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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 . 




