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ABSTRACT 

Although s ub surface d rainage o f  pas t ure soils is widely p rac ticed 

in New Zealand there is l i t t l e  informatio n  availabl e  which detail s the 

l ikely b enefits o f  such drainage s chemes . As drainage is becoming 
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increas ingly expens i ve there is a need for mo re quant i t a t ive da ta on which 

to  b as e  assessments o f  the l ikely cos t-ef fectiveness o f  proposed s chemes . 

The e ffec t o f  subsurface drainage on certain s oil and plant properties 

was inves tigated at a res earch s i te on a sheep and b ee f  farm 6 km f rom 

Palmers ton No rth . The so il type was a yellow-grey earth , with poo r  

d rainage due t o  water  p erching o n  the f ragipan . O f  nine plots , each 

0 . 4 ha in a rea , three were l e f t  undrained and s ix were mol e  dra ined . 

Three o f  the drained plo ts had conventional pipe col lec t ing drains and 

the o ther three us ed maj o r  mo le channel s as collecting d ra ins . The 

resea rch s i t e  was gra zed as part  o f  the normal farm rota t ion . Da ta were 

coll ected in 198 1 prior to the ins talla t ion of drains , then from 1 9 8 2  to 

1 9 84 .  

Wa tertable levels were mon i tored in a series o f  four groundwa ter 

obse rva t ion wel ls on each plo t  and the gravimetric wa ter con tent of the 

top 30 mm o f  each plo t was determined on a regular basis from so il co res . 

So il t empera ture mea surements were made at SO mm dep th on a pipe-mole 

and undra ined plo t ,  us ing th ermi s t o r  th ermometers , and  at  100 mm depth on  

all the  pipe-mo le and undrained plo ts  us ing mercury-in-glass thermometers . 

Pas t ure growth rates were measured in caged areas us ing a 

capac i tance pas ture meter and by mowing . Res idual p as ture left by the 

gra z ing animal was determined us ing small quadra ts , the pas ture meter and 

by visual a s sessmen t . Bo tanical compo s i t ion was determined by point 

ana lys is  and disse c tion of samples r emoved from the caged areas . Available 



soil nitrogen , phosphor� and s ul phur in  the top 75 mm o f  each plot ,  and 

the total l e vels o f  these three nut rients in gra s s  and c l o ver grown on 

the plo ts , were measured us ing s tandard procedures . Two radioa c t i ve 

iso topes ( 32p and 35s )  were us ed s imul taneously to  s tudy the plant roo t 

a c t i vity on the undrained and pipe-mole plo ts . 

Da ta f rom groundwa ter observa t ion wells showed tha t mole dra inage 

was very effect ive at lowering the wa t ertable following hea vy ra in in 

winter or sprin g .  There was n o  s ignificant difference b e tween wa ter-

table depth on the pipe-mol e  and mole-mole plo ts . The close p roximi ty 

of the wa tertable to the surface on the undrained plo ts was ref l ec ted in 

high soil wa ter content values for  the top 30 mm o f  soil . 

Di f ferences in water content o f  the surface soil b e tween drained 

and undra ined plots did not affect  the levels of extrac table phospha t e ,  

s ulpha te , ammonium or nitra te o r  the pH in the top 7 5  mm o f  soil . Soil 

tempera ture measurements at SO and lOO mm dep th showed that drained plo ts 

did no t warm any mo re quickly in spring than did undra ined plo t s . A 

s impl e ma thema t ical analys is con f i rmed tha t the lowering o f  the so il hea t  

capa c i ty b y  drainage woul d no t be expec ted t o  a f fect  soil temp e ra ture 

s igni ficantly in a yel low-grey earth under pas ture. 

Th ere was little  difference in pa sture growth ra tes and u t ilisa tion 

during the very dry winter and spring o f  1 9 82, but during mob gra z ing in 

the we tter win ter o f  1983 utilisa t ion was approxima tely 2 5% greater on 

d rained than undrained plo t s .  Subsequentl� u tilisa tion o f  pas ture by 

sheep which were s e t  s tocked in spring continued to b e  poo rer on the 

undra ined plo ts , with approxima t ely 35% more res idual d ry ma t te r  

remaining on the und ra ined than on the drained plo ts .  From the t ime of  

mob gra zing in July until the end of  s p ring bo th mowing and the  pas ture 

meter  da ta showed tha t  growth rat es were approximately 30% greater o n  

the drained plo ts . 
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Point analysis a t  the end o f  s pring revealed that on the undrained 

plo ts there was a 3-fol d increas e  in the incidence o f  weeds , a 4-fo l d  

increase in the incidence o f  b are ground and a 2-fo ld decrease in the 

incidence of cl over compared with the drained plo ts . Almo s t  

ident ical results were ob tained from herbage dissec tions . 

There was also a dec rease in the concentrat ions o f  N ,  P and S in 

the dry ma t ter of grass and c lover g rown on the undrained plo ts compared 

with that grown on the drained plo ts . 

mos t part small and ephemeral . 

These differences were for  the 

Iso tope uptake s tudies s howed tha t in winter dra inage enab l ed b o th 

grass and clover  roo ts  to extrac t bo th sulphate and phosphate from a 

greater depth , with approximately 6 %  o f  the rela tive roo t a c t ivity 

o ccuring at  40  - 80 mm depth on the undrained plots  compared with 

approximately 15%  on the d rained plo ts .  In s pring, app roxima tely 1 6 %  

o f  the relat ive roo t a c t ivi ty was a t  8 0  - 200 mm depth o n  the undrained 

plo ts  compared with approxima t ely 2 6 %  on the drained p lo ts.  

The benefits  of  drainage became apparen t only a f ter grazing on a 

we t s o il and were probably due to the effect  tha t d rainage had on the 

wa t e r  con tent and so s t rength of  the surface soil . Drainage inc reas ed 

the b ea r ing s t rength o f  the surface so il, minimi z ing t reading damage to 

both the swa rd and the soil s t ruc t ure and therefo re enhancing both 

pas t ure u t il isa t ion during gra z i ng , and subsequent regrowth. 

A s impl e ma thema t ical mo del was developed ,  which used wea ther data 

to p redic t the wat e r tab le l evels in bo th drained and undrained soil . 

By varying ce r t a in s o i l  proper t ies and drainage des ign parame ters wi thin 

the model , the l imi t ing s t eps in the drainage process in the Tokomaru 

s il t  loam were inves tiga t ed . The model was also des igned to calcula te 
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the number of days over the winter-spring period on wh ich the surface soil 

would  be so  we t tha t grazing would have the adverse consequen�described 



abo ve . In a year o f  average rainfall , mole d rainage reduc e d  the number 

of  such ' unsafe ' gra zing days f rom 69  to  10 . By comparing the numb er 

o f  'unsa f e' g razing days for differ ent rainfall regimes some idea o f  

the cos t-effec tivenes s o f  drainage may be ascer tained. 
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b e tween drained (Plo t 8) and undra ined (Plo t 5 )  

plots  a f ter the Jul� 1 9 8 3  grazing . . . . . . .  
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4 . 3  Effect o f  wa tertable level on p as t ure u tilisa t io n .  

The rankings used were : -

1. Fully utilis ed - remaining herbage 

approximately 10  mm in length . 

2 .  Moderate utilisatio n  - remaining herbage 

20 to 30 mm in l ength .  

3 .  Approximat ely o ne half o f  the pas ture 

u t ilised - remaining herbage about 

50 mm or great er in length . 

4 .  Top of  pas t ure utilis ed - mos t o f  the 

herbage was flat tened and uneaten . 

5 .  No herbage ea t en - herbage jus t  

fla ttened into the mud • .  

4 .  4 Mean values o f  pas ture cover o n  the pipe-mo le (0--0) 
Plo ts 4 and 8 and undrained (e--e) Plo ts 7 and 5 

measured using the quadrat t echnique. Leas t 

significant dif ference (LSD) a t  the 5 %  level 

4 . 5  Mean va lues o f  pas ture cover o n  the pipe-mole (0--0 ) 
Plo ts 8 and 4 and on the undrained (e--e) Plo ts 7 and 

5 measured using the pas ture meter . Least 

significan t dif ference (LSD)  a t  the 1% and 5% l evel 

4 . 6  Pas tur e growth rates in 198 1 for pipe-mole (0-�), 
mol e-mo le eo--a) and undrained ( ....... ) plo ts measured 

using the mowing technique .  Mean values are drawn 

at  the mid-point b e tween harves t da tes c+>. 
Leas t signif icant difference ( LSD) a t  the 5% level 

4 . 7  Pas ture growth ra tes in 1 9 8 2  for drained (0--0) and 

undrained (e--e) plots mea sured using  the mowing 

t echnique . Mean va lues are d rawn a t  the mid-point 

between harvest  da t es et>. Least  significant 

dif fer ence (LSD) at the 5%  level . 
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4 . 8  Pa sture growth rate s  in 1 9 83 for d ra ined (0--0) and 

und rained (e--e) plo ts measured using the mowing 

technique . Mean values are  drawn a t  the mid-po in t 

b e tween harvest da te s  Ct). Least significant 

difference (LSD) at the 1 %  and 5% l evel for 

harve sts a f ter July 

4 . 9 Pa sture growth rate s  in 1983  for drained (0--0) and 

undra ined plots (�) mea sured using the pa sture 

mete r .  Mean values a re drawn a t  the mid-point 

b etween harve st d a te s  Ct). Least significant 

d i f f erence (LSD) at the 1 %  and 5% l evel . . 

5 . 1 Clover and weed content o f  sward ( expressed a s  a 

percentage) on pipe-mol e  (0--0), mo le-mole (D-···0) 
and undrained (..._.) plo ts mea sured by h erbage 

di ssection in 1 9 8 2  . . . .  · . . .  

5 .2 Perc entage o f  N ,  p and s in grass and cover in the 

spring - summer period o f  19 83/1984 . Least 

signi ficant difference (LSD)  at the 1 %  and 5 %  l evel . 

5 . 3  So il te st da ta fo r pipe-mole (0--0) mo l e-mo l e  (O···D) 
and undrained c.-.) plo ts in 1982 . Least 

signif icant dif ferenc e (LSD)  at  the 5%  l evel . . . . 

5 . 4  Soil test da ta for p ipe-mole (0--0), mol e-mo l e  ( 0··-D) 

and undra ined (�) plo ts in 1 9 83 . Lea st 

significant difference (LSD) a t  the 5% level 

5 . 5  Relative roo t a c tivi ty mea sured in S ep temb er ,  1 9 83 . 

Mean values for uptake of  a tracer by a species from 

a pa rticular zone fol lowed by a different low er ca se 

l e tter are signif icantly diff erent a t  P � 0 . 0 5 . 

Mean values followed by d i f ferent upper case l e tters 

are significantly d i f ferent a t  P � 0 . 0 1  

. . . 
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S. 6 Rel ative roo t  a c tivity mea sure<L:in Dec ember , 1983. 
Mean values for up take o f  a tracer by a species 

from a particular zone followed by a d i f ferent 

lower case letter are signi ficantly d i f ferent 

a t  P � O. OS. Mean values fo llowed by dif ferent 

upper case letters are significantly d i f ferent 

at P � 0 . 0 1  

5 .  7 Vol umetric wa ter  content o f  pipe-mole  �--0) 

6 .  1 

and undra ined (�) so il pro f il es on two occas ions 

in the summer o f  1984. For depth s  where a (*) 
appears the dif ference b e tween the mean values fo r 

the drained and undrained plo ts wa s s ignificant 

a t  P � 0 . 0 5  

Soil tempera tures a t  100 mm depth o n  dra ined (0 ) 

and undra ined (e) plots in 1983 • . . . . 

6 . 2  Watertable depths and daily maximum (e,O), mean 

C•,D) and minimum C•,b) so il tempera tures at 

SO mm depth f rom 1 August to 1 0  S eptemb er, 1984. 
Open symbols a re for the dra ined plo t  and closed 

symbol s for the undrained plo t. If  the wa ter-

table was deeper than 450 mm it wa s a s signed a 

value o f  4SO mm . . . 

6. 3 The simula ted annual temperature cyc l e  a t  200 mm 

depth in drained (--� a nd undrained (---) so il 

6.4 The s imulated diurnal soil heat flux dens ity ( f )  

and soil temperature a t  50 mm dep th on  a clear equ inoc ta1  

day . Al so shown are the so il temperatures mea sured a t  

SO mm depth on 9 - 10 Sep temb er ,  1984(e} • . . . . .  

6 . S S imul ated diurnal soil temperatures a t  four depths 

in drained (--) and undrained (-- -) soil 
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7 . 1 Equivalen t  dep th o f  wa ter (W) in the top 450 mm 

of  the soil pro fil e as a func t ion of 

wa tertabl e  depth (T)  . • . . • . 

7 . 2 A comparison o f  s imula t ed ( ----) and measured (e) 
wat e r table l evel s in an undrained soil fo r ( a )  1 9 8 3  

and (b )  1 9 82 . Also shown ( c )  is the s imula ted 

wa tertable l evel in undrained soil in 1 9 76 . I f  

the wa tertabl e was deeper than 450 mm i t  was 

as s igned a val ue o f  450 mm . . 

7 . 3  A cro s s -sectional view o f  the soil as  i t  was imagined to 

be sect ioned into a number ( f )  of compar tments inc luding 
3 -1  compar tments c- 1 ,  c and c+ 1 .  Qc (mm d ) is the rate 

at  wh ich wa ter flows ou t of  compartmen t c,  Qc - 1  is the 

ra te at which wa ter f lows into compartmen t c and Q0 is 

the rate  at whi ch water flows across the wa tershed 

( i . e .  the mid-point b e tween the moles w ith a spac ing 

s (mm)) which is equal to zero . Qf is the f low to the 
3 -1  

mole from the final compartment ( f ) . Rc-1 (mm d ) 

is the rate  of  s ur f ace runof f  onto compar tmen t c and 

Re is the ra te of  s urface runoff  o f f  compartment c .  

Rf is the surface  runo ff  from the f ina l compar tment ( f ) .  

D is  the daily ra infall  minus evapo t ranspira t ion 

7 . 4  Comparisons of  s imula t ions o f  the decl ine in the rate  of  

flow in the  dra inage f rom a 0.4 plo t ( Q )  fo llowing rain 

us ing the hydraul ic  conductivity values KA = 3 7 2  mm d
- 1  

- 1  and KB = 37 mm d and the values o f  S catter e t  al . 

( 1 979a)  with measured rates of  decl ine (.---.) .  

S imula t ions were carried ou t wi th 0 mm d
-l 

( - -) and 

1 mm d- 1  
(-- --) evapo transpira t ion . •  

7 . 5  A comparison o f  s imul a t ed ( ----) and meas ured (e) 
wa t ertable l evels  in a pipe-mole  drained soil for 

( a )  1 9 8 3  and ( b )  1 9 8 2 . Also shown ( c )  is the 

s imula ted wa ter tab l e  l evel in a pipe-mo l e  drained 

soil in 19 76 . I f  the wa tertable was d eeper than 

450 mm i t  was a s s igned a value of 450 mm 
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7 . 6  A comparison b e tween s imul a ted watertable l evels for a 

pipe-mole drained (- - - -) and undrained soil (---4) fo r 

( a ) 1983  and (b ) 1 9 76 . I f  the wat ertable was deeper  

than 4 5 0  mm i t  was assigned a value of  4 50 mm 

7 . 7 Numb er o f  unsafe grazing days on drained and 

undrained soil in the winter-spring period o f  

1 982 , 1 9 8 3  and 1 9 76 

8 . 1 S imulat ion o f  pro f iles dep i c t ing the pos i t ion o f  

the wa t ertab le a s  i t  fal ls  f rom 

A drainage co efficient o f  10 mm 

evapo transp ira t ion rat e  o f  1 mm 

the surfac e .  
- 1  

d , and an 
- 1  

d have been 

assumed . The numbers on the curves are 

t imes in days 

8 . 2  S imula t ion of the e f f ec t  o f  varying the hydraul ic 

conduc t ivity on th e fall of the watertab le from 

the soil surface . A dra inage coefficient o f  
- 1  

1 0  mm d and an evapo t ranspira t ion ra te of  
- 1  

1 mm d have b een assumed . • 

8 . 3  S imul a t io n  o f  the e f f ec t  o f  varying dra in spacing ( s ) 
on the fall o f  the wa tertable from the soil s urface.  

A dra inage co efficient o f  10 mm d
-l 

and an evapo­

t ranspira t ion ra te o f  1 mm d
-l 

have been assumed 

8 . 4  S imula tion of  the e f f ec t  o f  vary ing drain spacing (s)' 

on f low in the drains . Also shown is  the t ime taken 

for th e watertab le to  reach a dep th of 200 mm Ct) 
and 325  mm(�) for the dif feren t drain spacings . 

A drainage coe fficient o f  10 mm d
- 1  

and an evapo-
. · f 1 d

- 1  
have b d t rans p 1rat 1on rat e  o mm een as sume . 

8 . 5  S imula t ion of  the effect  o f  varying the evapo transpira t ion 

rate (E)  on the fall of the wa tertab le from the soil  

surface for  dra ined (--) and undrained (- - - � soil . 

For the drained soil a drainage coef ficient o f  1 0  mm d-
1 

has been assumed . • . . . . . . . . . . . . .. 
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8 . 6  S imula t ion o f  wa t er l eaving the drained soil pro fi l e  

as drainage (--) and evapo transpira t ion (- - - -1. 
Also shown is the t ime taken for the wat ertab le to 

reach a depth o f  200 mm Ct) for differen t 

evapo transpira t ion rates . A drainage coefficien t  
-1 o f  10 mm d has b een assumed 

8 . 7  S imula t ion o f  the e f f ec t  o f  varying the d rainage 

coefficient ( I )  on the fal l  o f  the wa ter table 

from the s o i l  surface . An evapo transpira t ion 
- 1 

rate o f  1 mm d has b een as s umed . • . . . . . 

8 . 8  S imula t ion o f  the e f f ec t  o f  varying the drainage 

coefficient on the ra te o f  f low in the drains . 

Also shown is  the t ime taken for the wa tertab l e  

to  reach a depth o f  200 mm Ct) for different 

d rainage coe f ficients . An evapotranspira t ion 
- 1  

rate  o f  1 mm d has b een a s s umed . . . • . . .  

8 . 9  S imul a t ion o f  the effect  o f  varying the values 

8 . 1 0 

o f  ai on the fall  of the watertable from the soil 

surfac e .  A drainage coeff i c ient of  10  mm d-1 

and an evapo t ransp ira t ion ra te of  1 mm d
- 1 

h ave b een assumed . • • . 

S imul a t ion o f  the effec t o f  varying the value o f  

a i o n  the ra t e  o f  f low in the drains . A 

d · f f '  · f 10 """' d
- 1  

and ra1nage coe 1c1 ent o .�.. an 

174 

1 7 6 

1 7 8 

1 80 

- 1  
evapo transpira tion rate o f  1 mm d have b e en assumed . . . . 181 

8 . 1 1  

8 . 1 2 

S imul a t ion o f  the effec t  o f  varying the values o f  

ai o n  the amount o f  water  tha t has l e f t  

t h e  soil as  t h e  wa tertabl e  f a l l s  from the soil 

s urface . A drainage coe ff ic ient of 10  mm d- 1 
and 

- 1  
an evapo t ranspira t ion ra te o f  1 mm d have b een assumed. 

S imul a t ion o f  the equiva len t depth o f  wa ter per day (W) 

l eaving drained soil (0 ) as d rainage and surfac e  runo ff 

and undra ined soil (e) as surface runoff  in 1 9 76 

18� 

1 84 
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C . 1 Dimens ionless t empera ture as  a func t ion  o f  

dimens ionl es s t ime during l abora to ry thermal 

d i ffus ivi ty measurements . The l ine is  

equat ion ( C . 3) and the da ta po ints are  for 

one of the cores dur ing warming (e) and coo l ing (O) . . . . . . 200 

D . 1 P rogram l i s t ing and sample ou tput for 

trans ient drainage o f  a sa tura ted soil  profile  

D . 2 Mo delled wa tertable l evel (T) and volumetric 

wat er con tent (8) a t  5 mm dep th when ins tantaneous 

ma t ric po tential equil ibr i um in the unsa tura ted 

so il is assumed (� and when t rans ient flow in 

the unsa tura ted zone is taken into account (- - -) .  

The s o il prof ile is assumed to b e  ini t ially 

sa tura ted and to  have a ver t ical drainage flux 
-1 

dens i ty of 10 mm d . • . . • . • . • . . . .  

E . l  Pro gram l i s t ing o f  the model described in 

Chapt er 7 fo r p redi c t ing watertab le levels 

in a mole drained soil . 

F . l  Comparison between s imulated and measured 

gravime tric wa ter content of the top 30 mm 

o f  the dra ined (0) and undrained (e) soil pro f i l es 

F . 2 Comparison between s imul ated (----) and measured 

(0--0) wa tertab le dep ths a t  a posi t ion midway 

between mol e  channels 

F . 3 Comparison be tween s imula t ed (� and measured 

(0 --0) water tab le dep ths a t  a pos i t ion adj acent 

to  the mole channel 
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3 . 1 Res pons e times fo r the pipe-mo le and mol e-mo l e  

sys tems in 1 9 8 3  ( i . e .  the t imes flow b egan a f ter 

rainfal l and the times f low peaked) . . . . . 

3 . 2  3 
Volume o f  water (m ) that flowed through the 

weirs during the f ir s t  1 2  hours af ter the 

commenca�ent o f  f low . 

4 . 1  Pas ture u t il ised during mob grazing in July, 1 9 83 . 

Mean values for a p articular measurement technique 

fol lowed by a d i ff erent l et te r  are s ignif icantly 

d i fferent at P � 0 . 0 1  . 

4 . 2  Rel a t ionship b e tween pas t ure u tilisa t ion,  

pugging and dep th to  the wa tertable obs erved 

in July , 1 9 8 3 . Mean values o f  a parameter 

followed by a dif ferent l etter-are 

s igni ficantly d i f fe rent a t  P � 0 . 0 1  

4 . 3  Pas ture utilised during mob grazing in 

July , 1 9 84 measured us ing the pas ture meter 

4 . 4  Mean values for the d ens ity  o f  dung on dra ined 

and undra ined plo ts . Mean values for  a 

part icular da t e  followed by  a different l e t ter a re 

s i gnificant ly d i fferent a t  P � 0 . 0 1  

5 . 1 Pas ture compos i t ion ( expressed as a percentage) 

fo r dra ined and we t a reas of undrained plots  

measured by the po int analysis technique on the 

5 December, 19 8 3 .  Mean values fo r a ca tegory 

followed by a d i f fe rent let ter are s ignif icantly 

d i f ferent at P � 0 . 05 . 
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5 . 2  Clover and weed content o f  sward ( expressed as a 

percentage) measured during spring and early 

s ummer o f  1 9 83/19 84 by d issec t ion . Mean va lues 

of  a ca tego ry for a harves t followed by a dif feren t  

l e t ter are sign i fican tly dif ferent a t  P � 0 . 0 5  . 

5 . 3  Pas ture compo s i tion (expressed as a percentage ) 

fo r drained and we t areas o f  undrained plots 

measured by the po in t analysis technique on 

the 2 April , 1 9 84 . Mean values for a catego ry 

fol lowed by a d i f ferent l e t ter are s ignif ican tly 

d i fferen t at  P � 0 . 05 . . . . . . . . . . . .  . 

5 . 4  Soil  tes t da ta ob tained during the S ep temb er and 

December isotope trials ( 1 983).  Mean values a t  

a part icul ar dep th for a nutrient fol lowed b y  a 

d i fferen t l e t ter are s igni ficantly dif ferent 

at P � 0 . 0 5  . . . . . . . .  

7 . 1 S o i l  water data for the four layers o f  Tokomaru s il t  

loam under cons idera tion , a long wi th the value o f  the 

coe f f icient ai def ined by  equation ( 7 . 6) for each layer 

7 . 2  

A . 1 

B . 1  

D . 1 

Coe fficients for  use in equa t ion (7 . 1 3) 

along with range of  W for which they apply 

Pro f ile descrip t ion of  Tokomaru s i l t  loam in Da i ry 

Farm No . 4 ,  Mas sey Univers i ty ,  Palmers ton No rth ( Po 1 1ok,l9 7 5 ). 

Percentage N ,  P and S in grass and clover for the 

spring - summer period of 1 9 82/ 1 9 8 3  

Explanat ion o f  main symbols used i n  Fig . D . 2 
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