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Heavy clay soil with poor dra.inage and poor 
water retention capacity~> is distributed on 
the coastal area of Hokkaido along the Sea 
of Okhotsk. 'fhe so-called heavy clay soils are 
classified into several soi l types; mainly 
Pseudogley soil and Brown Forest soil, and 
others. They are distributed on the coastal 
terrace, reflecting differences of water en
vironment due to micro-relief, and composing 
soil complex. The available moisture in these 
soils down to the depth of 50 cm from the 
surface is about 30- 60 mm and the TRAM 
(total readily available moisture) is about 15-
30 mm. 

In this area dairy farming is undertaken 
because of the cool weather condition. In the 
spring-summer season, during which grasses 
require a plenty of water, there is scanty rain
fall. The average rainfall in the period from 
May to August is about 380 mm with 14°C 
of average temperature. A long spell of dry 
weather more than 20 days occurs once in a 
year in an average between May and August, 
and that of 30 days once in 2 years. The 
grass production is unstable there, because 
pastures on the heavy clay soils are frequently 
damaged by the dry weather. 

In recent years the rate of increasing pas
ture area has declined due to decreasing area 
of virgin land while the number of cows bred 
per hectare of pastures has increased. Inten
sive management of the pastures is needed 
for the development of dairy farming in 
this area. 
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Deep plowing or other subsoil improvement 
practiced to prevent water deficiency had 
shown to increase grass production by 10% 
in an average, and 20-30% at the maximum. 
However, these practices could not overcome 
water deficiency fundamentally. 

We investigated the effect of frrigation 
on pastures on the heavy clay soil with the 
purpose of knowing a suitable amount of 
irrigation water for the grass production 
under the cool weather condition in northern 
Hokkaido. 

Grass growth and soil water con
ditions3i 

By a pot culture experiment, growth of 
orchardgrass in the process of soil drying 
was studied to know the relation between soil 
water conditions and grass growth. It was 
observed that the orchardgrass stopped grow
ing and relative turgidity of its leaves (RT) 
became below 90% when pF of soil moisture 
was increased to above 3.0 (Fig. 1) . The 
grass kept RT higher than 90% at the con
dition under which it grew normally. 

Observations in the field of Pseudogley soil 
showed that 15 days of continuous fine weather 
had elapsed before RT value of the grass 
lowered to below 90%. At this time, accumu
lated pan evaporation showed about 50 mm, 
pF value of the surface soil layer reached 
4, readily available water in the soil layer 
down to 30 cm in depth from the surface had 
been used up thoroughly ( Fig. 2) . The soil 
moisture depletion has 1·eached 40-50 mm, 
and this soil water depletion was approxi
mately equal to the amount of accumulated 
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Fig. 1. Effect of soil moisture on R'l' and 
growth rate of orchardgrass leaves 
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pan evaporntion. 
Fig. 3 shows one example of the relation 

between the grass yield and the amount of 
rainfall in the first regrowth period (ca. 50 
days from .May to June) . It seems that about 
150 mm of rainfall is optimum for the grass 
production during that period. The reason 
for the occurrence of the supraoptimal rain
fall seems to be attributed to the fact that 
at the beginning of the regrowth, the soil is 
saturated with water by thawing snow in 
early spring every year. This optimum amount 
corresponds to the estimated amount of evapo
transpiration in the regrowth period, i.e. 
3 mm/dayx50 = 150 mm. It suggests that the 
good soil moisture condition for grass growth 
is near the field capacity, without water ex
cess and minimum leaching loss of nutrients. 

Reduction of grass yields observed on sever
al main soils in a dry year is shown in F ig. 4. 
The first cutting yields were measured on 28 
plots of an experimental field in Ohmu-cho in 
two years, i.e., a dry year 1980 and a wet 
year 1981. The rainfall and soil moisture con
ditions in the dry year (1980) are shown in 
Fig. 5. 
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Great differences in grass yields were ob
served among different soils, because the grass 
yields were closely related to chemical and 
physical fertility of each soil. However, the 
most important point to be noticed is that 
the ratio of the grass yield in the dry year 
to the yield in the wet year is quite similar 
for all soils, irrespective of remarkable dif
ferences in water-holding capacity of these 
soils (Table 1) . Particularly, Gley Upland soil 
has the greatest water-holding capacity due 
to its thick muck layers. Therefore, it seemed 
that the grasses on this soil might not be ex
posed to the same level of water deficit as 
occurred in other soils. But, the ratio of yield 
reduction was similar to that in other soils. 

Fig. 4. Grass yields in a dry year (1980) 
and a wet year (1981) on 6 dif
ferent soils (Ohmu-cho) 

Then, what is the 1·eason for this interest
ing phenomenon? In grasslands, particularly 
old ones, nutrients are present on soi l surface 
due to surface application of fertilizers . These 
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Table 1. Available water content of main soils in Ohmu-cho 

(mm/0-50 cm, soil layer) 

Gley Upland Pseudogley Brown Forest Brown Forest Brown Lowland Gray Lowland 
soil soil soil (terrace) soil (hill) soil soil 

Readily avairable 
water (pF 1. 5-3. 0) 92 29 46 38 47 46 

Total available 172 84 
water (pF l. 5-4. 2) 

92 75 93 82 

Proportion of area 
distributed 9.4% 43. 0% 18.3% 13.8% 11.5% 1.6% 

Table 2. Chemical properties of Acid Brown Forest soil of Ohmu-cho 

Layer 
(depth cm) Texture T- C T- N C/ N 

Ap (0-20) LiC 2.48 0.177 14.0 

B21 (20-35) HC 1.53 0.138 11.1 

B22 (35-50) HC 1.26 0.098 12.9 
BC, (50-80) LiC 1.06 0.100 10.6 

BC2 (80-95) LiC 0.93 0.088 10.6 

Table 3. Available water and TRAM of Acid 
Brown Forest soil of Ohmu-cho 

Depth 
Field 
capacity 
(pF value) 

0-19 1.53 
-20 1.51 
-30 1.51 
-40 1.51 
-50 1.49 
-60 1.45 

Soil 
Available moisture 
moisture extraction 

(mm) pattern 
(%) 

8.8 
9.0 
5.5 
5.3 
6.1 
4.2 

30.1 
31.1 
18.1 
11.5 

4.9 
3.5 

TRAM 

28.9 

nutrients may not be absorbed by grass roots 
unless they are dissolved in rain water and 
moved down into soil layers where grass roots 
are distributed. In other words, the yield 
reduction of grass in the dry year was mainly 
caused by insufficient nutrient supply to grass 
roots due to lack of rain water, rather than 
by a direct effect of insufficient watel' supply 
to roots. Conversely speaking, water absorp
tion not accompanied with nutrient supply is 
not so effective for plant growth. 

For the same reason, the inigation applied 
to grasslands in dry season may similarly be 
effective for all types of soi l, with minor re-

Exchangeable castion Available PP5 pH (me/ 100 g soil ) 
(H 20) CEC (Bray II) 

K Ca Mg (mg/ 100 g soil) 

5.9 28.5 0.96 3.16 1.44 4.3 
5.6 24.5 0.48 2.24 1.46 0.4 
5.3 25.9 0.53 1.39 1.11 0.3 
5.2 25.4 0.69 0.87 0.70 0.2 
5.3 24.9 0.76 0.97 0.88 0.2 

lations to water retention capacity of soil. 

The effect of irrigation on grass 
production~> 

A series of experiments were carried out 
on a pasture of orchardgrass mixed with 
white clover extending on Acid Brown Forest 
soil (Dystrochrept) at the coastal terrace of 
Ohmu-cho, 50 km north of Komukai, at an 
altitude of about 60 m, during 4 years 
from 1979 to 1982. The pasture was estab
lished in 1969, by sand dressing and under
cl\'ainage. The characteristics of the soil are 
shown in Tables 2 and 3. The spray inigation 
was employed. The rate of irrigation was 
adjusted to enable 0, 2, 5 and 8 mm/day of 
water supply including irrigation water and 
effective rainfall (>5 mm/day) , during each 
7-day period. Therefore, irrigation is made 
once a week except in the 8 mm/day plots, 
in which it was made twice a week to prevent 
loss of water. 

In each experimental plot, 25 a in size, 
several small splinklers were arranged to keep 
uniformity of irrigation. 



Table 4. Grass yield (expressed by percentage), amount of water supply (mm/ day), 
and weather condition 
-

1979 1980 1981 1982 Total of Plots Cutting - - 4 years 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

Standard fertilizing Yield (in the parenthesis, ton/ ha is given) 

Control (no irrigation) 100% 100 100 100 100 100 100 100 100 100 100 100 100 
(5. 75) (2. 31) (0.89) (3. 16) (1. 90) ( 1. 60) (2. 68) (2.17) ( l. 35) (4. 02) ( 1. 52) ( 1. 05) (28.40) 

2 mm/ day 99 141 136 133 128 177 131 131 172 110 157 179 130 
5 mm/ day 90 167 169 136 132 173 130 119 153 103 188 187 131 
8mm/ day 94 161 151 138 136 188 123 116 124 90 193 187 128 

Slurry applied 
Control (no irrigation) 100 100 100 100 100 100 100 100 100 100 100 100 100 

(5. 75) (3.04) ( 1. 99) (3. 52) (2.57) (2.46) (3.86) (2.53) ( 1. 82) (4. 01) ( 1. 63) ( 1. 42) (34.60) 
2 mm/ day 95 130 112 153 99 145 135 104 140 140 224 264 135 
5 mm/ day 93 139 88 167 107 131 108 104 116 151 198 232 129 
8 mm/ day 96 146 78 173 96 82 107 105 112 128 168 206 121 

Amount of irrigated water (mm) 

2 mm/ day 0 42 17 65 84 28 26 14 0 43 44 0 
5 mm/ day 0 123 65 170 210 89 65 35 0 116 124 0 
8 mm/ day 0 207 128 235 256 172 88 56 0 168 194 0 

Weather condition 

Rainfall (mm) 126 108 230 145 48 128 161 308 182 77 94 138 
Pan evaporation (mm) 180 209 114 187 86 127 93 93 118 143 130 75 
Average temperature ( •.c) 10.6 16.6 15.2 10.1 14.1 15.1 8.2 14.6 14.3 10.6 15.4 16.7 

...... 
~ 
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Effect of irrigation was studied under two 
different fertilizing levels; standard fertili
zation and sluny application. In t he former, 
110 kg/ 10 a of compound chemical fertilizer, 
which corresponds to 4 kg N, 8 kg P2 0 5 , and 
8 kg K20 per 10 a was applied yeady. A half 
of chemical fertilizer was applied in early 
spring and each quarter was dressed after 
the first and second cutting. The slurry of 
2.5 m3 / 10 a in volume was applied yearly, in 
additio11 to the standard fertil ization in slurry 
plots. The g1·ass was cut three times a year 
in mid-June, mid-August and mid-October. 

Weather condition, amount of water supply, 
and the yield of gi-ass are shown in Table 4. 
A remarkable d1·y weather appeared in the 
period of 2nd regrowth in 1979, the 1st and 
2nd regrowth in 1980, and the 2nd regrowth 
in 1982. In these periods the amount of evapo
transpiration was estimated at 3.5-4 mm/day, 
and hence a large effect of irrigation was 
observed in the plots of 5 and 8 mm/ day of 
water supply. Although the yield of 2 mm/ 
day plot was less than that of 5 and 8 mm/day 
plots, it was fair ly high. In the 2 mm/clay 
plot, the small amount of irrigated water 
which moistened only shallow surface layer 
seemed to be utilized efficiently by grass roots 
in spite of the progress of dryness to deeper 
root zone (Fig. 5) . As mentioned before, the 
distribution of grass roots is concentrated in 
the shallow surface layer and fertilizers are 
dressed on the soil surface. This fact can ex
plain why the 2 mm/ day plot often showed 
fair ly high yields even under markedly d1·y 
weather. 

The increase of grass yield of the 3rd 
cutting by the irrigation was larger than that 
of other cuttings except in the slurry plot 
with 8 mm/day of water supply. In the stand
ard fertilizing plots the proportional ratio of 
clover was increased by the irrigation be
cause the growth of orchardgrass was de
creased during the 2nd and the 3rd l'egrowth 
,vhile that of clover increased. Even with the 
less amount of irrigation, the yield of 3rd 
cutting was high, because pronounced growth 
of clover contributed the yield. On the con
trary, in the sluny plots the large amount 

JARQ Vol. 19, No. 3, 1985 

of N contained in the slurry and chemical 
ferti lizer stimulated the growth of orchard
grass directly in proportion to the N level, 
while white clover was suppressed and dis
appeared. However, the large amount of irri
gation water, 5 and 8 mm/ day, caused a loss 
of fertilizer due to increased seepage, result
ing in decreased grass yield. 

We had much rain in 1981 so that the 
amotmt of irrigation water used was less than 
half of that in other 3 years. Nevertheless, 
the effect of irrigation was observed dis
tinctly in the order of 2 mm > 5 mm > 8 mm/ 
day plot in both of the standard fertilizing 
plots and sluny plots. The evapotranspiration 
rate of the grass was estimated at less than 
2 mm/day in the rainy and cool weather 
period . As the rate of water supply was fixed 
as mentioned above, water supply of 5 and 
8 mm/ day caused over-inigation and reduced 
the irrigation effect during the rainy period. 
However, in the 2 mm/day plot, no excess of 
irrigated water occurred even during the 
rainy period. As a result, the total yield in 
the whole experimental pe1·iod was in the 
order of 2 ~ 6>8 mm/ day plot. 

Influence of fertilizing level on the 
effect of irrigation 
The effect of inigation di fferecl between 

two ferti lizing levels as discussed above. The 
sluny plots received a total of 28 kg of N 
and 45 kg of K20 per 10 a in a year. The 
orchardgrass well responded to N but the 
clover was suppressed by the growth of or
charclgrass and disappeared, especially in the 
inigated plots . As the concentration of K20 
in the orchardgrass increased and that of 
CaO and MgO decreased apparently, it can 
be said that the quality of the grass was 
deteriorated in terms of K: (Ca+ Mg) inspite 
of increased yield by irrigation. 

On the contrary, in the standard fertilizing 
plots the amount of fertilizer was relatively 
small and growth of clover was stimulated 
by the irrigation. The grass harvested was 
good in quality related to CaO and MgO, al
though the yield was less than that of the 



sluny plots. However, t he amount of N and 
K20 absorbed by the grass was more than 
that of fertilized N and K20, so that the soil 
fertility declined rapidly in the standard 
fertilizing plots, especially in the irrigated 
plots. This tendency was supported by the 
fact that the amount of K2 0 absorbed by the 
g1·ass was dec1·eased with the passage of years. 
Ike, M. et al.ll showed that the decrease of 
I<20 supply reduces growth of clove1·. In this 
experi ment too the propor tion of clover was 
reduced after the 3rd year due to dec1·eased 
K20 fertility in the standard fertilizing plots. 

Conclusion 

Effect of inigation on pastures on heavy 
clay soil was studied at Komukai and Ohmu, 
both on a coastal a1·ea along the Sea of 
Okhotsk in northern Hokkaido, under the cool 
weather condition with 380 mm of rainfall 
and 14 °C of average temperature from May 
to August. 

1) In this experiment, the amount of irri
gation water was regu lated to enable 0, 2, 5 
and 8 mm/day of water supply including ir
rigation water and effective rainfall. A re
markable effect of i1Tigation was observed in 
the period of extremely dry weather even in 
the plots of 2 mm/ day of water supply. On 
the other hand, in the rainy and cool weather 
period, 5 and 8 mm/day caused over-il'rigation 
and leaching of fertilizers, resulting in lower 
yield than the 2 mm/day plot. The total yield 
for the whole period of experiment was a lso 
in the order of 2 =::5>8 mm/day plot. 

2) The reason why the small amount of 
irrigation, i.e. 2 mm/ day of water supply in
cluding rain water was almost comparable 
with the greater amount of irrigation, i.e., 
5 and 8 mm/ day in the effectiveness to in
crease grass yield was analyzed as follows : 
The grassland is characterized by the dense 
distribution of grass roots in a shallow sur
face layer of soil, and the nutrients placed on 
the soil surface by surface application of 
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fertilizers. Therefore, during a long spell of 
rainless day, even the small amount of irri
gation water can play an very important role 
in making these nutrients available to grass 
roots, by dissolving and bringing them to the 
grass roots. Namely, the small amount of 
il'l'igation is most efficient in supplying water 
and nutrients to grass roots. 

For the economical planning of the iniga
tion system of grasslands, this characteristic 
must be taken into account as an important 
factor. 

3) The nutrient absorption of the grass 
was increased with the irrigation, and, there
fore, the fertility of the soil seemed to decline 
rapidly when a small amount of fe1-tilizer was 
applied. However, the application of a large 
amount of fertilizer such as the use of slu rry 
caused deterioration of grass quality related 
to the mineral balance. It seems that the 
method of fertilizer application to irrigated 
pastures has to be established. 
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