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Sp? 0.001 0.013 0.013 0.001 0.011 0.011 sp? 0.002 0.015 0.013 0.001 0.016 0.015
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BN 72 S TIE, —1000 cmBA R & A2 B HIREIEEIC 8
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HLkE 2040s 0 18 0 0 0 0
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T & 2o TIROWKE & ARFI AR O IF MET L 72 #
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BN D ODOFKREAEI NS Wz, 3 EOKGER
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DTN X 9 G AT, RBRICEE S 1 BEOHIL,
ThbbKMERDOHEAD, 12> T2BEOFHENM
SAEBFYHEM TOBRKD A N L ZAORHFBEE LD,
DT EPEREEOMENCRIN T R LR ORD
B LRI X 5 B & AR E 0difb 25| Z ik
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Evaluation of the Influence of Low Water Stress
due to the Decrease in Soil Water on Grassland Productivity
on Heavy Clay Soils in Northern Hokkaido, Japan

Toshiro Nakatsuji

Summary

Large-scale grasslands farming is being developed in Northern Hokkaido, Japan, where precipitation from May to August, the
essential period for grass growth, is as low as 300 mm approximately; with half of the grassland located on heavy clay soils with
poor water retention characteristics. Therefore, grasslands in this area often suffer from the damage caused by low water stress due
to the decrease in soil water. The water environment is recognized as one of the important factors affecting the grass production in
this area. The purpose of this study is to develop the method for evaluating the influence of low water stress on grassland

productivity on heavy clay soils in Northern Hokkaido, Japan. The results obtained were summarized as follows:

1. Soil water regimes in grasslands on heavy clay soils during a dry period

Soil water flux between the root zone and subsoil in grasslands (orchardgrass, Dactylis glomerata L.) on heavy clay soils,
Terrace Brown Forest Soil (Bf, Typic Dystrochrepts) and Haplic Gray Upland Soil (GrU, Typic Epiaquults), was investigated using
a water balance method in order to analyze the role of the upward soil water flux in grass growth during a dry period. The
downward soil water flux from the root zone (0 to 60 cm) to the subsoil (below 60 cm) showed an average rate of 0.21 cm d' for
Bf and 0.19 cm d for GrU during the wet period when the available soil moisture content was high. On the contrary, the upward
soil water flux from the subsoil appeared and water was supplied to the root zone throughout the dry period when the available soil
moisture content was low. The average upward flux for GrU was estimated at 0.04 cm d"' (20% of the evapotranspiration) and the
values for GrU were smaller than those for Bf, 0.10 cm d" (55%). The difference in the upward soil water flux between Bf and GrU
was due to the difference in the unsaturated conductivity between the subsoils. The matric potential of the subsoils for both Bf and
GrU decreased during the period when the upward flux occurred. Stagnant water level in GrU also gradually decreased during a
period of month from early July, along with the appearance of the upward flux. Soil water in the subsoil was important as a source
of upward flux for both Bf and GrU and especially stagnant water was also important for GrU. The presence of the upward flux in

grasslands on heavy clay soils seemed to be one of the significant factors which control grass growth under drought conditions.

2. Effective water supply for dry matter production of orchardgrass during the first growing period

In order to evaluate the influence of low water stress on dry matter production (DMP) of orchardgrass during the first growing
period, the effect of water supply in orchardgrass on growth was examined by analyzing the relation between the nitrogen uptake by
orchardgrass and the yield components. The lack of water supply from the sprouting stage to the internode elongation stage (a
period of about 20 days) resulted in a remarkable decrease in the yield of plants in pot experiments. These findings were ascribed
to the fact that the number of tillers per pot, which strongly affected the yield in the pot experiment, could not increase sufficiently
throughout the experimental period, because the lack of water supply restricted nitrogen absorption by orchardgrass and then
delayed the production of tillers. Compared with the results of the pot experiment, the effect of water supply on the growth of
orchardgrass under field conditions was not appreciable, probably because of the presence of a large amount of water stored in soil,
which was derived from melted snow. The results obtained here showed that the optimum water supply for DMP of orchardgrass
during the first growing period extended from the sprouting stage to the internode elongation stage, namely during a period of about

20 days.
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3. Effective water supply for dry matter production of orchardgrass in the second and the third growing period

In order to evaluate the influence of low water stress on DMP of orchardgrass during the second and the third growing period
respectively, the effect of water supply in orchardgrass on growth was examined by analyzing the relation between the nitrogen
uptake by orchardgrass and the yield components. For the second growing period of orchardgrass, the lack of water supply in the
early stage, which was a period of about 20 days after the time of the first cutting, resulted in a remarkable decrease in the yield of
grass. For the third growing period, the yield of orchardgrass obviously decreased when water was not supplied in the early stage
which was about 10 days after the time of the second cutting. These findings were ascribed to the fact that the weight per tiller,
which strongly affected the both yields of the second and the third cutting, could not increase sufficiently throughout the
experimental periods, because the lack of water supply restricted nitrogen absorption by orchardgrass and then delayed the
regrowth of tillers. The results obtained here showed that the optimum water supply for DMP of orchardgrass during the second
and the third growing period was below respectively; a) the second growing period: the early stage (about 20 d after the time of the

first cutting), b) the third growing period: the early stage (about 10 d after the time of the second cutting).

4. Model for dry matter production of grass under water stress conditions

A model for DMP of orchardgrass under water stress conditions was developed to predict the degree of drought damage to
grasslands. The model was applied to field studies conducted on Bf and GrU during a drought year. The performance of the model
was evaluated by comparing the simulated values with the experimental data. The model consisted of three submodels for
calculating the water flow, water uptake by roots and DMP, respectively. A soil layer, 5 cm thick, was used as a unit for the
calculations in the model. In the water flow submodel, the water flux among the layers was calculated according to the potential
gradient and then the water content of each layer was estimated based on the water balance. The water uptake submodel enabled
to calculate the amount of water uptake from each soil layer, and the amount of uptake was assumed to be restricted by the matric
potential of the layer. The amount of water uptake from each layer was assumed to be maximum when the matric potential of the
layer ranged between 0 and -1000 cm, but for values between -1000 and -16000 cm, the amount of uptake was assumed to decrease
linearly with the reduction of the matric potential. In the DMP submodel, the DMP was described as the product of the amount of
water uptake and water use efficiency. The water use efficiency was assumed to vary with the water content. Namely it was
assumed that the water use efficiency was maximum when the values of the matric potential of each layer ranged between 0 and -
3000 cm, while in the range of -3000 to -16000 cm, the efficiency was assumed to decrease linearly with the decrease of the matric
potential. The model was applied to field studies conducted on Bf and GrU during a drought year. The simulated values of grass dry
weight, soil water content profile and evapotranspiration rate for both soils showed a good agreement with the experimental data.
Additionally, the estimated grass dry weight over three years including both drought and wet years also reasonably agreed with the
measured data. From the results above, it was concluded that the model, in which the decrease of DMP along with the decrease of
soil water was due to the reduction of both water uptake by roots and water use efficiency, could reasonably simulate the effect of

water stress on dry matter production of grass and could contribute to predict the degree of drought damage to grasslands.

5. Evaluating the change in grass production associated with global warming and resulting low water stress

The impact of global warming on changes in DMP of an orchardgrass located on three soils (coarse, medium, and fine textured)
in Northern Hokkaido, Japan, was estimated. The influence of low water stress due to the decrease in soil water on a change in
impact was evaluated, through simulations by using a climate change scenario and the previously validated grass growth model
described above. The effect of low water stress on the growth during the first grass growing period (early May-early June) due to
global warming would not be so intensive that the DMP would be expected to increase (1.2-1.4 times of the present), except for
fine textured soil in low precipitation. On the other hand, for the second grass growing period (mid June-early August), the effect of
low water stress on growth would intensify over the years. An increase in DMP could be barely expected in the case of low
precipitation and finer textured soil. The changes in DMP during the third grass growing period (mid August-mid September) with
global warming and the influence of the amount of precipitation on these changes were negligible. The total DMP from the three

cutting periods increased with global warming regardless of the soil texture and the amount of precipitation, although the finer the
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soil texture, the lower the total weights were. However, the maximum ratio of the total DMP in the future due to global warming
to the present was about 1.2 times at most. This ratio was smaller than the previously reported value, estimated solely based on
weather conditions over 100 years. It can be concluded that when we evaluate the change in grass production associated with global
warming, it would be important to take not only the effect of the increase in temperature and atmospheric CO. concentration into
account but also the effect of the occurrence of low water stress due to the decrease in soil water, depending on the amount of

precipitation, or soil water retention characteristics.

6. Conclusion

1) Soil water regimes in grasslands (orchardgrass) on heavy clay soils in Northern Hokkaido, Japan, were elucidated focusing on
the soil water flux between the root zone and subsoil.

2) The influence of low water stress due to the decrease in soil water on DMP of orchardgrass was determined through analyzing
the relation between the nitrogen uptake by the grass and the yield components.

3) A model for DMP of orchardgrass under low water stress conditions was developed by integrating the results obtained from the
experiments above and a lot of previous contributions associated with low water stress.

4) The performance of the model was evaluated by applying the model not only to field studies conducted on heavy clay soils in a
drought year but also to conditions under global warming in future, and then the validity and the availability of the model were
demonstrated.

5) From these results, the developed model was proposed as the method for evaluating the influence of low water stress on

grassland productivity on heavy clay soils in Northern Hokkaido, Japan.
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