1 . 5  0 . 7 3 1 . 2  1 . 14 1 . 26 1 . 38 1 . 4 1  1 .  4 1  

5 19 . 3  1 .  76  0 . 7 3 1 . 56  1 .  66 1 . 7 7  1 . 50 1 . 7 2  1 . 66 

6 1 5 . 9  2 . 1 5 - 2 . 27 2 . 22 2 . 5  1 .  7 5  2 . 2  2 . 15 

7 15 . 8  3 . 0 - 4 . 5  3 . 7 5 3 . 7  2 . 1  3 . 2  3 . 0  

8 1 5 . 4  4 . 7  - 8 . 7  6 . 7  6 . 3  2 . 8  5 . 7  4 . 9 3 

9 14 . 5  7 . 0  - 30 . 0  18 . 5  5 . 8  4 . 3  10 . 0  7 . 7  

10  

1 1  1 1 . 5 20 - 37 . 0  28 . 5  7 5  37 90 67 . 3  

1 2  1 1 . 5  70 - 7 1  70 . 5  1 20 64 1 40 108  

13  1 2 . 3  1 10 - 1 20 1 1 5 240 88 2 1 0  1 7 9 . 3  

1 4  1 3 . 5  1 60 - 105 1 32 . 5  300 145 330 258 . 3  

1 5  1 1 . 1  1 7 0  - 1 20 145  450 190  500 380 

1 6  1 2 . 6  1 90  - 1 1 5 1 5 2 . 5  500 2 1 0  750 486 

17  1 1 . 9  1 9 0  - 1 45  167  550  240  800 5 30 

2 
r 

c = 0 . 68 r� = 0 . 2  

Triple disc coul ter 

1 2 3 Mean 

k ohms 

1 .  78  1 . 05 0 . 9 9  1 .  2 7  

1 . 8  1 . 1  1 . 1  1 . 3 

1 . 8 1 . 15 1 . 1  1 . 35 

1 . 83 1 . 2 1 . 22 1 . 4 1  

1 . 9 2  1 . 46 1 . 43  1 . 6 

2 . 1  1 . 63  1 . 7 1  1 . 8 1  

2 . 35 1 . 90 2 . 2  2 . 1 5 

2 . 8  2 . 2  2 . 9 2 . 63  

3 . 6 2 . 7  3 . 7  3 . 33 

1 5 . 0  6 . 0 7 . 7  9 . 56 

28 8 . 3  1 1 . 5  15 . 9  

4 3  1 2 . 5  1 6 . 5  24 

60 20 24 34 . 6  

66 28 27 40 . 3  

75  36  34 . 5  48 . 5  

90  47  38 58 . 3  

r� = 0 . 36 



APPENDIX 2d 

De termination o f  correla tion of  mois ture me tering techniques with gravimetric soil mois ture sampling 

Time ( days ) Gravimetric Gypsum blocks 

Af ter planting Soil Mois ture ( d . b ) % res is tance C rl) 
Coul ter types Coul ter types 

Chisel Hoe Triple Disc Chisel Hoe Triple Disc 

1 

2 

3 

4 1 8 . 0  2 1 . 2  2 1 . 3  1 . 1 4 1 . 4 2  1 . 4 2  

5 1 7 . 1  20 . 2  20 . 7  1 . 66 1 . 66 1 . 60 

6 1 7 . 2  1 3 . 0  1 7 . 7  2 . 22 2 . 15 1 . 80 

7 1 3 . 9  1 7 . 5  1 5 . 3  3 . 7 5 3 . 0  2 . 1 5 

8 1 3 . 5  1 5 . 3  1 7 . 3  4 . 7  4 . 93  2 . 63 

9 16 . 3  1 1 . 2  1 6 . 2  7 . 0 7 . 7  3 . 33 

10  1 5 . 0  1 2 . 0  14 . 1  28 . 5  27 . 6  5 . 5  

1 1  1 3 . 1  1 3 . 0 1 2 . 3  5 1 . 5  6 7 . 3  9 . 56 

1 2  1 2 . 6  14 . 0  1 2 . 7  70 . 5  108 1 5 . 9  

1 3  1 3 . 9  1 2 . 0  1 1 . 0 1 1 5  1 7 9  24 

1 4  1 1 . 7  1 3 . 8  1 5 . 2  1 3 2  258 34 . 6  

1 5  10 . 8  9 . 4  1 3 . 3  145  380 40 . 3  

1 6  1 1 . 3  1 3 . 1  1 3 . 6  1 5 2  486 48 . 5  

1 7  1 1 . 2  1 2 . 7  1 1 . 7  16  7 530 58 . 3  

Gypsum beaa s 
% ( d . b . )  

Coul ter types 

Chisel Hoe 

40 . 3  39 . 3  

50 . 3  39 . 0  

33 . 0  28 . 4  

32 . 8  32 . 9  

33 . 8  30 . 1  

33 . 6  32 . 2  

Triple Disc 

34 

36 . 3  

30 . 8  

33 . 9  

30 . 9  

32 . 2  

� 2 2 
r�=0 . 4  r

h
=0 . 7 1 r t=0 . 27 

Glass f ibre fil ter 
paper % (d . b . )  

Coul ter types 

Chi sel Hoe Triple Disc 

80 . 9  8 . 5  87 . 8  

10 . 5  3 1 . 1  9 . 8 

4 5 . 9  59 . 2  1 4 . 3  



APPENDIX 3 

( a )  Spec i f i c a t ions of Exper iment 1 ( a )  

Da t e  o f  experimen t 

Typ e  o f  experimen t 

Coul ter types used 

S pecies s own 

S ee d  germi na t ion po t en t i a l  

Nominal sowing d ep th 

Nomina l  sowing spac i ng 

D r i l l ing s peed 

G roove cover ing trea tmen ts 

S o i l  type 

I n i tial  s o i l  mo is ture s tr es s  

D ec ember 19  7 6 ' 

Larg e  s o i l  b lo cks i n  labora tory 

Chi s el ( expe r imen ta l ) , hoe  and 

t r i p l e  d i s c  coul ters . 

"Kapora" whea t 

9 8 . 4 %  (Mas s ey Uni , S e ed Tech Cent r e )  

3 8-40 mm 

20  mm 

6 0  m/hour 

Dr i l led  groov e s  bar harrowed and 

then pressed a t  0 , 3 5 ,  70 kPa 

respec t ively . 

"Manawa tu f ine s andy l oam" 

S tab i l i zed to an average o f  1 7 % ( d . b . )  

approxima tely a t  - 1 5  bars . 

Cond i tion o f  paren t v e g e t a t ion Ry egras s , mown to ground l ev e l  

H erb i c id es used , r a t e  and 

t ime of app l i c a t ion 

Exper imen tal  des ign 

Dura t ion o f  lapse t ime b e tween 

d r i l l ing and t ermina tion o f  

experimen t 

C l ima t i c  cond i t ions duri ng 

experimen t 

S eedl ing emergence coun ts 

and then spray ed . 

Paraqua t a t  5 . 1  1/ha  + d ic amba 1 . 4 1/ha  

i n  one b lank e t  s pray 3 days  prior 

to d r ill ing . 

Randomi s ed comp l e t e  b lo cks w i th 

4 replica tes ( sp l i t- p l o t )  

3 w eeks 

Con tr o lled c l ima t i c  cond i t ions 

( c l ima te l abo r a to ry , PPD , DSIR)  

a t  9 0 / 9 3 %  r . h .  and  2 2 / 1 8°C day/ 

night  and 55/ 60% r . h .  and 2 2 / 1 8°C 

t emp . day /nigh t  i n  each o f  two rooms 

r e s p e c tively . 

Dai ly seedl ing emergence coun ts 

un t i l  the t ermi na tion of exper imen t .  



APPENDIX 3b 

LRH Regime 

Chisel coulter Ra te of  seedling emergence percentage 

Pressure Days from sowing 

intens ity in Reps 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

kPa 

1 1 8 . 1  44 . 4  48 . 4  5 2 . 5  54 . 5  54 . 5  5 6 . 5  58 . 5  58 . 5  58 . 5  58 . 5  58 . 5  

0 2 2 1 2 . 1  1 6 . 1  1 6 . 1  1 6 . 1  1 8 . 1  20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  

3 1 2 . 1  32 . 3  46 . 4  54 . 5  5 6 . 5  6 0 . 6  6 0 . 6  6 0 . 6  60 . 6  6 0 . 6  6 0 . 6  6 0 . 6  

4 2 2 . 2  3 2 . 3  54 . 5  5 8 . 5  6 2 . 6  6 6 . 6  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  

Mean 1 3 . 6  30 . 2  4 1 . 3  4 5 . 4  4 7 . 4  4 9 . 9  5 2  5 2 . 5  5 2 . 5  5 2 . 5  5 2 . 5  5 2 . 5  

1 1 6 . 1  30 . 3  34 . 3  36 . 3  38 . 3  4 4 . 4  44 . 4  5 2 . 5  5 2 . 5  5 2 . 5  5 2 . 5  5 2 . 5  

35 2 1 2 . 1  24 . 2  2 8 . 2  28 . 2  30 . 3  3 0 . 3  3 0 . 3  30 . 3  3 0 . 3  30 . 3  3 0 . 3  30 . 3  

3 1 8 . 1  34 . 3  34 . 3  40 . 4  44 . 4  5 0 . 5  5 0 . 5  50 5 0 . 5  5 0 . 5  5 0 . 5  50 . 5  

4 8 34 . 3  6 0 . 6  60 . 6  6 2 . 6  64 . 6  66 . 6  66 . 6  66 . 6  66 . 6  66 . 6  66 . 6  

Mean 1 3 . 5  3 0 . 7  39 . 3  4 1 . 3  4 3 . 9  4 7 . 4  4 7 . 9  4 9 . 9  4 9 . 9  4 9 . 9  49 . 9  49 . 9  

1 38 . 3  48 . 4  6 6 . 6  68 . 6  68 . 6  7 2 . 7  7 4 . 7  7 4 . 7  7 4 . 7  7 4 . 7  7 4 . 7  7 4 . 7  

7 0  2 1 4 . 1  2 6 . 2  3 2 . 3  3 2 . 3  3 2 . 3  34 . 3  3 4 . 3  38 . 4  38 . 4  3 8 . 4  3 8 . 4  38 . 4  

3 1 6 . 1  5 8 . 5  6 8 . 6  7 8 . 7  7 8 . 7  80 . 8  80 . 8  8 2 . 8  8 2 . 8  8 2 . 8  8 2 . 8  82 . 8  

4 1 4 . 1  40 . 4  44 . 4  44 . 4  44 . 4  46 . 4  4 6 . 4  48 . 4  5 0 . 5  5 0 . 5  5 0 . 5  82 . 8  

Mean 20 . 6  4 3 . 3  5 2 . 9  56 5 6  5 8 . 5  6 0 . 0  6 1 . 0  6 1 . 6  6 1 . 6  6 1 . 6  6 1 . 6  

Contd . 
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Hoe coul ter 

Pressure intens i ty 

in kPa 

0 

Mean 

35 

Mean 

70 

Reps 5 

1 

2 

3 

4 

1 

2 

3 

4 

2 

3 

4 

6 7 

0 0 

0 0 

8 14 . 1  

4 4 

3 4 . 5  

0 0 

2 6 

1 2 . 1  18 . 1  

0 0 

3 . 5  6 

0 0 

0 0 

1 2 . 1  1 6 . 1  

2 4 

3 . 5  5 

8 9 1 0  

0 0 0 

0 0 0 

1 4 . 1  1 8 . 1  20 . 2  

4 4 4 

4 . 5  4 . 5  6 . 0 

4 4 4 

1 4 . 1  1 6 . 1  20 . 2  

22 . 2  24 . 2  26 . 2  

0 0 0 

10  1 1  1 2 . 6  

2 2 2 

0 0 0 

1 6 . 1  20 . 2  20 . 2  

4 4 4 

5 . 5  6 . 5 6 . 5  

1 1  1 2  1 3  1 4  1 5  1 6  1 7 

0 0 0 0 0 0 0 

0 2 2 2 2 2 2 

20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  

6 6 8 8 8 8 8 

6 . 5  7 . 0 7 . 5 7 . 5 7 . 5 7 . 5 7 . 5 

4 4 4 4 4 4 4 

22 . 2  2 2 . 2  22 . 2  22 . 2  2 2 . 2  2 2 . 2  22 . 2  

26 . 2  28 . 1  32 . 3  32 . 3  32 . 3  3 2 . 3  32 . 3  

0 0 0 0 0 0 0 

1 3  1 3 . 5  14 . 6  1 9 . 6  1 4 . 6  1 4 . 6  14 . 6  

2 2 2 2 2 2 2 

0 0 0 0 0 0 0 

20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  20 . 2  

4 4 4 4 4 4 4 
6 . 5 6 . 5  6 . 5  6 . 5 6 . 5  6 . 5 6 . 5  
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TriEle disc coul ter 

Pressure intensi ty 

in kPa Reps 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

1 0 0 0 0 0 0 0 0 0 0 0 0 

0 2 0 0 0 0 0 0 0 0 0 0 0 0 

3 2 2 2 2 2 2 2 2 2 2 2 2 

4 0 0 0 0 0 2 2 2 2 2 2 2 

Mean 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  1 1 1 1 1 1 1 

1 0 0 2 2 2 2 2 2 2 2 2 2 

35 2 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 2 4 6 6 6 6 6 6 6 

4 0 0 0 0 0 0 0 0 0 0 0 0 

Mean 0 0 0 . 5  1 1 . 5 2 2 2 2 2 2 2 

1 0 0 0 0 0 0 0 0 0 0 0 0 

7 5  2 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 2 2 2 4 4 4 4 4 4 4 4 

4 0 2 2 2 2 2 2 2 2 2 2 2 

Mean 0 1 1 1 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 



Appendix 3b contd 

HRH Regime 

Chisel coul ter 

Pressure 

intensi ty 

in kPa Reps 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

1 26 . 2  40 . 4  44 . 4  5 2 . 5  6 2 . 6  68 . 6  7 4 . 7  7 4 . 7  7 4 . 7  7 4 . 7  7 4 . 7  74 . 7  

0 2 1 4 . 1  36 . 3  44 . 4  50 . 5  54 . 5  56 . 5  5 6 . 5  56 . 5  56 . 5  5 6 . 5  56 . 5  56 . 5  

3 38 . 3  48 . 4  50 . 5  56 . 5  56 . 5  58 . 5  5 8 . 5  6 0 . 6  6 0 . 6  60 . 6  60 . 6  6 0 . 6  

4 44 . 4  6 0 . 6  6 6 . 6  6 6 . 6  66 . 6  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  7 0 . 7  

Mean 30 . 7  46 . 4  5 1 . 5  56 . 5  6 0 . 0  6 3 . 5  6 5 . 1  6 5 . 6  6 5 . 6  6 5 . 6  6 5 . 6  65 . 6  

1 5 2 . 5  58 . 5  6 6 . 6  6 6 . 6  6 8 . 6  68 . 6  68 . 6  7 0 . 7  7 2 . 7  7 2 . 7  7 2 . 7  7 2 . 7  

3 5  2 4 2 . 4  4 6 . 4  5 2 . 5  5 2 . 5  54 . 5  54 . 5  56 . 5  56 . 5  56 . 5  58 . 6  58 . 6  58 . 6  

3 44 . 4  6 0 . 6  7 0 . 7  7 2 . 7  7 2 . 7  7 6 . 7  7 6 . 7  78 . 7  7 8 . 8  7 8 . 8  7 8 . 8  7 8 . 8  

4 28 . 2  36 . 3  48 . 4  5 2 . 5  5 2 . 5  5 2 . 5  5 2 . 6  6 2 . 6  6 2 . 6  6 2 . 6  6 2 . 2  6 2 . 6  

Mean 4 1 . 8  50 . 4  59 . 5  6 1  6 2  6 3  6 3 . 5  6 7 . 1  6 7 . 6  68 . 1  6 8 . 1  68 . 1  

1 0 . 1  1 6 . 1  26 . 2  28 . 2  28 . 2  34 . 3  34 . 3  3 6 . 3  3 6 . 3  3 6 . 3  4 6 . 3  3 6 . 3  

7 0  2 1 8 . 1  38 . 3  5 0 . 5  58 . 5  6 6 . 6  6 6 . 6  6 6 . 6  66 . 6  6 6 . 6  6 6 . 6  6 6 . 6  66 . 6  

3 3 6 . 3  5 2 . 5  54 . 5  56 . 5  6 2 . 6  6 6 . 6  6 6 . 6  6 8 . 6  6 8 . 6  6 8 . 6  68 . 6  68 . 6  

4 1 4 . 1  28 . 2  40 . 4  50 . 5  5 0 . 5  5 6 . 5  56 . 5  6 0 . 6  60 . 6  6 2 . 6  6 2 . 6  6 2 . 6  

Mean 1 9 . 6  3 3 . 7  4 2 . 9  4 7 . 9  5 1 . 9  56  56  58  58 58 . 5  5 8 . 5  58 . 5  



Appendix 3b contd 

Hoe coul ter 

Pressure 

intens i ty 

in kPa Reps 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

1 0 2 2 2 2 2 2 2 4 4 4 4 

0 2 0 0 2 2 4 4 8 8 8 8 8 8 

3 1 0 . 1  1 6 . 1  20 . 2  2 2 . 2  34 . 3  40 . 4  4 0 . 4  40 . 4  40 . 4  40 . 4  40 . 4  40 . 4  

4 1 4 . 1  1 8 . 1  24 . 2  24 . 2  4 2 . 4  4 6 . 4  4 6 . 4  4 8 . 4  4 8 . 4  4 8 . 4  4 8 . 4  48 . 4  

Mean 6 9 . 0 1 2 . 1  1 2 . 6  20 . 6  2 3 . 2  24 . 2  2 5 . 2  2 5 . 2  2 5 . 2  25 . 2  25 . 2  

1 1 0 . 1  1 2 . 1  2 2 . 2  30 . 3  30 . 3  30 . 3  30 . 3  30 . 3  3 2 . 3  3 2 . 3  3 2 . 3  3 2 . 3  

3 5  2 20 . 2  24 . 2  30 . 3  30 . 3  36 . 3 36 . 3  40 . 4  40 . 4  4 0 . 4  40 . 4  40 . 4  40 . 4  

3 0 0 4 4 4 4 4 4 4 4 4 4 

4 0 0 0 0 0 0 0 0 0 0 0 0 

Mean 7 . 5 9 . 0 1 4 . 1  1 6 . 6  1 7 . 6  1 7 . 6  1 8 . 6  1 8 . 6  1 9 . 1  1 9 . 1  1 9  . 1  1 9 . 1  

1 0 0 0 0 0 2 2 2 2 2 2 2 

7 0  2 2 2 2 2 2 2 2 4 4 6 6 6 

3 20 . 2  30 . 3  34 . 3  38 . 3  4 8 . 4  4 8 . 4  5 2 . 5  5 2 . 5  54 . 5  5 4 . 5  5 4 . 5  54 . 5  

4 8 2 2 . 2  2 6 . 2  3 2 . 3  3 2 . 3  3 2 . 3  34 . 3  34 . 3  34 . 3  34 . 3  34 . 3  34 . 3  

Mean 7 1 3 . 6  1 5 . 6  1 8 . 1  20 . 6  2 1 . 1  2 2 . 7  2 3 . 2  2 3 . 7  24 . 2  24 . 2  24 . 2  
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TriEle disc coul ter 

Pressure 

intens i ty 

in kPa Reps 5 

1 

0 2 

3 

4 

Mean 

1 

3 5  2 

3 

4 

Mean 

7 0  2 

3 

Mean 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 7 8 9 1 0  

0 0 4 4 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 1 1 

0 0 0 0 

0 0 0 2 

0 2 2 2 

0 0 0 0 

0 0 . 5  0 . 5  1 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 1  1 2  1 3  1 4  1 5  1 6  1 7  
4 4 4 4 4 4 4 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1 1 1 1 1 1 1 

0 0 0 0 0 0 0 

2 2 2 2 2 2 2 

2 2 2 2 2 2 2 

0 0 0 0 0 0 0 

1 1 1 1 1 1 1 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 



APPENDIX 3b 

Seed Fate % ( in the LRH regime) 

Coul ter types Pressure intensi ty = 0 kPa = 3 5  kPa = 7 0  kPa 

Germina ted Ungermina ted Germina ted Ungerminated Germinated Ungerminated 

but seeds but seeds but seeds 

unemerged unemerged unemerged 

seeds seeds seeds 

1 4 . 1  1 6 . 1  1 6 . 1  34 . 3  4 46 . 6  

Chisel 8 3 2 . 3  8 26 . 2  2 1 6 . 1  

1 9 . 5  60 . 3  1 2 . 1  3 8 . 4  24 . 2  38 . 3  

30 . 3  1 0 . 0  2 2 . 2  4 8  8 1 4  

Mean 1 7 . 9  29 . 6  1 4 . 6  3 6 . 7  9 . 5 28 . 7  
-

2 1 . 9  70 . 1  1 8 . 4  8 1 . �  36 . 9  4 2 . 5  

Hoe 1 4 . 7  6 5 . 2  39 . 6  28 . 3  2 1 . 8  7 4 . 2  

1 8 . 1  80 . 8  2 2 . 2  74 . 7  1 9 . 2  80 . 8  

1 6 . 0  84 . 8  28 . 3  5 0  3 2  6 6  

Mean 1 7 . 6  7 5 . 2  2 7 . 1  58 . 6  2 7 . 4  6 5 . 8  

8 1 . 6  1 6 . 3  9 0  1 0  6 6 . 3  29 . 7  

Triple  disc 7 5 . 7  22 . 3  40 . 6  58 . 4  84 . 7  1 3 . 3  

38 4 0  7 0  3 0  6 8  3 2  

68 30 64 30 80 20 

Mean 6 5 . 8  2 7 . 1  66 . 1  3 2 . 1  7 4 . 7  23 . 7  

( 



Appendix 3a contd . Seed Fate % ( in the HRH regime) 

Coul ter types Pressure intens i ty = 0 kPa = 35 kPa = 70 kPa 

Germina ted Ungerminated Germina ted Ungermina ted Germina ted Ungermina ted 
but � eed but seeds but seeds 

unemerged unemerged unemerged 

seeds seed s seeds 

8 . 5  1 7 . 3  2 2 . 4  5 . 6  32  32 

Chisel 14 . 6  29 . 3  1 9  1 9 . 5  1 4  1 8  

2 1 . 7  1 7 . 8  9 . 9 3 1 . 6  2 1 . 7  1 1 . 8  

1 9 . 8  9 . 9 2 1 . 7  0 35 . 6  1 . 9 

Mean 1 6 . 1  1 8 . 5  1 8 . 2  14 . 1  25 . 8  1 5 . 9  

46 . 8  5 . 2  46 . 5  23 . 3  35 . 7  10 . 2  

Hoe 2 2 . 2  37 . 7  37 . 8  22 . 1  66 . 0  0 

1 3 . 7  82 . 2  1 5 . 9  79 . 9  8 . 9  89 . 1  

1 4 . 8  7 7 . 1  1 5 . 7  84 . 2  1 2 . 2  8 1 . 7  

Mean 24 . 3  50 . 5  28 . 9  5 2 . 3  30 . 7  4 5 . 2  

5 5 . 7  40 . 2  7 5  25  39 . 1  60 . 8  

Triple disc 82 . 5  1 7 . 5  7 7 . 1  2 2 . 9  54 . 5  45 . 5  

94  6 80 20  82  18  

74 26 8 2 . 0  1 6  80 20 

Mean 76 . 5  2 2 . 4  7 8 . 5  20 . 9  6 3 . 9  36 . 0  



APPENDIX 3c 

The e ffects of coulter types and ambient relative humid i ty on the in-groove soil mo is ture con tents in percent (d .b . ) . 

LRH regime HRH regime 
Coul ter types Pressure Days f rom sowing Days f rom sowing 

intens i ty 
in ·kPa 3 6 9 1 2  1 5  3 6 9 1 2  1 5  

1 3 . 7  1 5 . 3  1 1 . 0 1 1 . 7  8 . 4 1 4 . 7  1 5 . 3  1 2 . 7  1 3 . 8  1 2 . 9  
Chisel 0 1 5 . 4  14 . 7  1 1 . 4 1 3 . 9  1 1 . 6 1 5 . 5  1 5 . 7  1 6 . 4  1 6 . 8  1 6 . 9  

14 . 7  1 3 . 1  14 . 0  14 . 7  1 3 . 7  1 7  . 1  1 7 . 3  1 6 . 2  1 7 . 7  1 6 . 2  

10 . 6  1 3 . 8  1 2 . 2  7 . 4 1 0 . 5  1 3 . 9  14 . 3  1 2 . 5  14 . 4  1 5 . 5  
35  14 . 5  1 5 . 9  14 . 1  1 1 . 6 1 5 . 0  1 5 . 6  1 7 . 0  1 6 . 5  1 6 . 6  9 . 7  

1 3 . 3  1 7 . 1  1 7 . 3  1 3 . 1  14 . 9  1 6 . 9  1 5 . 4  1 6 . 0  1 7 . 7  14 . 8  

10 . 5  8 . 7  1 2 . 5  8 . 24 8 . 2  1 6 . 0  1 1 . 7 1 0 . 2  1 5 . 3  10 . 0  
70  1 5 . 2  14 . 6  14 . 4  1 0 . 9  1 2 . 5  1 2 . 7  1 4 . 4  1 5 . 8  20 . 0  1 3 . 0  

1 4 . 2  1 3 . 6  1 5 . 7  1 3 . 6  1 3 . 6  14 . 5  1 6 . 8  1 6 . 8  20 . 6  1 6 . 8  

Soil Block 1 3 . 8  1 3 . 7  1 8 . 0  1 6 . 5  1 2 . 1  1 9 . 6  1 3 . 1  1 9 . 2  9 . 7 9 . 3  
1 3 . 8  1 2 . 3  10 . 5  1 1 . 74 1 2 . 1  1 9 . 6  19 . 6  1 9 . 3  20 . 6  9 . 3  

Coulter type 1 2 . 7  1 0 . 1  9 . 6 8 . 4  8 . 5  1 6 . 6  1 5 . 2  1 6 . 4  1 3 . 8  10 . 5  
Hoe 0 1 5 . 7  1 3 . 0  1 2 . 1  1 2 . 5  10 . 4  1 6 . 6  1 7 . 2  19 . 8  1 6 . 5  1 1 . 5  

1 3 . 8  1 2 . 7  1 3 . 9  1 3 . 7  1 2 . 3  1 7 . 6  1 8 . 1  1 9 . 7  1 6 . 8  1 2 . 5  

35  1 2 . 7  1 1 . 0 1 3 . 3  1 1 . 6 9 . 6 1 6 . 5  1 7 . 1  1 8 . 1  1 3 . 5  1 2 . 7  
1 6 . 4  1 3 . 0  1 5 . 5  1 5 . 0  10 . 7  1 7 . 5  1 7 . 7  2 1 . 4  1 8 . 1  14 . 6  
1 3 . 0  1 3 . 6  1 6 . 1  1 5 . 6  1 1 . 8 1 6 . 5  1 7 . 6  20 . 0  1 9 . 1  1 6 . 9  

1 2 . 0  8 . 5  9 . 9  10 . 0  10 . 0  1 8 . 6  1 5 . 6  1 5 . 1  1 6 . 6  1 1 . 7  
70  1 2 . 8  1 1 . 7  1 1 . 9  1 3 . 3  1 1 . 0 1 6 . 0  1 9 . 0  1 7 . 4  18 . 3  1 1 . 6  

1 1 . 9  1 1 . 3  14 . 6  1 2 . 5  1 2 . 0  1 8 . 7  1 8 . 3  1 7 . 1  1 7 . 7  1 1 . 5 

Soil  Block 18 . 3  1 4 . 3  1 4 . 3  1 3 . 1  10 . 2  1 6 . 9  1 9 . 5  1 9 . 3  1 9 . 8  14 . 9  

-



ApEendix 3c contd 
Coul ter type Pressure L R H regime HRH regime 

intens i ty Days  from sowing Days from sowing 
in kPa 

3 6 9 1 2  1 5  3 6 9 1 2  1 5  
Tri�le Disc 2 1 . 4  25 . 5  1 7 . 0  1 8 . 0  1 2 . 8  1 8 . 3  1 9 . 2  20 . 8  1 7 . 2  2 1 . 1  

0 1 9 . 1  1 6 . 8  1 9 . 5  1 9 . 2  1 2 . 6  2 1 . 9  1 9 . 4  23 . 9  19 . 2  22 . 1  
2 1 . 1  18 . 9  2 1 . 2  18 . 0  1 2 . 4  1 7 . 4  22 . 4  24 . 8  1 9 . 9  23 . 1  

19 . 5  1 2 . 1  16 . 3  1 5 . 7  1 3 . 1  19 . 7  1 9 . 2  1 7 . 8  1 7 . 6  1 5 . 6  
35  20 . 5  1 8 . 4  20 . 9  19 . 7  1 5 . 2  1 9 . 8  20 . 2  20 . 9  20 . 7  1 6 . 7  

1 9 . 3  14 . 9  20 . 7  19 . 9  1 7 . 3  2 1 . 4 2 1 . 2  20 . 8  19 . 9  18 . 8  

1 9 . 4  1 4 . 5  1 7 . 5  1 2 . 9  1 1 . 8  1 8 . 5  23 . 8  22 . 6  1 2 . 9  1 7 . 0  
7 0  20 . 5  1 8 . 1  19 . 1  1 7 . 2  14 . 9  1 9 . 4  26 . 2  23 . 9  1 7 . 0  19 . 0  

1 7 . 9  1 7 . 7  20 . 5  1 8 . 8  18 . 0  1 7 . 7  24 . 2  23 . 0  1 6 . 2  1 8 . 0  

So il Block 1 1 . 9  14 . 9  1 4 . 6  1 4 . 7  14 . 2  1 9 . 7  1 9 . 6  20 . 2  1 7 . 8  1 3 . 5  



APPENDI X  4 

S o i l  Impedence Mea s ur ement 

D e f i n i tions : 

S hear P o i n t :  

A l o c a t i on a t  wh ich the so i l  shears when the "mechan i ca l  seedl ing" 

passes  through the so i l  surface . Sh ear p o i n t  i s  as sumed to b e  occurring 

when the · "mechanical s eedl i ng "  encoun ters maximum p enetra t io n  f o rc e . 

D i s tance o f  S hear P o i n t : 

The d i s tance f rom the s o i l  s u r f a c e  to the shear p o i � t  o r  a t  the 

maximum p ene t ra tion f o rc e . 

Mechanical  S ee d l i ng Diameter : 1 . 1 1 mm 

Convers ion f a c to r  o f  g raph she e t  s c a l e  on the char t r e c o rd er to ac tual 

trave l of "mechani cal s ee d l i ng "  is 2 . 5 .  

Calibrat ion fac tor 0 . 1 60 5  N /  mm 
Area on char t � Dis tance o f  p ene trome ter travel mm x f o r c e  ( mm) 

Energy expended Area x convers ion f a c to r  x c a l ib r a t ion f ac tor 

Area X 2 . 5  X 0 . 1 6 0 5  X 1 0- 3 Nm . 

Maximum f o r c e  Dis tance o f  shear point f r om s o i l  sur f ac e  x cal ibra tion 

f a c tor . 



APPENDI X  4 a  

( a) So i l  impedence measurement  d a t a  ( pr e  emergence )  

Cou l ter type Pres sure Energy expend ed Maximum D i s tance o f  
I n tens i ty Nm x J o- 3  force o f  s h ear po i n t  

kPa emergence (mm) 
Reps ( N )  

C h i s e l  0 1 7 1 . 6 3 . 7  1 8 . 1 

2 69 . 6  . 3 . 9  1 8 . 3  

3 8 2 . 5  4 . 8  20 . 0  

4 58 . 7  2 . 8  1 6 . 4  

35 1 50 . 5  2 . 0  2 2 . 6  

2 4 2 . 5  2 . 3  2 7 . 5  

3 4 7 . 3  2 . 6  2 2 . 4  

4 4 5 . 7  1 . 6  1 7 . 5  

70 1 1 1 4 . 8  4 . 0  1 7 . 0  

2 1 1 4 . 8  4 . 4  1 1 . 0  

3 1 20 . 9  6 . 2  1 5 .  1 

4 1 08 . 7  4 . 2  1 2 . 9  

Hoe 0 1 1 09 . 4  4 . 7  5 . 6  

2 1 0 5 . 8  5 . 1  4 . 4  

3 1 27 . 6  5 . 9  5 . 3  

4 87 . 6  3 . 9  4 . 7  

35 1 1 20 . 5  4 . 1  8 . 5  

2 1 1 4 . 7  4 . 3  9 . 7  

3 1 1 8 . 6  5 . 0 8 . 9  

4 1 1 9 . 6  3 . 4 7 . 7  

70 1 1 9 0 . 1 5 . 7  4 . 3  

2 1 80 . 3  6 . 1  4 . 0  

3 1 83 . 0  5 . 9 4 . 3  

4 1 8 7 . 4  5 . 9 4 . 6  

Triple D i s c  0 1 1 28 4 . 3  2 3 . 0  

2 1 28 4 . 3  2 3 . 4  

3 1 35 . 5  5 . 5  28 . 0  

4 1 20 . 5  3 . 1  1 8 . 4  

35 1 9 0 . 5  3 . 6 3 2 . 2  

2 88 . 7  3 . 4 2 5 . 8  



Append i x  4 a  Con td 

Cou l ter type Pres s ur e  Energy expended Maximum D i s tance o f  
I n t ens i ty ( Nmm) force o f  s h ea r  p o i n t  

kPa Reps emergence (mm) 
(N) 

3 98 . 6  4 . 0  28 . 9  

4 80 . 6  3 . 0  29 . 1  

7 0  1 1 4 8  6 . 0 20 . 5  

2 1 3 6  6 . 4  1 9 . 5  

3 1 4 1 . 5  5 . 1 1 7 . 6 

4 1 4 2 . 5  7 . 3  2 2 . 4  



APPENDIX 4b 

(b)  S o i l  impedence measurement da ta ; ( p o s t  emergence) 

LRH 

Cou l ter · Pre s s ure Energy Exp ended Haximum P enetration D i s tance o f  

Typ e  I ntens i ty Nm x 10-3 force ( N) shear ( mm) 
kPa 

Chis-el 0 1 1 32 . 6  10 . 1  32 . 5  

2 1 28 . 2  2 . 3  2 2 . 5  

3 1 35 . 1  5 . 2  38 . 3  

4 1 25 . 7 7 . 2  1 6 . 7  

35 1 83 . 3  4 . 5  33 . 9  

2 7 1 . 9  4 . 3  33 . 5  

3 78 . 6  5 . 4  38 . 7  

4 76 . 6  3 . 4  28 . 7 . 

70  1 1 1 6 . 4 4 . 8 23 . 0  

2 1 25 . 3  4 . 1  1 9 . 4  

3 1 16 . 4 5 . 5  20 . 1  

4 107 . 5  4 . 8  2 2 . 3  

Ho e  0 1 1 34 . 8  9 .  1 16 . 5  

2 100 . 7  1 3 . 3  1 6 . 7  

3 94 . 8  10 . 0  18 . 3  

4 1 28 . 9  1 2 . 4  1 4 . 9  

35 1 79 . 6 5 . 3  1 9 . 7  

2 100 . 1  3 . 5  1 7 . 7  

3 79 . 6  3 . 1 1 8 . 5  

4 58 . 7  1 . 3  1 8 . 9  

70 1 9 9 . 3  6 . 8  1 8 . 7  

2 79 . 1 0 . 4  1 8 . 7  

3 1 2 1 . 0  1 . 4 1 9 . 2  

4 5 7 . 4  2 . 6  1 8 . 2  

Triple disc  0 1 7 8 . 5  4 . 0  20 . 0  

2 40 . 7  4 . 2  1 0 . 0  

3 69 . 4  5 . 0  7 . 5 

4 49 . 8  3 . 2  22 . 5  



ApEend i x  4b  con td 

Coul ter Pressur e  Energy Expended Maximum Pene tra tion D i s tance of 

Type I n tens i ty Nm x 1 0- 3 force (N)  shear ( mm) 
kPa 

35 1 . 1 10 . 6  4 . 3  36 . 2  

2 80 . 5  4 . 3  26 . 2  

3 48 . 6  6 . 0 3 3 . 0  

4 7 8 . 7  2 . 6 29 . 4  

70 1 9 3 . 1 2 . 6 1 6 . 0  

2 49 . 3  3 . 0  1 2 . 2  

3 76 . 0  4 . 8 1 4 . 5  

4 66 . 4  0 . 8  1 3 . 7  

HRH 

Chi s e l  0 1 1 2 5 . 0  4 . 3  5 . 1  

2 1 2 1 . 4  5 . 1  4 . 9 

3 1 28 . 1  3 . 7  6 . 0  

4 1 1 8 . 3  5 . 7 4 . 0 

35 1 1 30 . 0  3 . 6 2 . 4  

2 1 34 . 0 4 . 0 2 . 6  

3 1 3 7 . 2  1 . 8 3 . 5  

4 1 2 6 . 8  5 . 8 1 . 5 

7 0  1 1 4 7 . 9  4 .  7 1 . 9 

2 1 45 . 1  2 . 6  3 . 1  

3 1 50 . 3  4 . 7 2 . 7  

4 1 4 2 . 5  6 . 8 2 . 3  

Hoe 0 1 1 30 . 5  7 . 1  1 6 . 3  

2 109 . 5  2 . 9 1 2 . 3  

3 95 . 0  6 . 5 1 5 . 1  

4 1 4 5 . 0  3 . 5  1 3 . 5  

3 5  1 9 1 . 0  5 . 0 1 . 9 

2 9 1 . 4 6 . 2 3 . 1  

3 1 0 1 . 1  5 . 3  2 . 9 

4 8 1 . 3  5 . 9 2 . 1  



AEEendi x  4 b  contd . 

Coul ter Pres s ur e  Energy Expended Max imum P enetration D i s tance o f  

Type I n tens i ty Nm X 1 0- 3 force ( N) shear (mm) 
kPa 

7 0  1 1 1 6 . 5  1 2 . 0  5 . 1  

2 1 10 . 7  10 . 0  4 . 9 

3 1 2 2 . 6  1 1 . 5  6 . 5 

4 1 04 . 6  10 . 5  3 . 5  

Triple D i s c  0 1 6 2 . 6  2 . 5  6 . 1  

2 4 1 . 4  2 .  1 6 . 3  

3 5 3 . 0  1 . 3  5 . 0 

4 5 1 . 0  3 . 3  7 . 4 

3 5  1 8 3 . 2  4 . 5  20 . 0  

2 8 3 . 2  4 .  1 2 1 . 4  

3 9 4 . 1  5 . 3  2 1 ; 7  

4 7 2 . 3  3 . 3  1 9 . 7  

7 0  1 1 0 5 . 9  5 . 6  2 . 0  

2 9 9 . 1  6 . 0  3 . 0 

3 1 2 3 . 3  4 . 7  1 . 0 

4 82 . 3  6 . 9  2 . 0 



APPENDIX 4c 

The effec t  o f  coul ter types , pressure application and ambien t  relative humidi ty on the in-groove soil temperature 

at ambien t  day and night temperatures of 22°C and 1 8°C respec tively . 

Coul ter types Pressure  Days from Sowing Days from sowing 
Intens ity 

kPa 4 9 1 2  1 5  He an 4 9 1 2  1 5  Mean 
Day Temperature C 

0 
Day Tempera ture C 

0 

HRH LRH 

Chisel coul ter 0 24 . 3  24 . 4 3  24 . 68 24 . 68 24 . 5  2 2 . 1 5  2 2 . 5  2 2 . 5 3 2 2 . 65 2 2 . 4  

3 5  24 . 3  24 . 1 7 24 . 4 3  24 . 55 24 . 3  22 . 7 8 23 . 1 6 23 . 03 23 . 03 23 . 0  

7 0  24 . 05 24 . 4 3  24 . 55 24 . 6 8 24 . 3  22 . 1 5 2 2 . 7 8 23 . 1 6 23 . 03 2 2 . 7  

Hoe 0 24 . 3  24 . 8 1  25 . 06 2 5 . 1 9 24 . 8  2 2 . 9 1  23 . 1 6 22 . 9 1  2 2 . 7 8 22 . 9  

35 24 . 3  24 . 4 3 34 . 8 1  24 . 8 1 24 . 5  2 2 . 5 3 2 2 . 4  22 . 53 2 2 . 7 8  22 . 5  

7 0  24 . 4 3 24 . 8 1  25 . 06 2 5 . 1 9 24 . 8  2 2 . 1 5 22 . 2 7 22 . 5 3 2 2 . 6 5  2 2 . 4  

Triple disc 0 24 . 05 24 . 3  24 . 5 5 24 . 8 1  24 . 4  24 . 6 8 24 . 8 1  25 . 06 25 . 1 9 24 . 9  

35  24 . 5 5 24 . 68 24 . 8 1 2 5 . 06 24 . 7  23 . 29 24 . 0 5  24 . 3  24 . 4 3  23 . 9  

7 0  24 . 05 24 . 3  24 . 4 3 24 . 4 3  24 . 3  23 . 54 24 . 1 7 24 . 5 5 24 . 8 1  24 . 9  

Nizh t Temperature 

Chsel coul ter 0 2 1 . 89 2 2 . 2 7 2 2 . 0 2 2 2 . 6 5  2 2 . 1  2 1 . 0 1  2 1 . 26 20 . 7 6 2 1 . 7 7 2 1 . 1 . 

3 5  2 1 . 7 7 2 2 . 2 7 2 2 . 1 5 2 2 . 7 8 2 2 . 2  20 . 6 3 2 1 . 0 1  20 . 5  2 1 . 64 20 . 9  

7 0  2 2 . 0 2 2 2 . 4  2 2 . 02 2 2 . 6 5 2 2 . 2  20 . 88 2 1 . 1 4 20 . 6 3  2 1 . 7 7 2 1 . 0  

Hoe 0 2 2 . 2 7 2 2 . 4  2 2 . 2 7 2 2 . 7 8 22 . 4  20 . 5  2 1 . 1 4 20 . 88 2 1 . 39 20 . 9  



AEpendix 4c contd 

Coulter types Pressure Days from Sowing Days f rom sowing 
Intensi ty 4 9 1 2  1 5  Nean 4 9 1 2  -_ 1 5 Mean 

kPa 
HRH LRH 

35  2 2 . 27 2 2 . 53 22 . 4 23 . 1 6 2 2 . 5  20 . 88 2 1 . 1 4 2 1 . 0 1  2 1 . 39 2 1 . 2  

70  2 2 . 65 2 2 . 4  22 . 1 5 23 . 03 2 2 . 5  2 1 . 39 2 1 . 52 2 1 . 26 22 . 02 2 1 . 5  

Triple Disc 0 2 1 . 89 2 2 . 1 5 2 1 . 7 7 22 . 6 5 2 2 . 0  2 1 . 0 1  2 1 . 39 2 1 . 1 4 2 1 . 64 22 . 2  

35 22 . 1 5 22 . 02 2 1 . 7 7 22 . 5 3 22 . 0  2 1 . 0 1 2 1 . 52 2 1 . 1 4 2 1 . 89 2 1 . 4  

70  2 1 . 7 7 22 . 27 2 1 . 89 2 2 . 7 8 22 . 1  20 . 88 2 1 . 39 2 1 . 0 1  2 1 . 64 2 1 . 2  

• 



APPENDIX 5 .  

(a)  

Spec i f ic a t ions o f  expe r imen t I ( b )  

Da t e  o f  e xperimen t 

Type o f  exper iment 

Coul ter type used 

S pec i es s own 

S eed germina tion po t e n t i al 

Nominal s ow ing dep th 

Nominal sowing spac ing 

Dr i l l ing s p eed 

G roove cover ing trea tments 

Soil  type 

Ini tial so i l  mo i s ture  s tress 

Cond i tion of p ar en t vegeta tion 

H erb i c ides used , r a t e  and time 

of  ap p l i c a t ion 

Experimental d es ign 

Dura t ion of lapse t ime b e tween 

d r i l l ing and termina t io n  o f  

exper imen t 
C l ima t i c  cond i t ions dur ing 

exp e r imen t 

S ee d l ing emergence coun t s  

23 . 1 1 .  7 7  

Larg e  s o i l  blo cks i n  l ab o r a tory 

Ch i s el ( exper imen t a l ) , hoe and 

t r i p l e  disc cou l ters  

"Kapora" whea t 

98 . 4% (Ma s s ey Univers i ty ,  S ee d  Tec h . 

38 - 40 mm 

20 mm 

60 m / hour 

Cen tre)  

Dr i l led s eeds p r e s s ed d irec tly a t  

0? 3 5  and 7 0  kPa b e f o r e  bar harrowing 

"Manawa tu f ine sandy loam" 

S tab i l i zed to an average of 1 7% ( d . b . )  

appro xima tely a t  - 1 5  bars  

Rye gras s , mown to ground level and 

then sprayed 

Paraqua t a t  5 . 1 1 / ha + d ic amba 1 . 4 1 / ha 

in one b lank e t  spray 3 days prior 

to d r i l l i ng 

Random i s ed , compl e t e  b lo cks w i th 

4 r�p l i ca tes  ( sp l i t- p l e t )  

3 weeks 

Con trol led c l ima t i c  cond i tions 

( c l ima t e  laboratory , PPD , D . S . I . R . ) 
0 

a t  9 0 / 9 3 %  r . h .  and 2 2 / 1 8  C t emp . 

day / nigh t and 55/ 60% r . h .  and 2 2 / 1 8°C 

t emp . d ay / nigh t in  each  o f  two rooms 
r espec t ively . 

Daily seedl ing emergence unt i l  the  

termina t ion o f  expe r imen t .  



APPENDIX 5 

(b)  SEEDLING EMERGENCE RATE PERCENTAGE 

LRH regime 

Coulter Pressure Reps Days from sowing 

Type Intens i ty 5 6 7 8 9 10  1 1  1 2  1 3  14  1 5  1 6  1 7  i n  kP 

Chisel 0 1 - 2 . 2  2 . 2  1 5 . 4  24 . 2  26 . 4  28 . 6  30 . 8  30 . 8  30 . 8  30 . 8  30 . 8  30 . 8  

coul ter 2 - - 24 . 2  4 1 . 8  54 . 8  6 2 . 0  66 . 0  70 . 4  75 . 8  75 . 8  7 5 . 8  75 . 8  75 . 8  

3 - - 26 . 4  26 . 4  28 . 5  55 . 0  59 . 4  59 . 4  62 . 2  62 . 2  6 2 . 2  62 . 2  62 . 2  

4 2 . 2  1 5 . 4  1 7 . 6  33 . 0  37 . 4  39 . 6  39 . 6  39 . 6  4 2 . 2  4 2 . 2  4 2 . 2  4 2 . 2  4 2 . 2  

Mean 0 . 55 4 . 4 1 7 . 6  29 . 15 36 . 25 45 . 75 48 . 4  50 . 05 5 2 . 7 5 5 2 . 75 5 2 . 75 5 2 . 7 5 5 2 . 75 

35 1 - - 6 . 6  8 . 8  1 3 . 2  1 3 . 2  1 5 . 4  1 5 . 4  1 7 . 6  1 7 . 6  1 7 . 6  1 7 . 6  1 7 . 6  

2 - 2 . 2  8 . 8  26 . 4  33 . 0  44 . 0  44 . 0  46 . 2  50 . 6  50 . 6  50 . 6  50 . 6  50 . 6  

3 6 . 6 1 4 . 4  24 . 2  3 1 . 1  37 . 4  44 . 0  5 5 . 0  5 5 . 0  50 . 50 60 . 6  60 . 0  60 . 0  60 . 0  

4 - 1 1 , 0 1 7 , 6  26 . 4  33 . 0  35 . 2  39 . 6  4 2 . 8  46 . 2  46 . 2  48 . 8  48 . 8  48 . 8  

mean 1 . 6 5  6 . 9 1 4 . 3  23 . 1 7 29 . 1 5 34 . 1  38 . 5  39 . 85 43 . 7 5 43 . 75 44 . 25 44 . 25 44 . 2  

70  1 - - 6 . 6 8 . 8  1 5 . 4  1 5 . 4  1 5 . 4  1 5 . 4  1 7 . 6  1 7 . 6  1 7 . 6  1 7 . 6  1 7 . 6  

2 - 6 . 6  1 9 . 8  40 . 4  5 5 . 0  64 . 8  66 . 0  66 . 0  7 1 . 0  7 1 . 0  7 1 . 0 7 1 . 0 7 1 . 0  

3 6 . 6  1 9 . 8  28 . 6  33 . 0  3 3 . 0  37 . 6  39 . 6  44 . 4  44 . 4  44 . 4  44 . 4  44 . 4  44 . 4  

4 - 2 2 . 2  33 . 3  33 . 3  35 . 2  39 . 6  39 . 6  44 . 4  44 . 4  46 . 6  5 1 . 1  5 1 . 1  5 1 . 1  

Mean 1 . 6 5  1 2 . 1  22 . 07 28 . 87 34 . 65 39 . 3  4 0 . 1 5 4 1 . 35 44 . 35 44 . 9  46 . 02 46 . 02 46 . 0  



AEEendix 5b 

Hoe coulter Pressure Reps 
intensi ty 

in kP 
- � -- - - -- . - - -

0 

Mean 

35 

Mean 

7 0  

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

- - - - - - - - - - - � -- -

5 6 7 8 

- 2 . 2  8 . 8  1 3 . 3  

- 4 . 4  1 1 . 1  1 5 . 5  

- 6 . 6  8 . 8 8 . 8  

- 2 . 2  6 . 6  8 . 8  

- 3 . 85 0 . 82 1 1 . 6 

- - 1 1 . 1  1 9 . 9  

- 6 . 6 1 3 . 3  24 . 4  

- - 8 . 8  1 3 . 3  

6 . 6  8 . 8  1 3 . 3  2 2 . 2  

1 . 6 5  3 . 85 1 1 . 6 2  1 9 . 4  

- 6 . 6  24 . 4  44 . 4  

- 2 . 2  8 . 8 1 5 . 5  

- 2 . 2  4 . 4 1 7 . 7  

2 . 2  4 . 4 1 5 . 5  1 9 . 9  

0 . 5 5 3 . 8 5  1 3 . 27 24 . 3 7  

Days from sowing 

. - - - - - - . -- - - . - - . - .  -· - - - - --- - - -

9 1 0  1 1  1 2  1 3  

1 9 . 9 1 9 . 9  2 2 . 2  2 2 . 2  2 2 . 2 

1 7 . 7  1 9 . 9  2 2 . 2  2 2 . 2  24 . 4  

8 . 8 1 5 . 5  1 7 . 7 1 7 . 2 20 . 0  

1 1 . 1  1 3 . 3  1 3 . 3  1 7 . 7  20 . 0  

1 4 . 37 1 7 . 1 5 1 8 . 85 1 9 . 9 5 2 1 . 6 5  

1 9 . 9  2 2 . 2  2 6 . 6  28 . 8  3 1 . 1  

24 . 4  3 3 . 3  3 5 . 5  3 7 . 7  3 7 . 7  

2 2 . 2  24 . 4  3 3 . 3  3 3 . 3  39 . 9  

3 7 . 7  4 2 . 2  44 . 4  4 4 . 4  4 4 . 4  

26 . 05 30 . 5 2 34 . 9 5 36 . 05 38 . 27 

59 . 9  66 . 6  7 7 . 7  7 9 . 9  7 9 . 9  

1 7 . 7  24 . 4  2 6 . 6  28 . 8  3 1 . 1  

1 9 . 9  2 2 . 2  2 2 . 2  2 2 . 2  24 . 4  

3 1 . 1  3 3 . 3  3 3 . 3  3 5 . 5  3 5 . 5  

3 2 . 1 5 3 6 . 6 2  39 . 9 5 4 1 . 6  4 2 . 7 2 

-

1 4  1 5  

2 2 . 2  2 2 . 2  

24 . 4  24 . 4  

20 . 0  20 . 0  

20 . 0  20 . 0  

2 1 . 6 5 2 1 . 6 5  

3 5 . 5  3 5 . 5  

3 7 : 7  3 7 . 7  

39 . 9  39 . 9  

44 . 4  44 . 4  

39 . 37 39 . 3 7 

80 . 0  80 . 0  

3 1 . 1  3 3 . 3  

24 . 4  26 . 6  

3 5 . 5  3 5 . 5  

4 2 . 7 2 4 3 . 8 5  

. - - · ·- ·  - - -

1 6  

2 2 . 2  

24 . 4  

20 . 0  

20 . 0  

2 1 . 6 5  

3 5 . 5  

3 7 . 7  

39 . 9  

44 . 4  

39 . 37 

80 . 0  

3 3 . 3  

26 . 6  

3 5 . 5  

4 3 . 85 

1 7  

2 2 . 2  

24 . 4  

20 . 0  

20 . 0  

2 1 . 6 5 

3 5 . 5  

3 7 . 7  

39 . 9  

4 4 . 4  

39 . 3  

80 . 0  

3 3 . 3  

26 . 6  

3 5 . 5  

4 3 . 85 



AJ2pendix 5b 

Triple Disc Pressure Reps Days from sowing 

Coul ter intensi ty 
in kP 5 6 7 8 9 1 0  1 1  1 2  1 3  14  15  1 6  1 7  

0 1 - - - - - - - - - - 2 . 2  2 . 2  2 . 2  

2 - - 4 . 4 8 . 8  8 . 8  8 . 8  1 3 . 3  1 3 . 3  1 3 . 3  1 7 . 7  1 7 . 7  1 7 . 7  1 7 . 7  

3 - - - 2 . 2  2 . 2  4 . 4  4 . 4  4 . 4  4 . 4 4 . 4 4 . 4 4 . 4 4 . 4 

4 - - 2 . 0  2 . 2  2 . 2  2 . 2  2 . 2  2 . 2  2 . 2  4 . 4 4 . 4 4 . 4 4 . 4 

Mean - - 1 . 6 3 . 3  . 3 . 3  3 . 85 4 . 9 7  4 . 9 7  4 . 97 6 . 6 2 7 . 1 7  7 . 1  7 . 1  

35 1 4 . 4 4 . 4 1 3 . 3  1 7 . 7  24 . 4  39 . 9  44 . 4  46 . 6  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  

2 - - 4 . 4 8 . 8  8 . 8  8 . 8  1 3 . 3  1 7 . 7  1 9 . 9  20 . 0  20 . 0  20 . 0  20 . 0  

3 - 2 . 2  2 . 2  8 . 8  1 3 . 3  1 5 . 5  1 9 . 9  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  

4 - - 2 . 2  8 . 8  1 1 . 1  1 1 . 1  1 1 . 1  1 1 . 1  1 3 . 3  1 3 . 3  1 3 . 3  1 3 . 3  1 3 . 3  

1 . 1  1 . 65  5 . 52 1 1 . 02 1 4 . 4  1 8 . 82 2 2 . 1 7 23 . 85 26 . 07 26 . 1  26 . 1  26 . 1  26 . 1  

70  1 - - 6 . 6  1 1 . 1  1 3 . 3  2 2 . 2  28 . 8  3 1 . 1  35 . 5  35 . 5  35 . 5  35 . 5  35 . 5  

2 - - 2 . 2  4 . 4 8 . 8  1 1 . 1  1 3 . 3  24 . 4  37 . 7  42 . 2  4 2 . 2  4 2 . 2  4 2 . 2  

3 - - 2 . 2  6 . 6  6 . 6  8 . 8  8 . 8  8 . 8  1 1 . 1  1 1 . 1  1 1 . 1  1 1 . 1  . 1 1 . 1  

4 - - 2 . 2  6 . 6  8 . 8  1 3 . 3  1 3 . 3  1 7 . 7  22 . 2  22 . 2  24 . 4  24 . 4  24 . 4  

3 . 3  7 . 1 7  9 . 37 1 3 . 85 1 6 . 05 20 . 5  26 . 6 2  27 . 75 28 . 3  28 . 3  28 . 3  



�endix 5b 

HRH regime 

Chisel coulter 

Pressure Reps Days from sowing 
Intensi ty 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

in kP 

0 1 - 37 . 7  59 . 9  79 . 9  82 . 2  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  

2 - 1 5 . 5  1 7 . 7  28 . 8  28 . 8  33 . 3  35 . 5  39 . 9  39 . 9  40 . 0  40 . 0  40 . 0  40 . 0  

3 - 2 . 2  28 . 8  35 . 5  44 . 4  66 . 6  66 . 6  68 . 8  68 . 8  68 . 8  68 . 8  68 . 8  68 . 8  

4 2 . 2  1 1 . 1  24 . 4  26 . 6  5 1 . 5  55 . 5  55 . 5  55 . 5  55 . 5  57 . 7  5 7 . 7  57 . 7  57 . 7  

Mean 0 . 55  4 1 . 6  32 . 7  42 . 7  5 1 . 7 2 6 1 . 05 6 1 . 6  62 . 7  6 3 . 25 6 3 . 82 6 3 . 82 63 . 82 63 . 82 

35 1 - 1 5 . 5  22 . 2  3 1 . 1  35 . 5  39 . 9  4 1 . 1  4 1 . 1  4 1 . 1  4 1 . 1  4 1 . 1  4 1 . 1  4 1 . 1  
I 

2 - 44 . 4  7 2 , 2  7 2 , 2  7 2 , 2  7 2 . 2  88 . 8  93 . 9 3  95 . 5  95 . 5  9 5 . 5  95 . 5  95 . 5  

3 6 .-6 1 7 . 7  28 . 8  39 . 9  48 . 8  59 . 9  62 . 6  66 . 6  66 . 6  66 . 6  66 . 6  66 . 6  66 . 6  

4 - 4 . 4  22 . 2  28 . 8  3 1 . 1  35 . 5  37 . 7  37 . 7  39 . 9  39 . 9  42 . 2  42 . 2  42 . 2  

Mean 1 . 65  20 . 5  3 1 . 35 43 . 0  46 . 9  5 1 . 87 5 7 . 27 59 . 83 60 . 7 7 60 . 77 6 1 . 25 6 1 . 35 6 1 . 3  

7 0  1 - 24 . 4  39 . 9  88 . 8  9 1 . 1  9 3 . 3  9 3 . 3  9 7 . 7  97 . 7  9 7 . 7  9 7 . 7  9 7 . 7  9 7 . 7  

2 - 24 . 4  48 . 8  6 2 . 2  72 . 2  75 . 5  75 . 5  7 5 . 5  7 5 . 5  7 7 . 7  7 7 . 7  7 7 . 7  7 7 . 7  

3 2 . 2  4 . 4 33 . 3  37 . 7  44 . 4  48 . 8  53 . 3  79 . 9  79 . 9  8 1 . 1  84 . 4  84 . 4  84 . 4  

4 1 1 . 1  1 5 . 5  3 1 . 1  3 1 . 1  33 . 3  35 . 5  37 . 7  39 . 9  44 . 4  46 . 6  46 . 6  46 . 6  46 . 6  

Mean 3 . 27 1 7 . 1 7 38 . 27 54 . 9 5  60 . 25 6 3 . 27 64 . 9 5  7 3 . 25 74 . 37 75 . 77 7 6 . 6  7 6 . 6  76 . 6  



AEEendix 5b 

Hoe coulter Pressure Reps Days from sowing 
intensity 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

in kP 

0 1 - 6 . 6 1 7 . 7  22 . 2  24 . 4  28 . 8  28 . 8  3 1 . 1  35 . 5  35 . 5  35 . 5  35 . 5  35 . 5  

2 - 6 . 6  6 . 6  8 . 8  1 7 . 7  2 2 . 2  33 . 3  33 . 3  33 . 3  33 . 3  33 . 3  33 . 3  33 . 3  

3 2 . 2  6 . 6  8 . 8  8 . 8  8 . 8  1 5 . 5  1 5 . 5  1 7 . 7  1 7 . 7  20 . 0  20 . 0  20 . 0  20 . 0  

4 4 . 4  4 . 4  1 7 . 7  1 7 . 7  1 7 . 7  22 . 2  2 2 . 2  22 . 2  2 2 . 2  22 . 2  2 2 . 2  22 . 2  22 . 2  

1 . 65 6 . 05 1 2 . 7  1 4 . 37 1 7 . 1 5 2 2 , 1 7 24 . 95 26 . 07 2 7 . 1 7 2 7 . 75 2 7 . 75 27 . 75 2 7 . 7  

35 1 - 1 1 . 1  1 9 . 9  28 . 8  35 . 5  44 . 4  5 1 . 0  53 . 3  59 . 9  62 . 2  62 . 2  6 2 . 2  6 2 . 2  

2 - 6 . 6  26 . 6  55 . 5  64 . 4  66 . 6  66 . 6  68 . 8  7 7 . 7  7 7 . 7  7 7 . 7  7 7 . 7  7 7 . 7  

3 1 1 . 1  1 9 . 9  3 1 . 1  35 . 5  46 . 6  44 . 4  57 . 7  6 2 . 2  6 2 . 2  6 2 . 2  6 2 . 2  6 2 . 2  62 . 2  

4 8 . 8  1 3 . 3  1 5 . 5  3 1 . 1  44 . 4  5 1 . 0  53 . 3  62 . 2  62 . 2  62 . 2  6 2 . 2  62 . 2  62 . 2  

4 . 9 7 1 2 . 7 2 23 . 27 37 . 7 2 4 7 . 7 2 5 1 . 6 5 7 . 1 5 6 1 . 6 2  6 5 . 5  66 . 07 66 . 0 7  66 . 07 66 . 0  

70  1 - 1 1 . 1  3 1 . 1  5 1 . 0 59 . 9  64 . 4  7 7 . 7  79 . 9  82 . 2  82 . 2  82 . 2  82 . 2  82 . 2  

2 - 6 . 6  22 . 2  39 . 9  5 7 . 7  64 . 4  66 . 6  68 . 8  7 1 . 1  7 5 . 5 . 80 . 0  80 . 0  80 . 0  

3 1 5 . 5  3 1 . 1  4 2 . 2  5 1 . 0  55 . 5  59 . 9  7 7 . 7  84 . 4  84 . 4  84 . 4  84 . 4  84 . 4  84 . 4  

4 1 3 . 3  26 . 6  33 . 3  44 . 4  46 . 6  62 . 2  62 . 2  6 2 . 2  6 2 . 2  6 2 . 2  6 2 . 2  6 2 . 2  6 2 . 2  

7 . 2  1 8 . 85 2 2 . 7  46 . 57 54 . 9 2 6 2 . 7 2 7 1 . 05 7 3 . 82 74 . 9 7 7 6 . 02 7 7 . 2  7 7 . 2  7 7 . 2  



AEEendix 5b 

Triple Pressure 

D '  C l t  intensi ty 1sc ou er 
in kP 

0 

35 

70 

Reps 

5 

1 -

2 -

3 -

4 -

1 -

2 -

3 -

4 -

1 -

2 -

3 -

4 -

6 7 

- -

- -

- -

- -

6 . 6  1 5 . 5  

2 . 2  4 . 4 

4 . 4  1 1 . 1  

- -

3 . 3  7 . 75 

4 . 4  1 5 . 5  

2 . 2  8 . 8  

- 2 . 2  

- -

1 . 65  6 . 6 2  

Days from sowing 

8 9 1 0  1 1  

- 2 . 2  6 . 6  8 . 8  

- 1?. . 2  6 . 6 8 . 8  

2 . 2  2 . 2  2 . 2 2 . 2  

- - 4 . 4 4 . 4 

0 . 55 1 . 65  4 . 95  6 . 05 

1 3 . 3  1 5 . 5  1 7 . 7  28 . 8  

4 . 4 6 . 6 6 . 6 8 . 8  

1 1 . 1  1 3 . 3  2 2 . 2  2 2 . 2  

- 2 . 2  4 . 4 4 . 4 

7 . 75 9 . 4 1 2 . 7 2 1 6 . 05 

24 . 4  3 1 . 1  33 . 3  35 . 5  

22 . 2  3 1 . 1  3 5 . 5  3 7 . 7  

4 . 4 4 . 4  6 . 6 6 . 6  

- - 2 . 2  1 1 . 1  

1 2 . 75 1 6 . 65 1 0 . 4  2 2 . 7 2 

1 2  1 3  14  1 5  1 6  1 7  

8 . 8  8 . 8  8 . 8  8 . 8  8 . 8 8 . 8  

1 1 . 1  1 1 . 1  1 1 . 1  1 1 . 1  1 1 . 1  1 1 . 1  

2 . 2  2 . 2  2 . 2  2 . 2  2 . 2  2 . 2  

4 . 4 4 . 4 4 . 4 4 . 4 4 . 4 4 . 4 

6 . 6 2 6 . 62 6 . 62 6 . 6 2  6 . 62 6 . 6  

38 . 3  3 7 . 7  37 . 7  37 . 7  37 . 7  3 7 . 7  

8 . 8 8 . 8  1 1 . 1  1 1 . 1  1 1 . 1  1 1 . 1  

33 . 3  35 . 5  35 . 5  37 . 7  37 . 7  37 . 7  

6 . 6  6 . 6  6 . 6  6 . 6  6 . 6 6 . 6 

20 . 5  22 . 1 5 2 2 . 7 2 23 . 25 23 . 25 23 . 2  

39 . 9  39 . 9  40 . 0  40 . 0  40 . 0  40 . 0  

42 . 2  4 2 . 2  42 . 2  42 . 2  42 . 2  4 2 . 2  

6 . 6  6 . 6  8 . 8  8 . 8 8 . 8  8 . 8  

1 5 . 5  1 5 . 5  1 7 . 7  1 7 . 7  20 . 0  20 . 0  

26 . 05 26 . 05 2 7 . 1 7 2 7 . 1 7 2 7 . 75 2 7 . 7  



Relative 

humidi ty 

regimes 

LRH 

HRH 

Caul ter ·types 

Chisel 

Hoe 

Triple Disc 

Chisel 

Hoe 

APPENDIX 5 ( c) 

Temperature measurement in d irect drilled grooves (C0) 

Reps Days from drilling 

3 6 

Day Night Day Night Day 

1 2 2 . 5  1 9 . 7  23 . 5  22 . 5  25 . 0  

2 22 . 7  19 . 5  25 . 0  22 . 7  25 . 0  

3 2 1 . 8  1 9 . 7  25 . 7  2 2 . 5  25 . 7  

1 2 2 . 0  1 9 . 9  24 . 9  2 2 . 7  25 . 0  

2 2 1 . 5  19 . 7  23 . 7  22 . 7  25 . 0  

3 22 . 7  1 9 . 9  25 . 0  25 . 0  25 . 5  

1 22 . 7  1 9 . 2  25 . 3  22 . 0  25 . 0  

2 2 2 . 7  1 9 . 5  25 . 0  22 . 5  25 . 7  

3 22 . 7  19 . 7  25 . 0  2 2 . 5  25 . 0  

1 24 . 5  1 9 . 5  26 . 6  1 9 . 9  25 . 5  

2 24 . 7  1 9 . 5  25 . 7  20 . 2  24 . 0  

3 24 . 2  1 9 . 2  25 . 5  19 . 7  26 . 3  

1 24 . 0  1 9 . 4  24 . 0  20 . 8  25 . 0  

2 24 . 0  1 9 . 2  24 . 0  2 1 . 0  25 . 0  

3 24 . 7  1 9 . 4  24 . 0  20 . 8  25 . 7  

9 

Night 

22 . 7  

22 . 7  

22 . 7  

24 . 0  

24 . 0  

24 . 0  

25 . 0  

25 . 0  

2 2 . 5  

2 1 . 5  

2 2 . 0  

2 1 . 7  

2 1 . 0  

20 . 8  

2 1 . 0  



Appendix 5 ( c ) 

Relative humidi ty 

regimes Coulter types Reps 

Triple d isc 1 

2 

3 

3 
Day Night 

2 2 . 7  

25 . 3  

24 . 0  

1 9 . 2  

1 8 . 7  

1 8 . 9  

Day 

25 . 3  

26 . 0  

25 . 2  

Days from drilling 

6 9 
Nigh t Day Nigh t 

1 9 . 9  25 . 0  2 1 . 5  

19 . 9  25 . 7  2 1 . 5  

20 . 2  25 . 7  2 1 . 0  



APPENDIX 6 

(a) Specifica tions o f  Experiment 2 (a) 

Da te of  experiment 

Type of exper iment 

Coul ter types used 

Species sown 

Seed germination po tential 

Nominal sowing dep th 

Drill ing speed 

Groove covering trea tments 

Soil type 

Ini tial soil mois ture stress 

Cond i t ion of parent vege ta tion 

Herbic ides used , rate  and time 

of application 

Experimen tal des ign 

Dura tion of lapse time between 

drill ing and termina tion of  

experiment 

Climatic cond itions dur ing 

experimen t 

Seedl ing emergence counts 

1 . 7 . 1 9 7 7  

Large soil  blocks i n  labora tory 

Chisel ( experimental) , hoe and 

triple d isc coul ter 

"Kapora" whea t 

98 . 4% (Massey University Seed Tech . 

Centre) 

38 - 40  mm 

60 m/ hour 

Dr illed seeds pressed over the 

grooves a t  0, 3 5 ,  70 kPa respec tively 

af ter bar harrowing 

"Manawa tu fine sandy loam" 

S tab ilized to an average of  4 5% (d . b . )  

approxima tely a t  -0 . 2  bars 

Rye grass , mown to ground level and 

then sprayed 1. 
Paraquat at 5 . 1  1/ha + dicamba 1 . 4 /ha 

in one blanke t spray 3 days prior 

to drilling 

Randomised blocks with 4 repl icates 

3 weeks (spl i t  plo t) 

Control led clima tic conditions 

(clima te laboratory , PPD , D . S . I . R . )  

a t  90/ 93% r . h . and 22/ 1 8°C temp . 

day/nigh t and 5 5 / 60% r . h .  and 

22/ 1 8°C temp . day/ nigh t in each o f  

two rooms respec tively . 

Daily seedling emergence counts 

un til the termina tion of exper iment . 



APPENDIX 6 (b )  

Seedling emergence Eercentage 

LRH Pressure Reps Days from sowing 
Intensi ty 4 5 6 7 8 9 1 0  1 1  1 2  1 3  14  1 5  1 6  

kPa 

Chisel 0 1 - 1 7 . 7  33 . 3  43 . 3  53 . 3  57 . 7  65 . 5  6 7 . 7  6 7 . 7  70  70 70  70  

coul ter 2 2 . 2  1 9 . 9  37 . 7  49 . 9  53 . 3  6 1 . 2  65 . 5  69 . 9  69 . 9  7 2  7 2  7 2  7 2  

3 - 0 4 . 0 8 . 8  1 4 . 4  1 4 . 4  1 6 . 6  1 9 . 9  3 1 . 1  3 1 . 1  3 1 . 1  3 1 . 1  3 1 . 1  

4 - 4 . 4  1 1 . 1  1 3 . 3  2 2 . 2  4 1 . 0  5 1 . 1  5 1 . 1  53 . 3  57 . 7  57 . 7  57 . 7  5 7 . 7  

Mean 0 . 55 10 . 5  2 1 . 52 28 . 82 35 . 8  38 . 87 49 . 67 52 . 15  55 . 5  57 . 7  57 . 7  57 . 7  5 7 . 7  

35  1 - 3 1 . 0  7 8 . 8  86 . 6  9 2 . 1  9 2 . 2  90 90  90  90  90 90  90  

2 - 8 . 8  37 . 7  45 . 5  59 . 9  63 . 2  65 . 5  6 5 . 5  68  68  68 68  6 8  

3 - 4 . 4 1 4 . 4  2 2 . 2  35 . 5  37 . 7  39 . 9  43 . 43 5 3 . 3  5 3 . 3  53 . 3  53 . 3  53 . 3  

4 - 6 . 6 1 6 . 6  1 6 . 6  3 1 . 1  35 . 5  43 . 3  53 . 3  55 . 5  60 60 60 60 

Mean - 1 2 . 7  36 . 87 4 2 . 7 2  54 . 65 5 7 . 15 59 . 67 6 3 . 05 66 . 7  67 . 8 2  6 7 . 82 6 7 . 82 6 7 . 8  

70 1 0 20 . 2  4 1 . 1  65 . 5  78 . 8  7 8 . 8  84 84 84 84 84 84 84 

2 4 . 4 20 . 2  3 1 . 1  43 . 3  4 7 . 7  55 . 5  58 58 58 58 58 58 58 

3 - - 2 . 2  6 . 6  1 1 . 0 24 . 4  24 . 4  24 . 4  24 . 4  24 . 4  24 . 4  24 . 4  24 . 4  

4 - 4 . 4  1 1 . 0  22 . 2  29 . 9  3 1 . 1  39 . 9  4 3 . 3  46 . 6  46 . 6  46 . 6  46 . 6  46 . 6  

Mean 1 . 1  1 1 . 2  2 1 . 35 34 . 4  4 1 . 85 4 7 . 45 5 1 . 57 5 2 . 42 5 3 . 25 53 . 25 53 . 25 5 3 . 25 5 3 . 25 



AEEendix 6 (b)  contd 

LRH Pressure Reps Days from sowing 
Intensity 

4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  kPa 

Hoe 0 1 - - 1 8 . 8  37 . 7  � 5 . 5  5 1 . 59  69 . 9  69 . 9  82 . 2  82 . 2  82 . 2  82 . 2  

coul ter 2 - 6 . 6  1 2 . 2  1 8 . 8  33 . 3  4 1 . 1  45 . 5  4 7 . 7  49 . 9  53 . 3  53 . 3  53 . 3  53 . 3  

3 - 4 . 4  37 . 7  6 1 . 1  69 . 5  74 . 4  7 7 . 7  78 . 8  82 . 0  82 . 0  82 . 0  82 . 0  82 . 0  

4 2 . 2  1 8 . 8  5 7 . 7  69 . 9  7 4 . 7  82 . 2  84 . 4  86 86 86 86 86 86 

Mean 0 . 55 7 . 45 3 1 . 6  46 . 87 55 . 85 62 . 1 7 66 . 65 7 0 . 6  7 1 . 95 7 1 . 95 7 5 . 87 7 5 . 87 7 5 . 8  

35 1 - 6 . 6  20 . 2  43 . 3  59 . 9  6 1 . 0 65 . 5  6 7 . 7  7 5 . 5  7 5 . 5  75 . 5  7 5 . 5  7 5 . 5  

2 - 4 . 4 4 . 4 6 . 6  20 . 2  33 . 3  49 . 9  49 . 9  55 . 5  60 . 0  60 60 60 

3 4 . 4 24 . 4  49 . 9  7 2 . 0  80 80 80 80 80 80 80 80 80 

Mean 1 . 1  1 4 . 95 30 46 . 3  5 8 . 87 64 . 57 69 . 85 70 . 4  7 3 . 7 5 74 . 87 74 . 87 7 4 . 87 74 . 8  

7 0  1 - 2 . 2  1 6 . 6  39 . 9  4 7 . 7  53 . 3  55 . 5  6 1 . 1  67 . 7  7 3 . 3  7 3 . 3  7 3 . 3  7 3 . 3  

2 - 2 . 2  1 2 . 2  1 8 . 8  26 . 6  4 1 . 1  55 . 5  69 . 9  69 . 9  7 5 . 5  7 5 . 5  7 5 . 5  7 5 . 5  

3 1 2 . 2  4 1 . 1  53 . 3  72 . 1  80 . 8  80 80 80 80 80 80 80 80 

Mean 3 . 05 1 9 . 1 5  34 . 9 5 50 . 7 5 59 . 3 2 64 . 7  69 . 4  74 . 25 7 5 . 9  78 . 7  7 8 . 7  7 8 . 7  7 8 . 7  



AEpendix ?(b) cont 

LRH Pressure Reps Days from sowing 
Intensi ty 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

kPa 

Triple 0 1 - - 2 . 2  4 . 4 1 0  1 8 . 8  1 8  20 . 2  20 . 2  24 24 24 24 24 24 

Disc 2 - - 2 . 2  8 . 8  1 6 . 6  20 20 . 2  2 2 . 2  2 2 . 2  24 24 24 24 24 

Coul ter 3 - 1 0  1 2 . 2  1 6 . 6  35 . 5  4 1 . 0  49 . 9  55 . 5  55 . 5  60 60 60 60 . 60 

4 - - 4 . 4 8 . 8  1 0 . 1  1 8 . 0  2 2 . 2  35 . 5  37 . 7  40  40 40 40 40  

Mean - 3 . 05 5 . 8  1 1 . 05 20 . 25 24 . 25 28 . 1 2 33 . 35 34 . 3  34 . 3  37 . 0  37 . 0  37 . 0  37 . 0  

35  1 - 2 . 2  1 0 . 1  20 . 2  35 . 5  37 . 7  49 . 9  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  

2 - - 8 . 8  8 . 8  1 4 . 4  14 . 9  1 9 . 9  1 8 . 0  20 24 24 24 24 24 

3 - 2 . 2  4 . 4  6 . 6  1 0  24 . 4  37 . 7  4 1 . 1  4 7  48 48 48 48 48 

4 - 6 . 6  1 4 . 4  3 1 . 1  37 . 7  39 . 9  43 . 3  55 . 5  55 . 5  55 . 5  60 60 60 60 

Mean - 9 . 42  1 6 . 6 7  24 . 4  29 . 22 37 . 7  4 1 . 42 43 . 4  44 . 65 45 . 7 7  45 . 7 7 45 . 7 7  45 . 7 7 45 . 77 

70  1 - - 1 8 . 8  37 . 7  53 . 3  6 1 . 1  67 . 7  69 . 9  69 . 9  7 0  7 0  70 70  70  

2 - 4 . 4  1 2 . 2  2 2 . 2  30 30 30 30 30 30 30 40 30 30 

3 - - 4 . 4  1 0 . 0  1 6 . 6  20 . 2  3 1 . 1  3 7 . 7  40 40 40  40 40 40 

4 - 2 . 2  4 . 4 8 . 8  1 4 . 4  2 2 . 2  3 1 . 1  3 1 . 1  35 . 5  37 . 1  37 . 7  37 . 7  37 . 7  37 . 7  

Mean - 1 . 65 9 . 95 1 9 . 67 28 . 5 7 33 . 37 39 . 9 7  4 2 . 1 7  43 . 85 44 . 42 44 . 4 2  44 . 42 44 . 42 44 . 4  



AEEehdix 6 (b) contd 

HRH Pressure Reps Days from sowing 
Intensi ty 4 5 6 7 8 9 1 0  · u  1 2  1 3  1 4  1 5  1 6  

kPa 

Chisel 0 1 - 4 . 4  1 0 . 1  22 . 2  3 1 . 1  39 . 9  4 1 . 1  42 . 2  4 2 . 2  42 . 2  4 2 . 2  42 . 2  4 2 . 2  

coulter 2 "  - 4 . 4 6 . 6 1 6 . 6  26 . 6  35 . 5  37 . 7  37 . 7  4 2 . 2  48 . 8  48 . 8  48 . 8  48 . 8  

3 - 4 . 4  20 . 2  35 . 5  4 1 . 0  4 1 . 0  55 . 5  59 . 9  60 60 60 60 60 

4 - 1 2 . 3  26 . 6  3 1 . 1  35 . 5  43 . 2  53 . 3  55 . 5  64 64 64 64 64 

Mean - 6 . 3 7  1 5 . 87 26 . 35 33 . 5 5 3 7 . 9 7  46 . 9  48 . 82 52 . 1  53 . 75 53 . 7 5 53 . 7 5 53 . 7  

35 1 6 . 6 45 . 5  5 1 . 0  65 . 5  84 . 4  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  88 . 0  88 . 0  

2 - 8 . 8  8 . 8  1 8 . 8  35 . 5  4 1 . 1  4 7 . 7  47 . 7  57 . 7  5 7 . 7  57 . 7  57 . 7  57 . 7  

3 - 1 2 . 2  1 2 . 2  20 . 2  35 . 5  39 . 9  49 . 9  57 . 7  57 . 7  57 . 7  5 7 . 7  57 . 7  57 . 7  

4 - 2 2 . 2  37 . 7  4 7 . 7  57 . 7  69 . 9  7 2  7 2  7 2  7 2  7 2  7 2  7 2  

Mean 1 . 6 5  22 . 1 7 27 . 42 38 . 05 53 . 27 59 . 9 2 4 . 6  66 . 55 69 . 05 69 . 05 69 . 05 69 . 0 5  69 . 05 

70  1 - 2 . 2  6 . 6  1 4 . 4  2 2 . 2  33 . 3  37 . 7  4 1 . 1  46 . 6  46 . 6  46 . 6  46 . 6  46 . 6  

2 - 4 . 4  ' 4 . 4  1 6 . 6  24 . 4  3 1 . 1  4 1 . 1  53 . 3  57 . 7  57 . 7  57 . 7  57 . 7  57 . 7  

3 - 1 6 . 7  29 . 9  45 . 5  57 . 7  63 . 2  63 . 2  64 64 64 64 64 64 

4 1 0  26 . 6  4 1 . 0  4 7 . 7  7 2 . 7  80 . 0  7 8 . 0  78  7 8  7 8  7 8  7 8  7 8  

Mean 2 . 5  1 2 . 4 7  20 . 47 3 1 . 05 44 . 25 5 1 . 9  55 59 . 1  6 1 . 57 6 1 . 57 6 1 . 57 6 1 . 5 7 6 1 . 6  



AEEendix 6 (b)  contd 

HRH Pressure Reps Days f rom sowing 
Intensi ty 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  

kPa 

Hoe 0 1 - 2 2 . 2  37 . 7  53 . 3  6 1 . 1  65 . 5  6 7 . 7  69 . 9  7 2  7 2  7 2  7 2  7 2  

coul ter 2 - 10 . 1  20 . 2  37 . 7  55 . 5  55 . 5  65 . 5  69 . 9  80 80 80 80 80 

3 - 4 . 4  1 4 . 4  1 8 . 8  3 1 . 1  4 1 . 0  43 . 3  49 . 9  55 . 5  60 60 60 60 

4 - 2 . 2  4 . 4 8 . 8  22 . 2  35 . 5  37 . 7  49 . 9  49 . 9  57 . 7  57 . 7  57 . 7  57 . 7  

Mean - 9 .  7 2  1 9 . 1 7 29 . 6 5  4 2 . 47 49 . 37 53 . 55 59 . 9  64 . 35 67 . 42 67 . 42 67 . 4 2  6 7 . 4  

35  1 2 . 2  1 8 . 8  35 . 5  49 . 9  55 . 5  6 1 . 0  6 1 . 0  6 1 . 1  64 . 4  64 . 4  64 . 4  64 . 4  64 . 4  

2 - 6 . 6  6 . 6  18 . 8  35 . 5  4 7 . 7  5 1 . 1  53 . 3  53 . 3  53 . 3  53 . 3  53 . 3  53 . 3  

3 - - 1 2 . 2  22 . 2  37 . 7  4 1 . 1  5 1 . 1  59 . 9  59 . 9  62  62  62  6 2  

4 - 4 . 4  10 . 1  1 8 . 8  26 . 6  33 . 3  4 7 . 7  49 . 9  49 . 9  52  52  52 52 

Mean 0 . 55 7 . 45 1 6 . 1  27 . 4 2  38 . 82 45 . 7 7  5 2 . 7 2  56 . 02 56 . 87 57 . 9 2  57 . 9 2  57 . 9 2  57 . 9  

7 0  1 2 . 2  2 2 . 2  3 1 . 1  45 . 5  6 1 . 1  6 1 . 1  6 1 . 0 64 64 64 64 64 64 

2 4 . 4 1 4 . 4  26 . 6  43 . 3  55 . 5  6 1 . 1  63 . 0  67  6 7  68  68  68 68 

3 - 1 6 . 6  26 . 6  37 . 7  55 . 5  6 1 . 0  6 5 . 0  6 7  7 7 . 7  7 7 . 7  7 7 . 7  7 7 . 7  7 7 . 7  

4 - 2 . 2  6 . 6  1 0 . 1  29 . 9  39 . 9  43 . 3  46 . 6  46 . 6  46 . 6  46 . 6  46 . 6  46 . 6  

Mean 1 . 65 1 3 . 85 22 . 7 2 34 . 1 5 50 . 5  55 . 7 7 58 . 07 6 1 . 1 5 63 . 82 64 . 07 64 . 07 64 . 07 64 



ApEendix 6 (b )  contd . 

HRH Pressure Reps Days from sowing 
Intens i ty 

4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  16  1 7  
kPa 

Triple 0 1 - 10 . 0  1 2 . 2  1 6 . 6  35 . 5  4 1 . 1  49 . 9  5 1 . 0  55 . 5  54 . 0  54 54 54 54 

disc 2 . - - 4 . 4  8 . 8  10  1 8 . 8  22 . 2  2 7 . 7  26 . 6  26 . 6  26 . 6  26 . 6  26 . 6  26 . 6  

3 2 . 2  24 . 4  33 . 3  4 1 . 0  53 . 3  53 . 3  6 1 . 1  65 . 5  68  68  68 68 68 68  

4 10  35 . 5  59 . 9  6 7 . 7  7 2 . 2  7 8 . 8  7 8 . 8  78 . 8  78 . 8  80 80 80 80 80 

Mean 3 . 05 1 7 . 4 7  2 7 . 45 33 . 5 2 4 2 . 7 5 48 60 . 5  55 . 7 5 5 7 . 22 57 . 1 5 57 . 1 5 57 . 1 5 57 . 1 5 57 . 1  

35 1 - 2 . 2  4 . 4  6 . 6 1 0  24 . 4  27 . 7  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  

2 - 6 . 6  1 4 . 4  3 1 . 1  2 7 . 7  27 . 7  27 . 7  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  

3 - 26 . 6  49 . 9  59 . 9  65 . 5  67 . 7  68 68 68 68 68  68  68  68  

4 - 28 . 8  53 . 3  67 . 7  80 86 90 90 90  90  90  90 90 90  

Mean - 1 6 . 0 5  30 . 5  4 1 . 3 2 45 . 8  5 1 . 4 5  53 . 35 53 . 90 53 . 90 53 . 90 53 . 90 53 . 9 0  53 . 90 53 . 90 

70  1 - - 4 . 4  1 0 . 0  1 6 . 6  20 . 2  3 1 . 1  37 . 7  37 . 7  46 . 6  46 . 6  46 . 6  46 . 6  46 . 6  

2 - 2 . 2  4 . 4  6 . 6  1 4 . 4  22 . 2  22 . 2  22 . 2  22 . 2  2 2 . 2  22 . 2  22 . 2  22 . 2  22 . 2  

3 6 . 6  20 . 0  47 . 7  55 . 5  7 2 . 2  74 . 4  7 6  76  7 6  7 6  7 6  7 6  7 6  7 6  

4 4 . 4 24 . 4  35 . 5  63 . 0  65 . 5  59 . 9  74  74 74 74  74 74 74 74  

Mean 2 . 7 5 1 1 . 65 23 33 . 7 7 4 2 . 1 7 46 . 67 50 . 82 52 . 4 7  5 2 . 47 54 . 7  54 J l  54 . 7  54 . 7  54 . 7  



APPENDIX 6 ( c)  

In-Groove Moisture Content Measurement in % (d . b . )  

LRH Days from sowing 

Regime Pressure intensi ty Reps 3 6 9 1 2  1 5  

in kPa 

Coul ter types 

Chisel coul ter 0 1 35 . 5  33 . 3  34 . 6  3 1 . 9  28 . 9  

2 48 . 2  44 . 5  44 . 8  34 . 5  37 . 1  

35 1 39 . 9  37 . 7  36 . 5  32 . 1  33 . 6  

2 5 1 . 1  45 . 0  43 . 4  45 . 1  39 . 7  

70 1 40 . 0  38 . 9  37 . 8  33 . 1  32 . 8  

2 48 . 6  47 . 1  4 2 . 8  4 2 . 2  39 . 6  

Triple disc 0 1 44 . 9  44 . 0  4 2 . 5  37 . 1  38 . 5  

2 4 7 . 4  46 . 7  40 . 6  39 . 3  35 . 7  

35 1 45 . 9  47 . 9  43 . 4  4 1 . 5  37 . 2  

2 48 . 6  45 . 0  39 . 4  45 . 9  33 . 9  

70  1 39 . 5  43 . 5  39 . 3  40 . 2  32 . 8  

2 53 . 0  46 . 7  43 . 2  44 . 6  35 . 6  

Hoe 0 1 4 1 . 5  39 . 4  38 . 9  35 . 8  29 . 9  

2 43 . 5  40 . 5  43 . 2  35 . 1  36 . 9  

35 1 4 2 . 4  28 . 7  4 2 . 6  3 3 . 3  27 . 8  

2 4 2 . 2  38 . 8  40 . 5  39 . 6  39 . 4  

70 1 45 . 3  38 . 7  37 . 3  35 . 6  35 . 9  

2 43 . 1  45 . 1  4 1 . 9  43 . 8  35 . 4  



�endix 6c contd 

HRH 

Pressure intensity Reps Days from sowing 

in kPa 3 6 9 1 2  1 5  

Chisel coul ter · 0  1 48 . 8  44 . 3  43 . 6  43 . 1  3 7 . 7  

2 46 . 3  46 . 0  4 1 . 7  40 . 2  39 . 8  

35 1 45 . 5  48 . 8  42 . 8  43 . 0  4 1 . 2  

2 42 . 7  47 . 5  4 7 . 7  43 . 5  40 . 7  

70  1 4 7 . 9  46 . 7  46 . 3  46 . 9  43 . 5  

2 4 5 . 9  5 3 . 2  47 . 1  42 . 0  44 . 1  

Triple disc 0 1 46 . 4  48 . 1  44 . 1  43 . 9  39 . 5  

2 36 . 5  44 . 6  46 . 2  38 . 7  40 . 5  

35  1 48 . 4  50 . 6  48 . 3  46 . 9  40 . 8  

2 38 . 8  44 . 3  4 1 . 2  36 . 5  36 . 5  

70 1 52 . 9  48 . 4  47 . 9  44 . 5  4 1 . 4  

2 39 . 8  38 . 4  35 . 9  36 . 7  34 . 6  

Hoe coul ter 0 1 44 . 3  46 . 2  44 . 4  4 2  40 . 4  

2 37 . 9  37 . 9  39 . 7  38 . 2  37 . 8  

35  1 4 5 . 7  4 5 . 3  43 . 3  4 1 . 1  39 . 8  

2 39 . 6  44 . 2  38 . 7  8 . 6  36 . 1  

70 1 46 . 7  4 7 . 4  47 . 8  43 . 2  39 . 9  

2 40 . 1  39 : 2  39 . 4  39 . 6  37 . 7  



APPENDIX 6 (d )  

The ef fec t of coul ter tyEes and ambient condi tions on the in-groove soil temEera ture 

LRH regime 

Days from drilling 

Coul ter Reps 4 7 1 0  1 3  

tyEes Day Night Day Ni�ht Day Night Day Nigh t  

Chisel 1 1 7 . 7  1 7 . 2  1 9 . 2  1 7 . 5  1 8 . 9  1 7 . 2  1 8 . 9  1 7 . 0  

coul ter 2 1 8 . 0  1 7 . 0  1 8 . 7  1 7 . 0  1 8 . 0  1 6 . 7  1 8 . 5  1 6 . 7  

3 1 8 . 0  1 6 . 7  1 8 . 7  1 6 . 7  1 8 . 7  \D 1 7 . 0  
...... 

1 8 . 5  \D 1 6 . 9  0 groove 0 0 0 ...... . . . . . . 00 r-- 00 r--
4 1 8 . 0  

00 
1 7 . 0  

r--
1 8 . 0  0'\ 1 7 . 2  r-- 1 8 . 5  

...... 
1 7 . 2  

...... 
1 8 . 5  

...... 
1 7  . 0  ...... ...... ...... ...... ...... 

5 1 8 . 5  1 7 . 0  1 9 . 2  1 7 . 2  1 8 . 5  1 7 . 2  1 8 . 3  1 7 . 0  

6 

Triple disc 1 1 8 . 3  1 8 . 0  1 9 . 4  1 8 . 0  19 . 2  1 7 . 5  1 8 . 7  1 7 . 5  

coul ter 2 1 8 . 7  1 7 . 7  1 9 . 5  1 8 . 0  1 9 . 4  1 7 . 0  1 8 . 7  1 7 . 0  

3 1 8 . 9  1 7 . 7  1 9 . 4  1 8 . 0  1 9 . 4  1 7 . 2  1 8 . 5  1 7 . 0  
("'") ...... 0'\ ...... 

4 1 8 . 0  
\D 

1 7 . 7  
1./") 

19 . 5  1./") 
1 8 . 0  0'\ 1 9 . 4  1 7 . 2  1 8 . 9  1 7 . 0  . . . 0'\ r-- 00 r--

00 r-- 0'\ r-- ...... ...... ...... ...... 
1 8 . 7  

...... 
1 7 . 0  5 

...... 
1 9 . 7  

...... 
1 7 . 5  

...... 
19 . 2  1 7 . 0  1 9 . 2  1 7 . 0  

6 1 8 . 9  1 7 . 0  1 9 . 7  1 7 . 7  19 . 4  1 7 . 0  19 . 2  1 7 . 0  

Hoe 1 1 8 . 0  1 8 . 0  1 9 . 4  1 8 . 0  1 9 . 4  1 8 . 0  1 8 . 9  1 7 . 0  

coulter 2 1 8 . 5  1 7 . 0  1 9 . 4  1 7 . 2  1 9 . 4  1 7 . 0  1 9 . 2  1 7 . 7  

3 1 8 . 0  1 7 . 7  1 8 . 9  1 7 . 7  1 8 . 9  1 7 . 5  1 8 . 9  ...... 1 7 . 2  � ("'") � N 1./") N 1./") . 
4 1 8 . 0  

. 
1 6 . 7  

. 
1 9 . 2  

. 
1 7 . 2  1 8 . 9  

. 
1 7 . 0  

. 
19 . 2  0'\ 1 7 . 5  r--

00 r-- 0'\ r-- 0'\ r-- ...... ...... ...... ...... ...... ...... ...... ...... 
5 1 8 . 7  1 7 . 7  1 8 . 9  1 7 . 7  1 9 . 4  1 8 . 0  1 9 . 2  1 7 . 5  

6 1 8 . 3  1 7 . 2  1 9 . 4  1 7 . 5  1 9 . 2  1 7 . 5  19 . 2  1 7 . 5  
c c c c c c c c 
CO CO CO CO CO CO CO CO 
<!) <!) <!) <!) <!) <!) <!) <!) ::.:: ::.:: ::.:: ::.:: ::.:: ::.:: ::.:: ::::: 

Ambient Day = 2 2°C Night = 1 8 . 0°C 



AEpend ix 6 ( d )  con td 

HRH regime Days f rom drilling 

Coulter Reps 4 7 1 0  1 3  

types Day Night Day Nigh t  Day Nigh t  Day Nigh t  

Chisel 1 20 . 2  1 8 . 5  20 . 2  1 8 . 5  20 . 2  1 8 . 5  2 1 . 0  1 8 . 3  

coul ter 2 1 9 . 7  1 8 . 0  20 . 8  1 8 . 0  20 . 2  1 8 . 0  2 1 . 0  1 7 . 7  

3 1 9 . 4  \0 1 8 . 5  --r 1 9 . 9  C"') 1 8 . 5  N 1 9 . 0  0 1 8 . 5  C"') 20 . 5  0'\ 1 8 . 0  . 
o' 

0 0'\ 00 00 c 00 0 . 
4 1 9 . 4  ....... 1 8 . 5  ...... 20 . 2  N 1 8 . 0  - 20 . 2  N 1 8 . 2  ,....., 20 . 8  N 18 . 3  00 

...... 

5 1 9 . 4  1 8 . 7  1 9 . 9  1 8 . 5  20 . 2  1 8 . 5  20 . 8  1 8 . 0  

6 1 9 . 4  1 8 . 0  20 . 5  1 7 . 7  20 . 2  1 8 . 0  2 1 . 0  1 7 . 7  

Triple disc 1 1 9 . 7  1 8 . 0  2 1 . 0  1 8 . 3  20 . 2  1 8 . 0  2 1 . 0  1 7 . 9  

2 1 9 . 5  1 7 . 5  2 1 . 0  1 7 . 7  20 . 5  1 7 . 5  2 1 . 0  1 7 . 9  

3 1 9 . 2  1 7 . 7  20 . 8  0 1 8 . 3  20 . 5  --r 1 7 . 5  20 . 8  0'\ 1 8 . 0  r--. 0 � N 0'\ 0 
0 0 

4 1 9 . 5  0'\ 1 8 . 0  eo:.. 20 . 8  N 1 8 . 3  a5 20 . 2  N 1 8 . 2  r--. 20 . 5  N 1 8 . 0  00 
....... ....... ,.....; rl ....... 

5 1 9 . 5  1 8 . 0  2 1 . 0  1 8 . 3  20 . 2  1 8 . 0  20 . 8  1 8 . 0  

6 1 9 . 9  1 7 . 5  2 1 . 0  1 8 . 0  20 . 5  1 8 . 0  2 1 . 0  1 7 . 9  

Hoe coul ter 1 1 9 . 5  1 8 . 0  20 . 2  1 8 . 3  1 9 . 9  1 8 . 0  20 . 2  1 7 . 9  

2 1 9 . 9  1 8 . 0  20 . 5  1 7 . 7  20 . 2  1 8 . 0  20 . 5  1 8 . 0  

3 20 . 5  0'\ 1 7 . 7  ....... 2 1 . 0 If) 1 8 . 3  ....... 20 . 5  ...... 1 8 . 0  0 2 1 . 0  If) 1 7 . 7  . ' 6 
.. . 0'\ 

0'\ 00 
20 . 8  1 8 . 0  

00 
1 9 . 9  

d 
1 7 . 5  

C(l 
20 . 8  

0 
1 8 . 0  4 1 9 . 9  ....... 1 8 . 3  ....... N ...... N ....... N r--. 

....... 

5 1 9 . 4  1 8 . 3  1 9 . 9  1 8 . 0  1 9 . 9  1 8 . 2  1 9 . 9  1 8 . 0  

6 20 . 2  1 8 . 0  20 . 5  20 . 2  1 8 . 0  20 . 5  1 7 . 9  

s:: s:: s:: s:: s:: s:: I: ctl ctl ctl Cl) Cl) ctl ctl ctl ctl Cl) Cl) Cl) Cl) Cl) � � � � � � � 
Ambient Day = 22°C Nigh t = 1 8°C 



APPENDIX 7 

(a )  Specifica tions of experiment 2 (b )  

Da te o f  experiment 

Type  o f  experiment 

Coul t er type used 

Species sown 

Seed germina tion po tential 

Nominal sowing depth 

Nominal sowing spacing 

Dr illing speed 

Groove covering treatments 

Soil type 

Ini tial soil mois ture s tress 

Condi tion of  parent vege ta tion 

Herbicides used , rate and time of 

application 

Experimental des ign 

Duration of lapse time between 

dr ill ing and termina tion of  

exper iment 

Climatic conditions during 

experiment 

S eedling emergence counts 

7 

6 . 1 .  7 8  

Large soil blocks in laboratory 

Chisel ( experimental) , hoe ,  and 

triple d isc coul ters 

"Kapora" whea t 

98 . 4% (Massey Univer s i ty ,  Seed 

Tech . Centre) 

38-40 mm 

20 mm 

60 m/hour 

Dr illed seeds pressed direc tly 

at 0 , 35 and 70 kPa before bar 

harrowing 

"Manawa tu f ine sandy loam" 

S tab ili zed to an average of 45% 

(d .b . )  approximately -0 . 2  bars 

Ryegrass , mown to ground level and 

then sprayed 

Paraquat at 5 . 1 1/ha + d icamba 

1 . 4 1 /ha in one blanket spray 3 

days prior to drilling 

Randomised complete blocks wi th 

4 replicates ( split-plot)  

3 weeks 

Controlled climatic cond i tion 

(climate labora tory , PPD , DSIR) 

at 90/93% r . h and 22/ 1 8°C temp . 

day/nigh t and 55/60% r . h .  and 22/ 1 8°C 

Temp . day/night in each o f  two rooms 

r espec tively . 

Daily seedling emergence counts 

until the end of  experiments . 



APPENDIX 7 

(b)  Seedl ing Emergence Ra te Percentage 

LRH Regime 

Coul ter types Pressure Reps Days from Sowing 
Intens i ty 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  (kPa) 

Chisel coul ter 0 1 6 . 6  26 . 6  39 . 9  46 . 6  5 1 . 1  55 . 5  5 5 . 5  5 5 . 5  64 . 4  66 . 6  7 1 . 1  7 1 . 1  7 1 . 1  

2 2 . 2  1 3 . 3  24 . 2  4 1 . 1  53 . 3  5 5 . 5  5 7 . 7  62 . 2  66 . 6  68 . 8  7 3 . 3  7 3 . 3  73 . 3  

3 - 1 1 . 1  1 7 . 7  26 . 6  35 . 5  39 . 9  48 . 8  66 . 6  79 . 9  79 . 9  82 . 2  82 . 2  82 . 2  

4 2 2 . 2  26 . 6  28 . 8  5 1 . 1  5 5 . 5  6 2 . 2  66 . 6  7 9 . 9  88 . 8  88 . 8  9 1 . 1  8 1 . 1  8 1 . 1  

Mean 7 . 7 5  1 9 . 4  27 . 6 5  4 1 . 35 48 . 85 53 . 27 5 7 . 1 5 66 . 05 74 . 9 2  7 6 . 02 79 . 4 2  7 9 . 42 79 . 4 2  

3 5  0 4 . 4 1 7 . 7  22 . 2  28 . 8  33 . 3  7 1 . 0 9 3 . 3  93 . 3  93 . 3  95 . 5  95 . 5  95 . 5  95 . 5  

2 1 1 . 1  1 9 . 9  24 . 4  35 . 5  39 . 9  46 . 6  68 . 8  7 1 . 1  7 1 . 1  7 1 . 1  7 7 . 7  7 7 . 7  7 7 . 7  

3 1 9 . 9  26 . 6  28 . 8  33 . 3  39 . 9  44 . 4  55 . 5  66 . 6  86 . 6  86 . 6  88 . 8  88 . 8  88 . 8  

4 6 . 6 1 3 . 3  44 . 4  48 . 8  53 . 3  53 . 3  64 . 4  64 . 4  66 . 6  66 . 6  66 . 6  66 . 6  66 . 6  

Mean 1 0 . 5  1 9 . 37 29 . 9 5  36 . 6  4 1 . 6  53 . 8 2  70 . 5  7 3 . 85 79 . 4  7 9 . 95 82 . 1 5 82 . 1 5 82 . 1 5 

1 6 . 6  24 . 4  37 . 7  53 . 3  53 . 3  5 7 . 7  64 . 4  64 . 4  68 . 8  68 . 8  7 3 . 3  7 3 . 3  7 3 . 3  

2 1 3 . 3  24 . 4  3 1 . 1  35 . 5  37 . 7  39 . 9  44 . 4  44 . 4  53 . 3  57 . 7  60 60 60 

3 26 . 6  26 . 6  5 3 . 3  53 . 3  64 . 4  64 . 4  64 . 4  64 . 4  64 . 4  66 . 6  68 . 8  58 . 8  68 . 8  

4 - 28 . 8  33 . 3  37 . 7  4 2 . 2  48 . 8  7 3 . 3  7 3 . 3  7 3 . 3  8 1 . 1  84 . 4  84 . 4  84 . 4  

Mean 1 1 . 62 26 . 05 38 . 85 44 . 9 5  49 . 4 .  5 2 . 7  6 1 . 62 6 1 . 62 64 . 9 5  68 . 55 7 1 . 62 7 1 . 6 2  7 1 . 6 2  



AEEendix 7 (b)  

Coul ter types Pressure Reps Days from Sowing 
Intensi ty 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

(kPa) 

Hoe coul ter o .  1 1 1 . 1  26 . 6  3 1 . 1  39 . 9  44 . 4  55 . 5  53 . 3  5 7 . 7  6 2 . 2  62 . 2  6 2 . 2  6 2 . 2  62 . 2  

2 1 3 . 3  26 . 6  44 . 4  5 1 . 1  53 . 3  5 7 . 7  5 7 . 7  57 . 7  66 . 6  68 . 8  68 . 8  68 . 8  68 . 8  

3 - 4 . 4  1 1 . 1  37 . 7  4 2 . 1  44 . 4  48 . 8  48 . 8  73 . 3  73 . 3  75 . 5  7 5 . 5  75 . 5  

4 - 26 . 6  26 . 6  26 . 6  48 . 8  5 1 . 0  5 3 . 2  75 . 5  75 . 5  75 . 5  75 . 5  75 . 5  75 . 5  

Mean 6 . 1  2 1 . 05 28 . 3  38 . 82 4 7 . 15 5 2 . 1 5 53 . 25 59 . 9 2  69 . 4  69 . 95 70 . 5  7 0 . 5  70 . 5  

35  1 4 . 4 1 9 . 9  22 . 2  35 . 5  37 . 7  59 . 9  62 . 2  66 . 6  7 1 . 1  7 1 . 1  7 1 . 1  7 1 . 1  7 1 . 1  

2 1 1 . 1  28 . 8  42 . 2  53 . 3  59 . 9  6 2 . 2  6 2 . 2  66 . 6  7 5 . 5  7 7 . 7  77 . 7  77 . 7  77 . 7  

3 1 1 . 1  2 2 . 2  33 . 3  4 2 . 1  42 . 1  44 . 4  48 . 8  48 . 8  6 2 . 1  64 . 3  64 . 3  66 . 6  66 . 6  

4 26 . 6  5 1 . 0  53 . 2  55 . 5  59 . 9  6 2 . 1  6 2 . 1  6 2 . 1  6 2 . 1  6 2 . 1 6 2 . 1  6 2 . 2  62 . 2  

Mean 1 3 . 3  30 . 4 7 37 . 7 2  46 . 6  49 . 9  57 . 1 5 58 . 82 6 1 . 02 67 . 7  68 . 8  68 . 8  69 . 4  69 . 4  

70 1 6 . 6  26 . 6  3 1 . 1  44 . 4  48 . 8  50 . 0  55 . 5  6 2 . 1  68 . 8  75 . 5  75 . 5  75 . 5  75 . 5  

2 6 . 6  15 . 5  22 . 2  26 . 6  3 1 . 1  35 . 5  37 . 7  39 . 9  4 2 . 1  44 . 4  44 . 4  44 . 4  44 . 4  

3 34 . 4  55 . 5  6 2 . 1  66 . 6  7 3 . 2  7 7 . 7  82 . 1  82 . 2  82 . 2  84 . 4  84 . 4  86 . 6  86 . 6  

4 6 . 6  1 7 . 7  22 . 2  55 . 5  57 . 7  64 . 3  6 8 . 8  68 . 8  7 1 . 0 7 1 . 0  75 . 5  7 5 . 5  75 . 5  

Mean 1 1 . 05 28 . 82 34 . 4  48 . 27 52 . 7  56 . 87 6 1 . 02 6 3 . 25 66 . 02 68 . 82 69 . 95 70 . 5  70 . 5  



Appendix 7 (b )  

Coul ter types Pressure Reps 
Intens ity 

(kPa) 

Triple disc 0 1 

coul ter 2 

3 

4 

Mean 

35  1 

2 

3 

4 

Mean 

70  1 

2 

3 

4 

Mean 

5 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Days from sowing 

6 7 8 9 1 0  1 1  1 2  

- 4 . 4  6 . 6  1 1 . 1  1 3 . 3  1 1 . 1  1 5 . 5  

2 . 2  8 . 8  1 7 . 7  2 2 . 2  24 . 4  26 . 6  26 . 6  

1 7 . 7  2 2 . 2  24 . 4  26 . 6  26 . 6  25 . 5  28 . 8  

2 2 . 2  48 . 8  48 . 8  48 . 8  5 1 . 0  5 1  5 1  

1 0 . 52 2 1 . 0524 . 37 27 . 1 7 28 . 27 28 . 82 30 . 47 

4 . 4  1 1 . 1  22 . 2  26 . 6  28 . 8  3 1 . 1  3 1 . 1  

- 2 . 2  2 . 2  4 . 4  8 . 8  1 3 . 3  1 3 . 3  

1 9 . 9  33 . 3  33 . 3  39 . 9  46 . 6  46 . 6  46 . 6  

1 5 . 5  22 . 2  22 . 2  3 1 . 1  35 . 5  37 . 7  37 . 7  

9 . 9 5  1 7 . 2  19 . 9 7  25 . 5  29 . 9 2  32 . 1 7 32 . 1 7 

6 . 6  1 5 . 5  22 . 2  2 2 . 2  2 2 . 2  2 2 . 2  2 2 . 2  

2 . 2  4 . 4  6 . 6  1 1 . 1  1 3 . 3  1 3 . 3  1 3 . 3  

2 2 . 2  28 . 8  3 1 . 1  33 . 3  5 7 . 7  57 . 7  5 7 . 7  

- 2 . 2  4 . 4  6 . 6  1 1 . 1  1 3 . 3  1 9 . 9  

7 . 75 1 2 . 7 2 1 6 . 07 1 8 . 3  26 . 07 26 . 6 2  28 . 27 

1 3  1 4  1 5  1 6  1 7  

1 7 . 7  1 7 . 7  20 20 20 

26 . 6  26 . 6  26 . 6  26 . 6  26 . 6  

28 . 8  28 . 8  33 . 3  33 . 3  3 3 . 3  

53 . 2  53 . 2  5 7 . 7  57 . 7  57 . 7  

3 1 . 57 3 1 . 57 34 . 4  34 . 4  34 . 4  

33 . 3  33 . 3  35 . 5  35 . 5  35 . 5  

20 20 20 20 20 

46 . 6  46 . 6  48 . 8  48 . 8  48 . 8  

3 7 . 7  39 . 9  4 2 . 1  4 2 . 2  4 2 . 2  

34 . 4  34 . 9 5  36 . 6  36 . 6 2  36 . 6 2  

24 . 4  26 . 6  26 . 6  26 . 6  26 . 6  

1 7 . 7  2 2 . 2  22 . 2  2 2 . 2  22 . 2  

59 . 9  66 . 6  66 . 6  66 . 6  66 . 6  

2 2 . 2  26 . 6  28 . 8  28 . 8  28 . 8  

3 1 . 05 35 . 5  36 . 05 36 . 0 5  36 . 05 



AEEendix 7 (b) 

HRH regime 

Coulter types Pressure Reps Days from Sowing 
Intens ity 5 6 7 8 9 10  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

( kPa) 

Chisel coul ter 0 1 35 . 5  44 . 4  48 . 8  5 1 . 0  5 1 . 0  53 . 2  55 . 5  55 . 5  68 . 8  68 . 8  68 . 8  68 . 8  68 . 8  

2 1 9 . 9  28 . 8  4 2 . 1  5 1 . 0  5 3 . 2  53 . 2  53 . 2  64 . 3  68 . 8  68 . 8  7 3 . 3  7 3 . 3  7 3 . 3  

3 26 . 6  33 . 3  37 . 7  44 . 4  48 . 8  5 1 . 0  5 7 . 7  79 . 9  82 . 2  82 . 2  82 . 2  82 . 2  82 . 2  

4 6 . 6  13 . 3  2 2 . 2  33 . 3  39 . 9  4 2 . 2  44 . 4  46 . 6  64 . 3  64 . 3  66 . 6  66 . 6  66 . 6  

Mean 2 2 . 15 29 . 95 37 . 7  44 . 92 48 . 22 49 . 9  52 . 7  6 1 . 57 7 1 . 02 7 1 . 02 7 2 . 7 2 7 2 . 7 2 7 2 . 72 

35 1 22 . 2  3 1 . 1  44 . 4  5 1 . 0  5 3 . 2  5 3 . 2  5 1 . 0  5 3 . 2  62 . 1  66 . 6  7 1 . 1  7 1 . 1  7 1 . 1  

2 33 . 3  46 . 6  5 7 . 7  73 . 2  75 . 5  79 . 9  79 . 9  79 . 9  88 . 8  9 L 1  9 1 . 1  9 1 . 1  9 1 " 1 

3 4 . 4 8 . 8  1 3 . 3  1 7 . 7  26 . 6  33 . 3  37 . 7  46 . 6  68 . 8  68 . 8  68 . 8  68 . 8  68 . 8  

4 2 . 2  28 . 8  55 . 5  6 2 . 2  64 . 4  66 . 6  68 . 8  9 3 . 3  9 3 . 3  9 5 . 5  95 . 5  9 5 . 5  9 5 . 5  

Mean 15 . 52 28 . 82 4 2 . 72 5 1 . 02 54 . 92 58 . 25 59 . 35 68 . 25 78 . 25 80 . 5  8 1 . 6 2 8 1 . 62 8 1 . 6 2  

70  1 1 5 . 5  3 1 . 1  39 . 9  4 2 . 1  4 2 . 1  4 2 . 1  44 . 4  53 . 3  55 . 5  5 7 � 7  5 7 . 7  5 7 . 7  57 . 7  

2 1 3 . 3  26 . 6  39 . 9  48 . 8  5 3 . 2  5 7 . 7  6 2 . 2  6e . 2  6 6 . 6  66 . 6  6 8 . 8  68 . 8  6 8 . 8  

3 4 . 4 3 1 . 1  39 . 9  66 . 6  7 3 . 3  7 3 . 3  7 3 . 3  7 5 . 5  75 . 5  7 5 . 5  75 . 5  7 5 . 5  7 5 . 5  

4 24 . 4  26 . 6  5 3 . 2  57 . 7  68 . 8  68 . 8  68 . 8  9 1 . 1  88 . 8  88 . 8  88 . 8  88 . 8  88 . 8  

Mean 1 4 . 4  28 . 85 4 3 . 22 53 . 8  59 . 35 60 . 4 7  6 2 . 1 7  70 . 52 7 1 . 6  7 2 . 1 5 7 2 . 7  7 2 . 7  7 2 . 7  



Appendix 7 (b )  

Coul ter types Pressure Reps Days from Sowing 
Intensity 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  (kPa) 

Hoe coul ter 0 1 1 5 . 5  3 1 . 1  4 2 . 1  5 1 . 0  5 1 . 0  5 1 . 0 5 1 . 0  64 . 4  64 . 4  64 . 4  64 . 4  64 . 4  64 . 4  

2 26 . 6  46 . 6  59 . 9  64 . 3  66 . 6  68 . 8  68 . 8  79 . 9  7 9 . 9  82 . 2  82 . 2  82 . 2  82 . 2  

3 - 1 1 . 1  22 . 2  28 . 8  3 1 . 1  3 1 . 1  3 1 . 1  3 1 . 1  33 . 3  33 . 3  40 40 40 

4 2 . 2  33 . 3  39 . 9  44 . 4  57 . 7  59 . 9  62 . 2  6 2 . 2  68 . 8  68 . 8  68 . 8  68 . 8  68 . 8  

Mean 1 1 . 07 30 . 5 2 4 1 . 02 4 7 . 1 2 5 1 . 6  52 . 7  53 . 27 59 . 4  59 . 9 5 6 2 . 1 7 63 . 85 6 3 . 85 6 3 . 85 

35  1 37 . 7  57 . 7  59 . 9  68 . 8  68 . 8  7 1 . 0  7 1 . 0 73 . 2  7 3 . 3  75 . 5  75 . 5  7 5 . 5  75 . 5  

2 19 . 9  4 2 . 2  55 . 5  66 . 6  6 6 . 6  66 . 6  66 . 6  7 1 . 0  7 1 . 0  7 1 . 1  7 1 . 1  7 1 . 1  7 1 . 1  

3 1 1 . 1  1 7 . 7  26 . 6  3 1 . 1  44 . 4  44 . 4  62 . 2  6 2 . 2  6 2 . 2  5 2 . 2  62 . 2  62 . 2  6 2 . 2  

4 - 22 . 2  24 . 4  26 . 6  35 . 5  44 . 4  48 . 8  48 . 8  7 3 . 3  73 . 3  7 3 . 3  7 3 . 3  7 3 . 3  

Mean 1 7 . 1 7 34 . 9 5 4 1 . 6 48 . 27 53 . 82 56 . 6  6 2 . 1 5  6 3 . 8  69 . 95 70 . 5 2 70 . 5 2  70 . 52 70 . 52 

70 1 26 . 6  48 . 8  55 . 5  59 . 9  6 2 . 2  6 6 . 6  66 . 6  86 . 6  86 . 6  88 . 8  88 . 8  88 . 8  88 . 8  

2 24 . 4  3 3 . 3  4 2 . 2  46 . 6  46 . 6  48 . 8  48 . 8  55 . 5  57 . 7  57 . 7  57 . 7  5 7 . 7  5 7 . 7  

3 1 3 . 3  24 . 4  35 . 5  39 . 9  40  46 . 6  46 . 6  46 . 6  55 . 5  57 . 7  60 60  60 

4 24 . 4  33 . 3  42 . 2  44 . 4  7 1 . 0  73 . 3  73 . 3  7 3 . 3  84 . 4  87 . 7  88 . 8  88 . 8  88 . 8  

Mean 22 . 1 7 34 . 95 4 3 . 85 47 . 7  54 . 95 58 . 82 58 . 82 6 1 . 5  7 1 . 05 7 2 . 9 7  7 3 . 82 73 . 8 2  7 3 . 82 



A�ndix 7 (b )  

Coulter types Pressure Reps Days from sowing 
Intens i ty 5 6 7 8 9 10  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

(kPa) 

Triple disc 0 1 1 3 . 3  1 7 . 7  2 2 . 2  24 . 4  3 1 . 1  33 . 3  33 . 3  33 . 3  35 . 5  35 . 5  35 . 5  35 . 5  35 . 5  

2 - 8 . 8  1 3 . 3  1 3 . 3  2 2 . 2  22 . 2  22 . 2  2 2 . 2  26 . 6  26 . 6  28 . 8  28 . 8  28 . 8  

3 4 . 4  1 5 . 5  1 5 . 5  24 . 4  26 . 6  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  28 . 8  
' 2 . 2  1 1 . 1  1 7 . 7  2 2 . 2  24 . 4  26 . 6  26 . 6  28 . 8  28 . 8  35 . 5  35 . 5  35 . 5  35 . 5  <t 

Mean 4 . 97 1 3 ; 27 1 7 . 7  2 1 . 07 26 . 07 2 7 . 72 2 7 . 72 28 . 7 2 29 . 9 2  3 1 . 6  32 . 1 5  32 . 1 5 3 2 . 15 

35 1 - 4 . 4 4 . 4  4 . 4  1 5 . 5  1 5 . 5  1 5 . 5  1 7 . 7  20 20 20 20 20 

2 26 . 6  26 . 6  28 . 8  35 . 5  37 . 7  4 2 . 2  46 . 6  5 3 . 3  5 3 . 3  5 3 . 3  55 . 5  5 5 . 5  5 5 . 5  

3 1 1 . 1  1 3 . 3  26 . 6  28 . 8  3 1 . 1  35 . 5  37 . 7  3 7 . 7  39 . 9  39 . 9  4 2 . 2  4 2 . 2  4 2 . 2  

4 6 . 6 4 2 . 2  46 . 6  48 . 8  5 1 . 0  48 . 8  48 . 8  48 . 8  48 . 8  5 1 . 1  5 1 . 1  5 1 . 1  5 1 . 1  

Mean 10 . 9 2  2 1 . 62 26 . 6  29 . 37 33 . 82 35 . 5  3 7 . 15 39 . 37 40 . 5  4 1 . 07 4 2 . 2  42 . 2  4 2 . 2  

70  1 . - 1 5 . 5  24 . 4  24 . 4  28 . 8  28 . 8  28 . 8  33 . 3  33 . 3  3 7 . 7  3 7 . 7  37 . 7  3 7 . 7  

2 1 7 . 7  1 9 . 9  2 2 . 2  26 . 6  26 . 6  26 . 6  35 . 5  37 . 7  4 2 . 2  44 . 4  44 . 4  44 . 4  44 . 4  

3 2 . 2  26 . 6  3 1 . 1  33 . 3  35 . 5  39 . 9  42 . 2  4 2 . 2  44 . 4  46 . 6  46 . 6  46 . 6  44 . 4  

4 1 3 . 3  2 2 . 2  28 . 8  3 1 . 1  42 . 2  4 2 . 2  44 . 4  44 . 4  53 . 3  53 . 3  53 . 3  53 . 3  5 3 . 3  

Mean 8 . 3  2 1 . 05 26 . 6 2  28 . 85 33 . 27 34 . 37 37 . 7 2 39 . 4  43 . 3  4 5 . 5  4 5 . 5  4 5 . 5  45 . 5  



Appendix 7 ( c) 

The effect  of cou l ter  types and ambien t  relative humidi ty regimes 

on the in-groove soil  mois ture content in % ( d . b . )  

Coulter 'types Reps Days from sowing 

HRH Regime 3 6 9 1 2  

Chisel 1 40 . 6  45 . 5  34 . 1  40 . 3  

2 44 . 4  45 . 8  36 . 2  4 1 . 9  

3 42 . 6  4 2 . 9  38 . 5  40 . 7  

4 43 . 7  36 . 8  35 . 7  35 . 5  

5 45 . 1  37 . 7  39 . 6  35 . 4  

6 46 . 3  35 . 8  4 1 . 7  36 . 1  

Mean 43 . 7  40 . 7  37 . 6  38 . 3  

Hoe 

1 46 . 8  4 1 . 0  46 . 1  45 . 4  

2 47 . 4  43 . 7  38 . 2  44 . 4  

3 46 . 5  43 . 1  39 . 8  40 . 0  

4 45 . 3  4 4 . 5  35 . 6  37 . 6  

5 4 1 . 5  36 . 9  38 . 8  36 . 2  

6 40 . 9  4 1 . 6  4 1 . 4  4 1 . 1  

Mean 44 . 7  4 1 . 8 39 . 9  40 . 7  

Triple d isc 1 35 . 7  35 . 3  3 1 . 4 38 . 5  

2 37 . 7  35 . 7  33 . 2  40 . 9  

3 40 . 7  38 . 9  29 . 0  34 . 6  

4 40 . 5  40 . 6  43 . 0  36 . 7  

5 4 1 . 2  4 1 . 8  44 . 0  39 . 9  

6 43 . 6  40 . 8  44 . 7  43 . 7  

Mean 39 . 9  38 . 8  37 . 5  39 . 0  



ApEendix 7 ( c) 

LRH Regime 

Coul ter types Reps Days from sowing 

3 6 9 1 2  

Chisel 1 49 . 4  4 1 . 4  32 .4  3 3 . 4  

2 48 . 5  4 1 . 5  30 . 8  37 . 2  

3 42 . 8  37 . 58 28 . 9  29 . 9  

4 40 . 1  37 . 2  2 1 . 7  30 . 9  

5 39 . 4  26 . 2  27 . 8  25 . 0  

6 42 . 6  30 . 2  27 . 5  24 . 36 

Mean 4 3 . 8  35 . 6  28 . 1  30 . 1  

Hoe 1 36 . 9  36 . 2  28 . 3  25 . 1  

2 32 . 6  29 . 7  23 . 8  2 2 . 3  

3 30 . 4  29 . 4  27 . 5  26 . 2  

4 35 . 5  27 . 1  34 . 6  25 . 6  

5 37 . 5  32 . 3  33 . 0  24 . 4  

6 39 . 1  27 . 7  32 . 0  2 1 . 0  

Mean 35 . 3  30 . 4  29 .' 8  24 . 1  

Triple disc  1 38 . 5  45 . 0  35 . 7  40 . 7  

2 35 . 9  45 . 3  28 . 1  40 . 0  

3 40 . 7  4 2 . 3  3 1 . 9  36 . 0  

4 4 1 . 3  39 . 1  36 . 9  33 . 3  

5 46 . 9  3 7 . 4  34 . 5  33 . 0  

6 43 . 7  36 . 7  35 . 6  28 . 3  

Mean 4 1 . 1  40 . 9  33 . 7  35 . 2  



APPENDIX 7 

(d)  Combined analysis of variance of seed fate in experiments 1 and 2 .  

Trea tment source 

Initial soil mois ture regimes (M) 

Posi tions of ftppl ied pressures ( I )  

Relative humidi ty regimes (H) 

Coul ter types ( T) 

Pressures intensi ties (P)  

Experimental design = spli t-spli t-plo t .  

Levels of treatments 

2 ( low , adequate) 

2 ( over covered seeds , over uncovered seeds) 

2 (high , low) 

3 ( chisel , hoe and triple disc coul ters)  

3 ( 0 ,  35 and 70  kPa) 

Main plo t  

Analysis of Variance 

S eedling emergence Ungermina ted seeds "Germinated but unemerged" 
seeds 

Source D . F .  F-value Level of Significance F-value Level of S ignif- F-value Level of 

M 

I 

M x I 

Error 1 

Total 1 

CV 

1 

1 

1 

4 

7 

52 . 4 1  * *  

6 . 22 NS 

3 . 22 NS 

46 . 9 8% 

icance significance 

83 3 . 79 ** 0 . 1 1 NS 

86 . 79 * *  0 . 0 1  NS 

80 . 89 * *  5 . 29 NS 

4 1 . 1 0% 9 . 9 1% 



Appendix 1 (d)  contd 

Sub-plot 

Source D . F .  F-Value Level of F-Value Level of F-value Level of 
significance signif icance S ignif icance 

H 1 2 . 83 NS 1 8 6 . 37  * *  2 . 04 NS 

T 2 5 1 . 9  ** 69 1 . 49 * *  57 55 . 8 * *  

MxH 1 3 . 26 NS 1 64 . 36 * *  0 . 4 5 NS 

MxT 2 8 . 62 * *  648 . 46 * *  54 2 . 02 * *  

IxH 1 0 . 6  NS 5 . 4 2  * 58 . 9  * *  

IxT 2 1 . 02 NS 25 . 3 1 * *  66 . 1  ** 

HxT 2 0 .  21  NS 27 . 46 * *  1 7 . 5 1  * *  

MxlxH 1 0 . 09 NS 2 . 24 NS · 44 . 4  * *  

MxlxT 2 6 .  7 7  * *  1 9 . 20 * *  384 . 52 * *  

MxHxT 2 2 . 5 1 NS 2 2 . 25 ** 1 1 2 . 2 * *  

IxHxT 2 0 . 39 NS 4 . 4  * 83 . 6  ** 

MxlxHxT 2 0 . 1 1  NS 2 . 78 NS 1 8 . 4 ** 

Error 2 20 
.., 

Total 40 

CV 38 . 58% 1 5 . 93% 5 . 04% 

Sub-sub-plot 

p 2 8 . 56 ** 1 08 . 35 * *  5 . 9 2  * *  

MxP 2 2 . 03 NS 88 . 1 9 * *  30 . 08 * *  

IxP 2 3 . 03 * 66 . 08 * *  1 2 . 29 * *  

HxP 2 1 . 7  NS 3 . 06 * 28 . 7 3 ** 



AEEend ix 7 ( d)  contd 

Source  D . F  F-Value Level o f  F-value Level of F-value Level of 
s ignif icance significance signif icance 

TxP 4 1 . 60 NS 27 . 27 * *  14 . 88 * *  

MxlxP 2 5 . 08 ** 83 . 67 ** 8 . 47 ** 

MxHxP 2 0 . 09 NS 1 . 1 3  NS 1 . 65  NS 

MxTxP 4 2 . 85 * 1 9 . 1  * *  1 5 . 53 ** 

IxHxP 2 1 . 93 NS 5 . 56 ** 3 3 . 76 * *  

IxTxP 4 2 . 7 0  * 1 4 . 77 * *  27 . 00 ** 

HxTxP 4 0 . 20 NS 9 . 87 ** 8 . 1 1  ** 

MxlxHxP 2 0 . 66 NS 4 . 32 ** 1 . 63  NS 

MxlxTxP 4 0 . 47 NS 1 5 . 7 9 ** 1 1 . 23 ** 

MxHxTxP 4 0 . 69 NS 1 1 . 63 ** 7 . 46 ** 

IxHxTxP 4 0 . 8 1 NS 23 . 93 ** 3 . 9 5 * *  

MxixHxTxP 4 0 . 55 NS 1 7 . 38 * *  22 . 7 5 ** 

Error 3 48  

Total 96 

CV 1 9 . 35% 1 3 . 00% 5 . 48% 

To tal of  all plo ts 

Error 7 2  

To tal 143  

CV 28 . 03% 1 6 . 64% 5 . 7% 



APPENDIX 8 

(a)  Specification o f  experiment 3 ,  4a ,b  

Experiment date 

Type of  experiment 

Coul t er types used 

Species 

S eed germina tion po tential 

Nominal sowing depth 

Nominal sowing spaces 

Groove covering treatments 

Soil type 

Initial soil moisture s tress 

Herb icides used , their rates & 

time of  application 

Experimental design 

Duration of experiment time 

Climatic condi t ion 

Seedling emergence counts 

23 . 9 . 7 7 to 2 1 . 1 1 . 7 7  

Soil blocks in boxes 

Triple disc coul ter , a ki tchen 

knif e  (bo th hand-drawn) 

"Kapora" wheat 

98 . 4% (Massey Univer s i ty ,  Seed 

Tech . Centre) 

38-40 mm 

20 mm 

A combina tion o f  various covering 

and pressing techniques . 

"Rangi tikei sandy loam" 

Experiment 4 (a)  at 1 5 . 5% and 

Experiment 4 (b )  a t  2 1 . 5% 

Paraqua t 5 . 1  1 / ha + d icamba 1 . 4 1/ha 

in one blanke t spray 3 days prior 

to drilling 

Completely randomised blocks wi th 

3 replica tes in experiment 4 (a) 

and 4 replicates in experiment 4 (b )  

3 weeks 

Controlled in c lima te lab . ( DS IR) 

at 55/60% r . h .  day/night and 

temp at 22°/ 1 8°C day /nigh t . 

Daily seedling emergence counts 

until the end o f  experiment .  



APPENDIX 8 
-

(b)  S eedl ing emergence rate in Eercentage 

Trea tments Reps Days from sowing 

5 6 7 8 9 10  1 1  1 2  1 3  1 4  1 5  1 6  Mean � day 1 6 )  

( .N Knife cut grooves 

( i) No cover 1 

2 - - - - - - - - - - - - 0 

:3 
4 

( ii) seed 1 
covered 

2 2 . 5 - - - - - - - - - - - -

with loose 
soil 3 

4 - - - - - - - 5 10  1 0  10  10  

( iii)  Seed 1 20 35 40 45 50 50 50 60 50 50 50 50 
pressed 

2 - - 5 5 5 5 5 5 5 1 0  10  1 0  35 
at  70kPa 

3 - 1 0 1 5 1 5 25 30 35 40  40  40  40  40  

4 - 5 5 1 0  1 5  20 30 35 35 40  40  4 0  

( iv) Polythene 1 - - 5 20 25 30 30 30 30 30 30 30 
cover over 

2 - - 5 5 5 5 5 5 5 1 0  1 0  1 0  
the ground 

- surface 3 - - - - - 5 5 5 5 1 0  1 0  1 0  

4 - 5 1 5  25 30 40  50 50 50 50 50 50 24 . 3  

5 - - - 20 20 20 30 30 30 30 30 30 

6 - s 5 1 0  1 5  20 3() 30 30 35  35  35  
7 - - - 5 5 5 5 5 5 5 5 5 

8 - - - 1 0  1 5  20 20 20 20 25 25 25  



Treatments ReEs 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  Mean. ( J ay 1 6 )  

( J9 TriEle d isc  groove 

( i) no cover 1 

2 - - - - - - - - - - - - 3 . 7 5 

3 

4 - - - - - - 1 0  10  1 5  1 5  1 5  1 5  

( ii)  grooves 1 
clean of  

2 0 - - - - - - - - - - - -

dirt 
3 

4 

( iii )  grooves 1 - - 10  1 5  1 5  2 0  2 5  2 5  30 30 30 30 
clean and 

2 5 5 10  1 5  1 5  20 20 20 20 30 seed press- - - -

ed at 3 - - 5 1 0  10  30 40  50  50 50 50 50 
70  kPa 

4 1 0  10  1 5  20 20 20 20 20 20 20 - -

( iv) . 1 - - 5 5 5 10  1 0  2 5  25 25 25 25 
grooves , 

2 - - 5 5 10  1 5  1 5  1 5  1 5  20 20 20 32 . 5  seed 
pressed 3 - - - 5 1 5  2 5  30 45 45 55  55 55  
at  70  kPa 

4 10  25 25 30 30 30 30 - - - - -



Treatments Reps 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  Mean ( c ay 1 6 )  
(v) grooves 1 

covered wi th 2 0 
loose soil 

- - - - - - - - - - - -

3 

4 

(vi) soil block 1 - - 5 20 30 35 35 35 35 35 35 35 
covered wi th 2 5 5 5 5 5 5 5 5 5 5 
polythene 

- -

3 - - - 5 1 0  1 5  1 5  1 5  1 5  1 5  1 5  1 5  

4 - 5 20 25 25 30 30 30 30 30 30 30 20 . 6  

5 - 10  20  25 25 25 30 35 35 35 35 35 

6 - - - 5 5 1 0  1 0  2 0  20 20 20 20 

7 

8 - - - 1 5  1 5  1 5  20 25 25 25 25 25 



APPENDIX 8 

( c )  Seed fate percent 
I& 

Treatments Reps Emergence Germina ted but Ungerminated 
unemerged " 

Dead Alive 

(A) Knif e  cu t-groove 

No cover 1 5 3 6  0 59 . 0  

2 2 . 5 2 1  23 . 7  5 2 . 8  

3 0 1 0 . 3  7 . 7  8 2  

Loose  soil  cover 1 5 3 8  5 3 . 7  3 . 3 

2 5 4 1 . 3  5 3 . 7  0 

3 1 0  3 4 . 3  5 3 . 0  2 . 7  

S eed pressed 1 1 0  5 6 . 3  7 . 5 26 . 2  
a t  7 0  kPa 2 so  2 3 . 5  1 4 . 7  1 1 . 8 

3 1 0  3 7 . 7  28 . 5  2 3 . 8  

Poly thene 1 6 7 . 5  8 . 7  20 . 8  3 
cover 2 3 0  s o  1 7 . 5  2 . 5  

3 1 0  5 7 . 5  3 2 . 5  0 

( B ) TriEle disc coul ter 

No cover 1 0 0 0 1 0 0  

2 0 0 6 9 4 . 0  

3 0 8 5 . 5  8 6 . 5  

Loose  soil cover 1 0 7 4 . 2  1 3  1 7 . 8 

2 0 7 0 . 8  8 . 7  20 . 5  

S eed pressed a t  1 1 5  3 2 . 0  10 . 7  4 2 . 3  
7 0  kPa 2 2 0  3 0 . 8  3 . 7  4 5 . 5  

3 2 0  3 5 . 0  5 . 5  39 . 5  

Poly thene cover 1 3 2  5 0 . 3  1 7 . 7  0 

2 5 4  3 5 . 7  1 0 . 3  0 

3 29 . 3  24 3 1 . 5  1 3 . 2  



APPENDIX 9 

Exper imen t  5 :  Equilibrium mois ture absorp tion iso therms of  Karamu 
0 

whea t a t  20 C in sal t solutions ( liquid and vapour 

imbib i t ion) 

Specifica tions of experiment 5 

Experiment date 

Species 

Germina tion po tential 

Type of exper iment 

Weight of seeds used 

NaCl concentrations 

1 7 . 7 . 7 8 

"Karamu" whea t 

96% (Mas sey Universi ty ,  Seed Tech . 

Centre) . 

Seed germination and seedling 

emergence potential ,  under various 

liquid and vapour mois ture po ten tials 

8 g/ trea tment 

( 6 )  0 M ,  0 . 25 M ,  0 . 5  M ,  1 M ,  2 M ,  

saturated solu tion . 



Flow Rate 

Cm3 / sec 

1 . 57 3  (minimum) 

3 . 93 2  

7 . 865  

1 5 . 73 

23 . 59 

3 1 . 4 6  (maximum) 

Mean 

S . D . ±% 

APPENDIX 9a 

Calibration of  dew point hygrome ter 

Ambient 
Rela tive humidity (% )  
measurement in  climate 
room 

60  

58  

57  

56  

56 

55  

57 

1 .  79  

Relative rumidity (% )  
measured in  open type 
soil coul ter grooves 

63  

63  

62  

6 1  

60  

58 
--

6 1 . 1  

1 . 94 

Ambient condi tions 

r . h .  = 60% 
0 temp . = 20 C 

Rela tive humidity (%)  
measured in grooves covered 
with soil 

72 

74 

78 

80 

82 

84 
--

78 . 3  

4 . 63  
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( b )  Spe c i f ica tion of experimen t 6a . 

Exp e r iment  d a t e  

Typ e  o f  exp e r imen t 

So i l  typ e 

Cou l t e r  types used 

Expe r imental des ign 

Herb i c i d e s  app l i c a tion 

and rate  

Fer t i l i zer  appl i c a t ion 

Clima t i c  cond i tion 

Ini tial  soil mo is tu r e  

cond i tions 

2 8 . 6 . 7 8 

Tillag e  b ins in con t ro l l ed c l ima t ic l aboratory 

"Manawatu f i n e  sandy l o am" 

( i ) Chi s e l  coul t er , no  p r es sure  

( ii )  Hoe cou l t er , no p r e s su r e  

( i i i )  H o e  cou l ter , p r e s s u r e  ove r  s eed 

( iv)  T r ip l e  d i sc coul t e r , no c ov e r  o r  

p r es s u r e  

( v )  Tr ip l e  d isc coul t e r , pressure  

d ir e c tly  over s ee d , no  cover 

( v i )  Trip l e  d isc coul ter , pressure over 

covered seeds 

" compl e tely  r andomised b lo cks " wi th three 

r epl ica tes 

5 . 6 1 / ha p araquat + 1 . 4 1 /ha d i camba in 

s ingl e  spray 3 days b e f o r e  d r i l l i ng 

N i l  

Con trolled r e lative hum id i ty a t  60% 

cons tan t  a nd 20°C t emp . cons tant un t i l  

day 1 7  a f t er forming t h e  grooves 

1 5 . 5% ( d . b . )  



APPENDIX 9c 

Experiment 6a . Soil in-groove relative humidi ty measurewent (% )  at con trolled ambient relative humid ity 

o f  60% 

Trea tments 

1 Chisel 

coulter 

Mean 

2 Hoe coul ter 

no pressure 

Mean 

Reps 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

3 Hoe coul ter 1 

70 kPa 2 

pressure 3 

over seeds 4 

1 2 

95  9 5  

9 3  93 

95 95 

94 92 

92 92 

3 4 

95  9 2  

9 3  94 

9 1  86 

90 89 

9 2  89 

5 

94 

92 

89 

86 

89 

6 

90 

94 

86 

88 

89 

Days from smving 

7 

9 2  

9 0  

84 

87 

88 

8 

89 

85 

84 

84 

85 

9 

80 

8 1  

8 2  

84 

84 

94 93 93 88 89 89 89 86 83 

9 3 . 8  93 . 3  92 . 3  89 . 6  89 . 8  89 . 3  88 . 3  85 . 5  82 . 0  

94 94 

96 95 

9 2  9 1  

9 3  92  

90  90  

89 90  

94 89  9 2  9 2  9 2  85 7 5  

95  92  8 9  89 8 8  8 4  7 3  

8 9  8 8  82 8 0  7 7  7 5  7 2  

9 0  8 8  8 6  8 2  7 7  7 6  7 3  

90 82 7 7  7 7  7 7  7 7  7 7  

89 80 80 80 7 8  7 7  7 7  

9 2 . 3  9 2  9 1 . 1  86 . 5  84 . 3  83 . 3  8 1 . 5  7 8 . 6  74 . 5  

88 86 85 

96 84 84 

9 1  89 89 

90 89 89 

86 83 83 78  75 7 3  

84 83  78  8 1  78  74  

88  88  88  84  7 8  7 5  

89 89 8 9  8 0  7 7  7 4  

10  

80 

81  

8 1  

8 2  

8 2  

8 1  

8 1 . 1  

7 3  

7 5  

7 2  

7 1  

7 6  

7 5  

7 3 . 6  

7 3  

7 4  

7 5  

7 4  

1 1  

8 1  

80 

80 

8 1  

8 1  

8 1  

80 . 6  

7 5  

7 2  

7 2  

70 

76  

75  

73 . 3  

74  

73  

74 

73  

1 2  

80 

8 1  

80 

8 1  

8 1  

8 1  

80 . 6  

* 
1 3  

80 

8 1  

82  

83  

83  

83  

82 . 0  

ff 
1 4  

82  

83 

82 

84 

84 

84 

83 . 6  

«-
1 5  

84 

85 

86 

85 

86 

86 

85 . 5  

16  

81  

82 

84 

85 

83 

84 

83 . 1  

1 7  

8 1  

82 

82 

81  

80 

81  

8 1 . 1  

7 2  85 85 85 70  70  

7 1  84 84  86 7 1  7 1  

7 2  84  84  85 7 1  7 1  

70 85 85  86 7 1  7 1  

7 5  84  84  85 70 70 

7 5  85 84 85 69 68  

7 2 . 5  84 . 5  84 . 5  85 . 3  70 . 6  70 . 1  

7 3  

7 3  

7 3  

7 4  

84 

85 

84 

84 

84 

85 

84 

84 

85 

84 

86 

86 

7 2  

7 1  

70  

69  

70 

70  

69  

69  



Appendix 9c contd . 

Trea tments 

Mean 

Reps 

5 

6 

4 Triple disc 1 

coul ter 2 

no pressure 3 

Mean 

5 

6 

5 Triple disc 1 

coul ter 70  2 

kPa pressures 3 

over seeds 4 

Mean 

5 

6 

6 Triple disc 1 

coul ter 2 

loose soil 3 

cover + 70 4 

kPa pressure 5 

over grooves 6 

Mean 

1 2 3 4 5 6 7 8 9 

95  90 90 86 86 86 84 80 75  

89  85 86 84  85 85 80  78  7 7  

9 1 . 5  87 . 1  8 7 . 1  86 . 1  85 . 6  84 . 8  8 1 . 5  7 7 . 6  74 . 6  

9 5  94 9 0  84 79  82 82 7 8  64 

94 94 90 85 85 78 7 8  75 64 

86 86 90 · so 78  79  75 72 65 

95  85 85 79 7 3  74  74 70 70 

89 79  79  7 7  74 74  74  72 7 1  

1 0  

7 5  

7 5  

74 . 3  

63  

62 

63 

68 

65  

1 1  

7 5  

73  

73 . 6  

62  

62  

62  

64 

63  

1 2  1 3  

7 5  84 

7 3  83  

73 . 5  84  

62  

6 1  

6 2  

63 

63  

87  

8 1  

85 

88 

88 

14  

84 

83 

84 

86 

87 

86 

87  

87  

15  

87  

85  

85 . 3  

86 

86 

88 

8 7  

86 

9 1 . 6  88 . 3  86 . 6  0 . 8  7 8  7 7  76 . 5  7 2 . 8  66 . 3  63 . 6  62 . 1  6 1 . 8  86 . 6  86 . 5  8 7  

95  85 8 5  8 8  8 2  7 9  

9 2  92  92  84 82 7 7  

93  9 1  90 84  84  80 

95 89 84 84 80 82 

94 92 92 80 74  80 

93 90 90 82 80 73  

7 7  7 5 69 

78  74  69  

78  74  68 

79  7 2  70  

7 7  . 7 3 70  

73  72  68  

67  

6 7  

65 

68 

66 

68 

93 . 5  89 . 8  88 . 8  83 . 6  80 . 3  78 . 5  77 73 . 3  69 67  

95  94  

95  94  

94  94  

95  95  

94  94 

94 94 

95 95 94 88 

94 94 9 1  90 

94 86 86 88 

94 88 88 90 

92 86 88 88 

9 1  89 89 89 

94 . 5  94 . 4  93 . 3  88 . 6  89 . 3  88 

90 85 80 80 

89 84 80 80 

88 85 7 9  7 9  

86 83 8 1  80 

84 82 80 80 

83 8 1  8 2  8 1  

86 . 6  83 . 3  80 . 3  80 

65 

64 

65 

6 7  

67  

66  

65  

64  

64 

6 7  

66 

66 

88 

88 

89 

86 

87 

87  

87 

87  

88 

85 

86 

87  

84 

85 

85 

85 

86 

85 

65 . 6  65 . 3  87 . 5  86 . 6  85 

80 80 80 

80 80 80 

7 8  7 8  8 1  

80 80 8 1  

80 80 8 1  

80 80 82 

79 . 6  7 9 . 6  81 

82 

84 

3 

84 

84 

85 

84 

85 

86 

84 

85 

85 

85 

85 

* controlled ambient r . h .  on days 1 3  to 1 5  was at  90% 

1 6  

69 

70  

70 . 1  

1 7  

69 

70 

69 . 5  

70  6 7  

7 1  66 

67 64 

68 65 

68 63  

68 

70  

69  

6 7  

68  

68  

68 

64 . 9  

67  

68 ' 

68 

67 

66 

65 

68 . 3  66 . 5  

82  

83  

83 

83 

83 

83 

83 

80 

82 

8 1  

8 1  

8 1  

80 

8 1  
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( d )  Specif ication of  experiment 6 (b )  

Experiment da te 

Species sown 

Seed germination po tent ial 

Type of experimen t 

Soil type 

Coul ter types used 

Experimental design 

Pre-drilling herb icides used , their 

rate of appl ica tion 

Fer tili zer applica tion 

Climatic condi tion 

Ini tial soil mois ture condi tion 

Seedl ing emergence & seed fate count 

In-groove relative humidity 

measurement 

30 . 1 1 . 7 8 

"Karamu" whea t 

96% (Massey University , Seed Tech . 

Centre) 

Tillage bins in control led clima te 

"Manawatu fine sandy loam" 

( i ) Chisel coulter , no pressure 

( ii )  Hoe coul ter , no pressure 

( iii)  Hoe coul t er ,  70  kPa d irec tly 

over seeds 

( iv)  Triple disc coul ter , no 

pressure or cover 

(v) Triple disc coul ter , 70 kPa 

pressure d irec tly over seeds 

(vi) Triple disc  coul ter , 70  kPa 

over covered seeds . 
"Completely randomised blocks wi th 

4 replica tes 

Paraqua t 5 . 6 1 / ha + dicamba 1 . 4 1 / ha 

3 days before drilling in s ingle 

blanke t spray 

Nil 

Control led rela tive humid i ty & temp. 

at 60% and 20°C cons tant respec tively 

1 4% ( d .b . )  at  0-45 mm dep th 

Daily seedling emergence counts 

until the termination o f  exper iment 

on day 1 7  and a t  tha t s eed fate 

was de termined 

Daily r . h .  measurements using a 

dew point hygrometer until the termin­

a tion of  experiment on day 1 7 . 



APPENDIX 9 ( e)  

Experiment 6b . The rate o f  seedl ing emergence (%)  as a function of  coul ter types and covering techniques 

Days from sowing 

Treatments ReEs 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

Chisel coul ter 1 - - 3 . 3  1 7 . 7  25 . 5  27 . 7  35 . 5  38 . 8  38 . 8  40 4 1 . 1  4 2 . 2  4 2 . 2  

2 - - 1 . 1  1 1 . 1  28 . 8  3 1 . 1  32 . 2  35 . 5  35 . 5  38 . 8  38 . 8  38 . 8  38 . 8  

3 - - 5 . 5  1 6 . 6  28 . 8  30 . 0  30 . 0  3 1 . 1  3 1 . 1  3 1 . 1  30 . 0  27 . 7  27 . 7  

Mean 3 . 3  1 5 . 1  27 . 7  29 . 6  32 . 5  35 . 1  35 . 1  36 . 6  36 . 6  36 . 2  36 . 2  

Hoe coul ter 1 - - - 4 . 4 5 . 5  1 3 . 3  1 8 . 8  22 . 2  24 . 4  27 . 7  30 30 30 

no pressure 2 - - - 1 . 1  10  1 3 . 3 1 9 . 9  22 . 2  23 . 3  23 . 3  23 . 3  23 . 3  23 . 3  

3 - - - 3 . 3  1 1 . 1  3 2 . 2  33 . 3  36 . 6  36 . 6  37 . 7  40 . 0  4 0  40 

Mean 2 . 9 8 . 8  1 9 . 6  24 . 0  27 . 0  28 . 1  29 . 5  3 1 . 1  3 1 . 1  3 1 . 1  

Hoe coul ter 1 - 7 . 7 1 6 . 6  25 . 5  34 . 4  35 . 5  35 . 5  37 . 7  37 . 7  37 . 7  37 . 7  37 . 7  37 . 7  

7 0  kPa over 2 - 3 . 3  7 . 7 24 . 4  27 . 7  28 . 8  33 . 3  34 . 4  34 . 4  33 . 3  33 . 3  3 1 . 1  3 1 . 1  

seed 3 - 2 . 2  7 . 7 2 1 . 1  46 . 6  46 . 6  46 . 6  4 5 . 5  44 . 4  4 2 . 2  42 . 2  42 . 2  42 . 2  

Mean 4 . 4 1 0 . 6  23 . 6  36 . 2  36 . 9  38 . 4  39 . 2  38 . 8  37 . 7  37 . 7  37  37 

Triple disc 1 - - - - 1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  

coul ter no 2 

pressure 3 - - - - 2 . 2  3 . 3 3 . 3  3 . 3  3 . 3  4 . 4 6 . 6 6 . 6 6 6 

Mean 1 . 1 L 4  1 . 4 1 . 4 1 . 4 1 .. 8  2 � 5  2 . 5  2 . 5  



AEpendix 9e contd . 

Treatments ReEs 5 6 7 8 9 10  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

Triple disc 1 - - - - 1 . 1 2 . 2  2 . 2  3 . 3  3 . 3 3 . 3  2 . 2  2 . 2  2 . 2  

coulter 7 0  kPa 2 - - - 2 . 2  2 . 2  2 . 2  4 . 4 1 1 . 1  1 4 . 4  1 7 . 7  1 6 . 6  1 5 . 5  1 5 . 5  

over seed 3 - - - 1 . 1  4 . 4  6 . 6  6 . 6 6 . 6  6 . 6  4 . 4  4 . 4  4 . 4 4 . 4 

Mean 1 . 1  2 . 5  3 . 6 4 . 4  7 8 . 1  8 . 4 7 . 7  7 . 3 7 . 3 

Triple disc 1 - - - - 1 . 1 1 . 1  2 . 2  3 . 3  3 . 3  2 . 2  2 . 2  2 . 2 2 . 2  

coul ter 70  kPa 2 - - - - 5 . 5  6 . 6 6 . 6  7 . 7  8 . 8  1 6 . 6  1 6 . 6  1 7 . 7  1 7 . 7  

over groove 3 - - - - - - - - 1 . 1  3 . 3  5 . 5 5 . 5 5 . 5  

after cover ing Mean 2 . 2  2 . 5  2 . 9  3 . 6  4 . 4 7 . 3 8 . 1  8 . 4 8 . 4  

with loose 

soil 

L 



APPENDIX 9(f ) 

Soil in-groove relative humidi ty measurements (% )  

Treatments Days f rom sowing 

1 2 3 4 

Chisel coul ter 

no cover or pressure 

94  

95  

93  

92  

9 2  

9 5  

89 

90 

89 

88 

88 

89 

84 

85 

83 

84 

85 

86 

84 

85 

83  

83  

84 

85 

Mean 9 3 . 5  88 . 8  84 . 5  84 

Hoe coul ter 9 1  89 78 7 8  

no cover or pressure 9 2  8 0  7 9  7 9  

Hoe coul ter 70  kPa 

pressure over seed 

9 2  86 78 7 7  

9 4  83  80  

94  8 7  7 9  

9 3  88 79  

Mean 9 2 . 6  85 . 5  7 9  

8 7  

86 

87 

86 

83 

82 

83  

82  

84 

80 

7 9  

7 9  

7 8  

7 8 . 3  

8 2  

83  

82  

83  

80 

5 

83  

83  

82  

8 1  

83  

84  

6 

8 1  

8 2  

80 

7 9  

8 1  

8 3  

82 . 6  8 1  

7 8  7 8  

7 9  7 9  

7 7  7 6  

7 9  

7 9  

7 8  

7 8 . 3  

8 1  

8 1  

82  

8 2  

80 

7 7  

7 9  

7 7  

7 7 . 6  

80 

80 

8 1  

8 2  

7 9  

9 2  

9 3  

9 2  

9 0  

90 

89 85 82 81 81 80 

Mean9 1 85 . 6  82 . 1  8 1 . 8  8 1 . 1  80 . §  

7 

80 

80 

7 9  

7 8  

7 9  

8 1  

8 

80 

7 8  

7 8  

7 9  

7 8  

8 1  

7 9 . 5  7 9  

7 8  7 0  

7 5  7 1  

7 0  6 6  

7 2  

7 6  

7 4  

7 4 . 1  

7 8  

7 9  

7 8  

7 9  

7 7  

7 6  

7 2  

7 2  

7 1 . 1  

7 8  

8 1  

7 2  

7 0  

6 9  

9 

80 

7 8  

7 8  

7 9  

7 8  

80 

7 8 . 8  

7 0  

7 0  

6 4  

7 2  

7 0  

7 2  

69 . 6  

7 8  

7 9  

7 2  

7 0  

69  

76  72  72  

7 7 . 8  7 3 . 6  7 3 . 5  

1 0  

7 8  

7 7  

7 8  

7 8  

7 8  

7 9  

7 8  

70  

70  

64 

7 2  

7 0  

7 2  

69 . 6  

7 8  

7 9  

7 2  

7 0  

69  

72  

7 3 . 5  

1 1  

7 5  

7 7  

7 8  

7 8  

7 9  

7 9  

7 7 . 6  

70  

69  

64 

7 2  

7 0  

7 2  

6 9 . 5  

7 7  

7 9  

7 2  

7 0  

69  

7 2  

7 3 . 1  

1 2  

7 5  

7 7  

7 8  

7 8  

79  

7 9  

7 7 . 6  

7 0  

69  

64 

70 

70  

72  

69 . 1  

7 7  

7 9  

7 2  

7 0  

69  

72  

7 3 . 1  

1 3  

7 5  

7 7  

7 7  

7 7  

7 9  

79  

7 7 . 3  

7 0  

6 8  

6 3  

70  

70 

7 2  

6 8 . 8  

7 7  

7 8  

7 2  

7 0  

69 

7 2  

7 3  

1 4  

7 5  

7 7  

7 7  

7 7  

7 8  

7 9  

7 7 . 1  

70  

68 

63  

70  

70  

70  

68 . 5  

7 7  

7 8  

7 2  

7 0  

69  

7 2  

7 3  



Appendix 9f- contd Days from sowing 

Treatments 1 2 3 4 5 6 7 8 

80 

68  

75  

68 

64 

9 

80 

68 

7 2  

65  

64  

Triple disc  coul ter 

no pressure 

90 

9 2  

9 3  

9 3  

9 4  

80 

82 

83 

84 

85 

82 

68  

7 2  

7 3  

7 0  

82 

69 

7 1  

73  

70  

82 

69 

7 1  

73  

70  

80  

68  

70  

7 2  

6 9  

9 2  82 70 70  70  70  

Mean 92 . 3  82 . 6  70 . 8  70 . 8  70 . 8  69 . 8  

Triple disc coul ter 

70 kPa pressure over 

seeds 

9 1  

92  

93  

94 

93  

95  

Mean93 

Triple disc coul ter 9 2  

7 0  kPa pressure over 94 

grooves af ter covering 92  

the seed wi th loose 93  

soil 9 3  

87 

88 

85 

86 

87 

88 

86 . 8  

88 

89 

88 

87 

87  

74 

84 

84 

83 

83 

85 

83 . 8  

82 

83 

83 

84 

84 

9 3  86 82 

92 87 84 

Mean 9 2 . 6  87 . 5  83 

73 

84 

83 

82 

82 

83 

83 . 8  

80 

82 

83 

84 

84 

70 

8 1  

8 2  

8 2  

8 2  

83 

82 . 8  

79  

80 

82 

83 

83 

79 

78 

8 1  

80 

80 

82 

8 1 . 6  

78 

76 

81  

82 

82 

81  81  80 

83 82 8 1  

82 . 1  8 1 . 1  79 . 6  

82 

68 

70  

69 

69  

67  67  62  

69 . 1  68 . 6  66 . 8  

7 8  

78 

79 

80 

7 7  

79  

80  

7 5  

7 2  

7 8  

80 

80 

78 

79 

77 

79  

80 

75  

75  

66 

72 

74 . 5  

80 

70  

7 5  

6 5  

6 5  

7 7  

73  

73  

79  

79 

75  

7 2  

66 

70 

73 . 5  

80 

70  

7 5  

65  

65  

78  

74  

7 3 . 6  

1 0  

80 

65 

70 

65 

64 

62 

66 

79 

79  

7 5  

7 3  

68 

70  

74  

79 

70 

75  

66  

6 6  

77  

73  

73 . 4  

1 1  

68 

65 

68 

63  

62  

62  

64 . 6  

78 

78  

74  

73  

65 

69 

7 2 . 8  

78 

70  

74 

65 

65 

75  

72  

7 2 . 4  

1 2  

62  

64 

68 

62 

62 

62 

6 3 . 3  

78 

78 

74 

73 

65 

69 

7 2 . 8  

7 8  

70  

74 

65 

65 

75  

7 2  

7 2 . 4  

1 3  

6 2  

63 

65 

62 

62 

6 1  

62 . 5  

77 

78 

74 

7 3  

64 

69 

7 2 . 5  

78  

70  

74  

65  

65 

75  

7 2  

7 2 . 4  

1 4  

62  

6 1  

64 

60 

62  

6 1  

6 1 . 6  

7 7  

7 8  

74 

73 

64 

68 

7 2 . 4  

7 8  

7 0  

74 

65 

65 

75 

72 

7 2 . 4  



APPENDIX 10  

(a )  Specif ication o f  Experiment 7 

S tar ting date of experiment 

Frequency of sowing 

Total no . o f  drillings 

Species 

S eed g ermination po tential 

Type of experiment 

Location 

Dire c t  dri ll-coulter assemblies 

Sowing depth 

Row spac ing 

Drill ing speed 

Cond i t ion of  parent vege tat ion 

Soil type 

Environmental conditions 

Herb i c ides used , the ir rates o f  

application 

S eed covering technique 

S eeding rate 

Plo t  s i ze 

Experimental des ign 

Replicates 

Ferti l i zer used 

Insecticide application 

2 1 . 1 1 . 1 9 7 7  

For tnightly 

1 2  until 24 . 4 . 1 9 78 
. , 
Karamu whea t 

96% (Certif i ed by seed technology 

centre , Massey Univers i ty) 

Field s tudies 

Agronomy Depar tment p lo ts , 

Massey Universi ty 

Duncan drill adj us ted wi th 3 

ef fec tive rows o f  thre e  

coul ter types viz .  a n  experi­

mental chis el coul ter , hoe 

coul ter and triple disc  

coul ter along wi th two guard 

rows one on each s ide . All 

coul ters included a pre-disc . 

Nominally 38 mm 

1 50 mm 

5 km/h 

Ryegrass pas ture , sheep gra zed 

before drilling 

"Tokomaru s i l t  loam" 

Variable ambient condi tions 

S ingle application 3 days before 

each drilling in a blanket spray 

at 5 . 6  1 / ha paraquat + 1 . 4 1/ha 

dicamba 

Each drilling was followed by bar 

harrow 

Nominally intra-row spacing 20 mm 

4 m x 2 . 6  m 

Completely randomi zed blocks 

4 

Nil 

Slug pellets were used in all the 

experimen ts . Thima t was 



S eedl ing emergence counts 

S eedling damage measurement 

applied in drilling no. 2 to 5 to control 

unidentified insec ts and pes ts . Thimat 

was found to be ineffective . In lat ter 

experiments , a bran based diazinon was 

applied a week af ter drilling . Formula 

for bran based insec ticide ( Bran = lOkg ; 

Molases = 4 kg ; water = 1 2  l i tres ; 

Diazinon ( 80%) 300 ml . )  

A weekly seedling emergence count was 

taken af ter each drill ing until 3rd week 

when emergence was assumed to be complete . 

At the end o f  week 3 af ter drilling , 

a metre leng th of each coul ter row was 

dug and damaged seedlings counted . 



APPENDIX 1 0 ( b )  

The e f f e c t  o f  coulter types , ambient  condi tions and soil mois ture o n  the seedling emergence 

( a) 1 s t  drill ihg 

2 1 . 1 1 . 7 7 Triple Disc coul ter Hoe coul ter Chisel coul ter 

Reps w·eek 1 week 2 week 3 week 1 week 2 week 3 week 1 week 2 week 3 

I 53 . 1  62  83 . 6  64 . 8  62 . 7  7 9 . 8  64 . 1  82 . 9  9 2 . 2  

I I  43 . 6  64 . 1  66 . 9  44 . 3  59 . 8  67 . 4  4 1 . 0  60 . 6  58 . 5  

Ill  4 1 . 7  68 . 0  80 . 1  50 . 3  4 5 . 6  56 . 8  3 1 . 1  44 . 9  59 . 3  

IV 29 . 0  5 7 . 4  56 . 0  32 . 2  58 . 1  6 1 . 7  34 . 3  5 2 . 7  59 . 3  

Mean 4 5 . 8  62 . 9  7 1 . 6  4 7 . 9  56 . 6  66 . 6  4 2 . 6  60 . 3  67 . 3  

(b)  2nd Drilling 

5 . 1 2 . 7 7 I 2 . 7  4 3 . 5  55 . 6  2 . 8  5 1  67 . 6  1 . 7 40 . 3  54 . 9  

I I  1 . 1  29 . 3  35 . 4  5 . 3  33 . 6  5 2 . 7  3 . 1  1 0 . 9  44 . 6  

I l l  7 . 7  43 . 9  55 . 7  4 . 8 3 1 . 8  5 2 . 1  1 . 0 25 . 8  54 . 2  

IV 2 . 4  38 . 9  50 . 4  1 0 . 7  35 . 7  49 . 6  3 . 6 22 . 3  4 1 . 4 

Mean 3 . 5  38 . 9  49 . 3  5 . 9 38 . 0  5 5 . 5  2 . 35 24 . 8  48 . 7  

OBS . = Snail and slug infestation 



(c )  3rd drilling 

( 1 9 . 1 2 . 7 7 )  

Reps 

I 

I I  

I l l  

IV 

Mean 

(d )  4th drilling 

( 2 . 1 . 7 8) ' 
I 

I I  

I ll  

IV  

Mean 

( e) 5th drilling 

( 1 6 . 1 . 78) 

Triple disc coul ter 

Wk 1 

20 . 8  

22 . 3  

1 2 . 2  

25 . 1  

20 . 1  

35 . 0  

47 . 4  

54 . 9  

46 . 4  

4 5 . 9  

!=: Cl) 
0 1-< 

(/) •.-1 :l 
Cl) ,1-J ,1-J 
p. CO (/) 
:>-- c:: •.-I 
,1-J ·.-I 0 

� s 
1-< 
Cl) Cl) ,..., 
,1-J OD •.-I 

,..., 0 :l 0 (/) 
0 z 
(.) "Cl 

,..., 
,..., Cl) 
,..., . •.-1 
<: ....... 4-4 

� 

Wk2 

38 . 2  

38 . 6  

1 9 . 8  

5 1 . 8  

37 . 1  

53 . 1  

45 . 3  

59 . 8  

54 . 5  

53 . 2  

CXl 
,1-J I' 
� . 

•.-1 ....... 
0 
p.. 0 

N 
OD 
c:: c:: 

·.-1 0 
,1-J 
,..., c:: 
•.-1 •.-I 
� t1l 

1-< 
:J 
0 � ,..., 
Cl) 

..0 CXl 

Wk3 

5 1 . 8  

49 . 7  

27  

5 1 . 8  

4 5  

54 . 7  

5 2 . 9  

65 . 7  

63 . 3  

59 . 1  
,1-J 
:l 

..0 

"Cl 
Cl) 

,1-J 
t1l 
c:: 

•.-I 
s Cl) 
1-< OD 
Cl) 1-< 
OD Cl) 

s 
"Cl Cl) 
Cl) 
Cl) ,1-J 

Cfl 0 
c:: 

"Cl 
•.-I 

• "Cl � I 

("") 

� 
� 

!=: 
0 

Cl) 
,1-J 
CO 

4-4 

"Cl 
Cl) 
Cl) 

Cfl 

. 
("") 

,.!:G 
� 

Hoe coul ter Chisel coul ter 

Wk 1 Wk2 Wk3 Wk1 Wk2 Wk3 

1 5 . 2  29 . 3  45 . 9  2 1 . 9  32 . 9  53 . 1  

2 1 . 9  34 . 3  48 . 0  1 8 . 0  33 . 6  49 . 2  

23 . 3  34 . 3  46 . 9  1 5 . 5  3 1 . 8  4 7 . 1  

1 7 . 7  38 . 6  5 1 . 5  1 3 . 4  33 . 3  4 7 . 8  

19 . 5  34 . 1  48 . 1  1 7 . 2  32 . 9  49 . 3  

34 . 3  4 2 . 5  56 . 8  25 . 1  35 . 7  48 . 3  

1 7 . 6  30 . 1  4 1 . 2  24 25 . 1  6 1 . 4  

45 . 3  5 1 . 0  66 55 56 . 7  70 . 6  

7 . 7 30 . 1  4 1 . 5  
� 

53 . 1  6 2 . 3  76 . 3  
0 26 . 2  38 . 4  5 1 . 3  39 . 3  44 . 9  64 . 1  UJ I  
"Cl 
Cl) 
Cl) 
(/) 

� 

l l 
...::t "' 

0 "Cl I 
•.-I Cl) 0\ I' 
,1-J ("") L/"1 
t1l 1-< OBS : Thimat application - no t effective 
c:: Cl) 

•.-I s 
s Cl) "' ...::t cricket and snail at tack . 
1-< c:: Cl) . 
Cl) :l ,..., 0 0 N 
OD ..0 0 "' ...::t 

,1-J t1l ....... 
� :l ·.-I 
0 ..0 ::> 1-< (.) 
0 Cl) (/) 
....... "Cl ,1-J ·.-I 

Cl) ,..., "Cl 
:J ,1-J 1-< :l 1-< 
0 c:: ,..., Cl) 0 Cl) Cl) 

,..c:: •.-I Cl) ,1-J (.) ,..., ,1-J 
(/) s Ul r-i  p.. ,..., 

1-< ·.-1 :l Cl) •.-I :l 
Cl) ,..c:: 0 0 1-< 0 Cl u (.) ;:I:: E-< (.) 



,....., ,....., 
� H> ....., � 

-...! 
rt 0\ 

...... ::T w rt 
w 0 ::T 

0. . 
N l'i· ...... 0. . 1-'· . ., 
-...! I-' -...! ..... 
(X) I-' 00 I-' 

1-'· I-' 
::;j 1-'· 

I)Q ::;j 
I)Q 

� 
0 (t) 
tp (t) rl 

100% seed germinat ion 
(fJ 

seed germina tion ;>;" ., . .  No 1-'· 
...... "0 

I-' 
0'" en C/l (t) 
Ill 0 0 
en 1-'· El 0. 
(t) I-' (t) 1-'• 
0. � en 

No seedling emergence 
Ill (l 

No germination 
(t) (l 

0. ::;j c (t) 
1-'· 0. rt ;>;" (l 
Ill 0 
N 0. � N c 
1-'· (t) 0 I-' 
::;j Ill ., rt 
0 0. El (t) 
� en ., 

en � 
0 H> (t) 

No seedl ing emerge 
0. 0 

1 00% germina tion 
(t) 

(t) c ;>;" 
H> Ill � 
H'l ::;j 0. w 
(t) 0. no emergence 
(l 1-'· 
rt ::T � 
1-'· (t) 
� � ::T 
(t) (l 0 

m m � 
(t) 

::T 
100% seed germination 

(l (t) 
1-'· 0 No germina tion ;>;" 
0. c 
1-'· I-' ...... 
::;j rt 

I)Q (t) ::t: 
., 0 

"0 (t) 
I-' I)Q 
Ill ., (l 
(l 0 � 0 
(t) 0 (t) c 

No seedl ing emergence 
� 

No germina tion 
(t) I-' 

H'l (t) ;>;" rt 
0 !Jl (t) 
., N ., 

tu 
(l "0 
c "0 
rt Ill 

., � (t) 
0 � � 
., rt (t) 

seedl ing emergence 
El I-' 

1 00% germina tion bu t (t) 
No en 0...::: ;>;" 

Ill rt w 
rt ::T no emergence 

1-'· 
0. en 
tu 

0...::: rt � 
0...::: (t) 

100% seed germinat ion 
rt "0 

No germination 
(t) ("') 

1-'· (t) ;>;" ::T 
El 1-'· 
(t) 0 ...... en 

H> (t) 
I-' 

I)Q 
., (l 

;J> 0 0 
"0 0 c 
"0 � � I-' 
I-' m m rt 
1-'• (t) (t) 

No seedling emergence (l ::T No germina tion ;>;" ., 
Ill Ill 
rt � N 
1-'· (t) 
0 
� El 

0 
0 ., 
H> m � 

No seedl ing emergence 0'" 100% germina tion bu t (t) 
I-' m 

., 0 ;>;" 
Ill 0 no seedling emergence 
� en w 

(t) 



(h) 8th drilling 

27 . 2 . 78 
Reps Triple disc  coul ter 

Week 1 Week 2 

I 
c 

•r-4 
6 
H = 
(l) 
0.0 c 

0 
"0 ·r-4 
(l) +J 
(l) Cll 
rJl 

( i) 9 th dril ling 0 = 
z 

1 3 . 3 . 78 I No germ- Seeds 

I I  ination germinated 

I l l  but no 

IV emergence 

Mean 

OBS : No insect damage . 

( j )  l O th drilling 

28 . 3 . 78 I 30 . 8  

I I  1 6 . 6  
0 

I l l  
c 57 . 7  
c' 

IV 
0 1 8 . 0  •r-4 
+J 

Mean Cll 30 . 8  � 
·r-4 

� (l) 
(.) 

(l) c 
0.0 (l) 

0.0 
(l) H 
6 (l) 
0 6 (/) (l) 

Hoe coul ter 

Week 3 Week 1 Week 2 Week 3 

I 
c 

"r'l 
6 
H 

= (l) = 
0.0 = 

"0 c 
(l) 0 
(l) •r-4 
rJl +J 

= Cll 
0 

z = = 

1 2 . 7  No Seeds 1 2 . 7  

1 6 . 6  germin- germin- 25 . 8  

2 2 . 3  a tion a ted but 23 . 3  

30 . 5  no emer- 22 . 6  

20 . 5  gence 2 1 . 1  

Application o f  bran based diazinon 

36 . 8  

30 . 5  

65 . 9  

28 . 3  

40 . 3  

. -

c 
0 

•r-4 
+J 
Cll 
c 

"r'l 
6 
H 
(l) 
0.0 

(l) 
6 
0 

(/) 

4 5 . 7  59 . 1  

(l) 4 1 . 4  63 . 0  
(.) 
c 4 3 . 3  65 . 5  (l) 
0.0 
H 26 . 5  4 1 . 4  (l) 
6 
(l) 39 . 2  57 . 3  
0.0 
c 

·r-4 
...-1 
"0 
(l) 
(l) 
rJl 

0 
z 

Chisel coul ter 

Week 1 Week 2 Week 3 

I 
c 

·r-4 
E = 
H 
(l) = 
0.0 

"0 
(l) 
(l) c 
rJl 0 

•r-4 
0 .1-J = = 
z Cll 

No seed Seeds 1 9 . 9  

germin- germin- 44 . 6  

a tion ated 43 . 2  

but no 30 . 8  

em erg- 34 . 6  

ence 

(l) 1 9  44 . 2  
(.) 
c 33 . 6  53 . 5  (l) 
0.0 
H 59 . 8  74 . 7  (l) 
E 
(l) 1 8 . 7  43 . 9  c 

0 0.0 
·r-4 c 32 . 8  54 . 1  +J ·r-4 
Cll ...-1 
c "0 

·r-4 (l) 
6 (l) 
H rJl 
(l) 
0.0 0 

c 
(l) 
6 +J 
0 ;:l (/) ..0 



(k) 1 1 th drilling Reps Triple Disc coul ter Hoe coul ter Chisel coul ter 

( 10 . 4 . 7 8) Week 1 Week 2 Week 3 Week 1 Week 2 Week 3 Week 1 Week 2 Week 3 

I Seed germ- 33 . 2  5 1  Seed 2 7 . 2  44 . 9  Seed 25 . 5  5 1 . 3  

I I  ination 56 . 3  67 . 6  gerrnin- 27 . 9  55 . 2  germin- 36 . 8  56 . 7  

I l l  but no 50 . 6  55 . 3  ation but 2 1 . 6  55 . 3  a tion bu t 3 1 . 5  64 . 5  

IV ernerg- 54 . 5  59 . 5  no ernerg- 4 2 . 5  5 1 . 7  no ernerg- 43 . 5  66 . 9  

ence ence ence 

Mean 48 . 7  58 . 3  29 . 8  5 1 . 8  34 . 3  59 . 8  

( 1 )  1 2 th drilling I 29 69 . 8  69 . 8  33 . 6  7 3 . 3  7 3 . 3  32 . 9  74 . 8  74 . 8  

( 24 . 4 . 78) I I  38 . 2  7 6 . 9  76 . 9  26 . 5  7 7 . 6  7 7 . 6  26 . 5  7 7 . 9  7 7 . 9  

I l l  38 . 3  70 . 5  70 . 5  45 . 7  85 . 1  85 . 1  32 . 9  85 . 7  85 . 7  

IV 43 . 9  64 . 8  64 . 8  5 1 . 4  87 . 8  87 . 8  29 . 7  82 . 6  82 . 6  

Mean 37 . 3  70 . 5  70 . 5  39 . 3  80 . 9  80 . 9  30 . 5  80 . 3  80 . 3  

OBS : 

Applica tion of  bran based diazinon , ns insec t damage . 
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APPENDIX 1 0d 

Weekly soil mois ture and ambient measurements 

Weeks 0 
Av . temperature ( C) Relative humidi ty (%) Rain fall mm Soil mois ture content % 

Nov . 2 1 ,  1 9 7 7  ( 0-45  mm dep th) 

1 1 4 . 3  7 2  4 . 1  28 . 7  

2 1 5 . 3  79  9 . 2  23 . 6  

3 1 5 . 9  80 3 7 . 1  22 . 1  

4 14 . 3  74  1 9 . 7  3 2 . 2  

5 1 4 . 4  7 2  3 . 1  27 . 2  

6 1 4 . 2  66 3 3 . 7  23 . 5  

7 14 . 8  74 0 . 5  2 1 . 8  

8 1 7 . 1  7 2  0 1 7 . 7  

9 1 7 . 2  82 7 . 3 1 4 . 7  

1 0  20 . 0  7 8  0 1 1 . 5 

1 1  1 9 . 8  75  0 7 . 3 

1 2  - 19 . 2  76  2 . 4  5 . 5  

1 3  1 9 . 7  74  6 . 6  9 . 7  

1 4  1 9 . 2  74  0 7 . 1  

1 5  20 . 1  80 4 . 7  5 . 2  

1 6  1 7 . 3  67  0 6 . 6  

1 7  1 8 . 1  69  7 . 7  1 0 . 2  

1 8  1 5 . 2  69  3 . 9 1 4 . 5  

1 9  1 7 . 4  69 23 . 1  1 1 . 7 

20 - 8 1  0 . 7  1 5 . 4  

2 1  - 7 6  2 1 . 5  9 . 7 



22 1 5 . 6  88 7 7 . 8  28 . 1  

2 3  1 5 . 9  7 9  6 . 6  25 . 2  

24 1 1 . 1  85  5 . 3  3 0 . 2  

2 5  1 1 . 5  86 5 . 6 

2 6  

May 1 0 ,  1 9 7 8  



APPENDIX 10e 

\ Individual - monthly rain (mm) fall 1968-7 7  

1 9 7 8  68  69 70 7 1  7 2  7 3  74  75  7 6  

November 8 1 . 7  4 9  36  53 58 . 3  29 . 6  59 . 4  53 . 1  54 . 2  69 . 2  

December 1 00 . 6  1 4 5  9 2  7 4  54 . 4  39 . 8  26 . 6  7 7 . 9  1 0 1 . 7  82 . 3  

January 7 . 9  59 8 1  2 7  1 3 1 . 6  60 . 1  5 1 . 3  30 . 7  3 7 . 7  90 . 2  

February 9 . 0  so 70 6 89 . 9  46 . 8  1 5 . 0  5 5 . 5  29 . 6  60 . 4  

March 1 6 . 3  - 27  89 37 . 3  1 35 . 1  100 . 4  20 . 6  53 . 2  85 . 4  

Apr il 1 28 . 5  1 2 1  63  2 5  2 3 . 4  70 . 2  57 . 4  1 1 1 . 0 7 1 . 4  5 1 . 6  

May 4 2 . 3  1 36 107  103  1 38 . 7  1 1 0 . 9  1 1 7 . 2  1 20 . 8  1 29 . 5  104 . 4  

Mean 55 . 19 

s . e .  1 8 . 38 

Monthly average rainfall (Nov-May 1968- 7 7 )  is  s ignif icantly higher at  ( P  = 0 . 0 1 )  compared 

with (Nov - May 1 9 7 8) period . 

7 7  Mean Level 
68- 7 7  of  s ig-

nif icance 

7 6 . 7  53 . 8� * *  

94 . 0  7 8 . 7  * 

65 . 9  6 3 . 4  ** 

4 3 . 8  46 . 7  * *  

4 5 . 9 ' 65 . 9  * *  

88 . 5  68 . 2  * *  

1 1 3 . 3 1 18·0 * *  

70 . 67 * *  

8 . 7 9 



APPENDIX 1 1  

(a )  Specification of  experimen t 8 

Experiment date 

Species 

Seed germina tion po tential 

Typ e  of experiment 

Location 

Direct  drill-coul ter assemblies 

used 

Sowing dep th 

Row spacing 

Drill ing speed 

Condi tion of  parent vegeta tion 

Soil type 

Environmen tal condi tions 

Herb icides used , their rate of  

applica tion 

Seed covering technique 

Seeding rate 

Plo t  size  

Experimental des ign 

Insec ticide application 

Seedling emergence counts 

Herbage dry ma t ter yield 

measurement 

2 . 5 . 1 9 7 8 '' 

"Karamu" wheat 

96% (Massey Univers i ty , Seed Tech . 

Centre) 

Field s tudies 

Research & Development Uni t ,  Massey 

University 

Duncan drill adj us ted wi th 3 effective 

rows of three coul ter types viz .  an 

experimental chisel coul ter , hoe 

coulter , and triple disc coul ter 

along wi th two guard rows one on each 

side . All coul ters included a pre-dis c . 

Nominally 38 mm 

1 50 mm 

5 km/h  

Ryegrass pas ture , sheep grazed 

before drilling 

"Tokomaru sil t loam" 

Variable ambient condi tions 

Single applica tion 3 days before each 

drill ing in a blanke t  spray a t  5 . 6 1 /ha 

paraquat + 2 1/ha dicamba 

Bar harrow 

Nominally intra-row spacing 20 mm . 

4 m x 4 m 

Spli t-plo t  randomized blocks wi th 

4 replicates 

Bran based diazinon 

A weekly seedling emergence count until 

day 2 1  af ter drilling . 

On day 7 0  after d�illing 



APPENDIX 1 1  (b ) 

Se�dl ing Emergence % (day 2 1 )  

Herbicide 

Treatments Reps Triple disc Hoe coul ter Chisel coul ter 
coulter 

1 .  Paraquat 1 7 4 . 4  7 7 . 3  7 0 . 2  

sprayed 4 days 2 6 6 . 6  7 1 . 6 86 . 5  

before 3 7 1 . 6  7 6 . 6  7 4 . 4  

drilling 4 88 . 0  7 0 . 9  7 4 . 4  

Mean 7 5 . 1  7 4 . 1  7 6 . 3  

2 .  Paraquat + 1 5 3 . 2  6 8 . 1  6 7 . 3  

dicamba sprayed 2 4 1 . 8  4 9 . 6  58 . 8  

4 days before 3 60 . 3  7 5 . 1  6 3 . 8  

drilling 4 69 . 5  88 . 0  7 1 . 6 

Mean 56 . 2  70 . 2  6 5 . 3  

3 .  Paraquat 1 64 . 5  7 6 . 6  6 5 . 9  

sprayed 4 hours 2 7 8 . 7  . 7 5 . 1  80 . 8  

before drill ing 3 8 1 . 5  80 . 1  7 9 . 4  

4 7 0 . 2  6 3 . 1  7 6 . 6  

Mean 7 3 . 7  7 3 . 7  7 5 . 6  

4 .  Paraqua t + 1 4 9 . 6  5 5 . 3  8 7 . 2  

dicamba 4 hours 2 80 . 1  8 2 . 2  7 6 . 2  

before drill- 3 65 . 2  88 . 7 3 . 7  

ing 4 56 . 2  6 2 . �  7 4 . 4  

Mean 6 2 . 9  7 1 . 9 7 7 . 9  

5 .  No spray 1 6 5 . 9  6 6 . 6  7 2 . 3  

grass grazed 2 6 5 . 2  6 8 . 1  7 3 . 0  

to '=' 50 mm 3 5 5 . 3  60 . 3  7 1 . 6 

height  4 60 . 3  5 6 . 7  6 3 . 1  

Mean 6 1 . 6  6 2 . 9  7 0  



APPENDIX 1 1 c 

Analysis o f  Variance Table 

Treatments 

Herb icide spray type 

and t ime of appl ication 

Coulter typ es 

Herbicides x coul ter types 

Replicates 

Error 

Total 

DF 

4 

2 

8 

3 

4 2  

5 9  

F p 

3 . 8 1  0 . 009  * *  

3 . 02 0 . 05 9  * 

0 . 7 4 0 . 650  

0 . 5 1  0 . 6 7 4  

J 
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