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The experimental research on water stress effects on growth and

development of winter wheat

HUO Zhi-Guo,BAI Yue-Ming, WEN Min,CHEN Lin,HU Yan-Long.YE Cai-Ling (i
nese Academy of Meteorological Sciences, Beijing, 100081). Acta Ecologica Sinica,2001,21(9) :1527~1535.
Abstract : Using large movable rainshelters to keep off precipitation, the field experiments on the effects of
treatments of different soil moisture and duration on the growth, development and yield of winter wheat
are conducted by controlled irrigation. The responses of the growth, development and yield of winter
wheat to water stress are studied. and processes and methods to improve water use efficiency and to miti-
gate spring drought are also discussed. These studies provide scientific bases for economical irrigation, and
guarantee the stable and high yield of winter wheat as well.

The experiment was carried out at the agrometeorological experimental station of China Meteorologi-
cal Administration (located in Gucheng. Dingxing county, Hebei Province, 39°08'N, 115°48'E) from
March 1997 to June 1998. The selected winter wheat variety in the experiment is Jingdong 6 (main plant-
ing variety in the area). All of the control experiments were made in plots, and the experiments from Oc-
tober 1997 to June 1998 were divided into two groups (from regreening to elongation and from elongation
to flowering). Precipitation over the plots can be shut out by large movable rainshelters, and the plots can
be irrigated with the calculated irrigation amount according to different soil moisture treatments.

The soil relative moistures for different treatments were controlled at 40% ~50%, 50% ~60% , 60%
~70% and CK (80%) from March to June 1997, and 45%~50%, 50%~55%, 55%~60% and CK
(80%) from Oct. 1997 to June 1998, respectively. The duration of water treatments was 5, 10 and 15
days, respectively, and after the duration of treatment, soil moisture resumes to the level of the control
experiment. Because of the limited number of plots, every treatment was repeated in only two plots.

The area of every plot was 8 square meters (2m X 4m), with concrete waterproof walls (2 meters in
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depth) to prevent the horizontal exchange of soil water, and the soil of every plot was original. The plant-
ing and managing measures of the plots were as same as those of other fields.

The measured depth of soil moisture was from 0 to 200 cm. The soil moisture from 0 to 30 cm and
from 40 to 200cm were measured by the drilling method and by the neutron instrument, respectively. The
soil moisture was measured by the interval of 10 cm once every five days during water control treatments,
and once every ten days for other periods.

The irrigation amount of the plots can be calculated using the following equation:

P= D)o X h, X (r — W,/T) X T, X 10) D

=1
Q=S X P/1000 (2

In equation (1), P is the supplement of irrigation (unit: mm); p is the measured bulk density of soil
in the experimental field (unit: g/cm®); A is the measured soil thickness (unit: cm); r is six treatment
grades and the upper value of CK, which are 50%, 55%, 60%, 70% and 80% (CK) respectively; W is
the water content of soil by weight (unit: %); T is the measured field capacity in the experimental field
(unit: %) and n is the calculated levels of water supplement, here n=10.

In equation (2), Q is the irrigation amount (unit: mm); S is the plot area (unit: m?) and P is the cal-
culated irrigation amount by equation (1) (unit: mm).

Observed items of every plot on winter wheat include the development stages. the number and length
or height, and the fresh and dry weight of all organs (including the length and number of roots, the fresh
and dry weight of roots, the height and number of stems, the {resh and dry weight of stems, and the leave
area, the number of green leaves and yellow leaves, the fresh and dry weight of green and yellow leaves;
and the length of spikes, the number of spikes and unfertilized spikes, the fresh and dry weight of
pikes. ), and the fresh and dry weight of total biomass etc. Samples were taken once every five days during
water control treatments, and once every ten days for other periods, and ten sample plants were taken ev-
ery time. In the end, all organs (including roots, stems, leaves, spikes and biomass) and yields were mea-
sured after harvest.

According to the experimental data, and based on the differences during the growth and development
of winter wheat before and after rewatering, the responses of the growth and development of winter wheat
to water stress were analyzed, and water-saving processes of slight and moderate water stress on winter
wheat were studied also. The results show that, for treatments with soil relative moistures being 50 % ~
60% and 55%~70%, the daily increment of the length and number of roots increased remarkably after
five days of rewatering, compared to that of the same period of CK, and even so when there existed a neg-
ative daily increment of the length and number of roots of CK. The daily maximum length increment of
roots is about 26 times than that of CK. The daily maximum increment of number of roots can reach 10. 4
though there is no change in the number of roots of CK. The mean number of roots increased for the treat-
ment with a soil relative moisture of 50% ~60% compared to that of CK. All these indicate that slight and
moderate water stress can accelerate the root growth and development of winter wheat.

For treatments with soil relative moistures being 50% ~60% and 55% ~70% , the daily stem incre-
ment increased significantly, and even when the daily increment of stems is negative in the period of CK.
For treatments with a soil relative moisture of 50% ~55%, the daily dry weight increment of stems was
most evidently, the next is the case with a soil relative moisture of 55% ~60% , which shows that slight
and moderate water stress could induce the fast increase of the daily stem increment of winter wheat.

On 5 and 10~ 20 days after rewatering, the daily increment of leaf area could increase very remark-
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ably for the treatments with soil relative moistures being 50% ~60% and 55% ~70% compared to that of
CK. And even under the negative daily increment of leave area of CK, the daily increment of leaf area in-
creased significantly, or the senescent rate decreased markedly. For a certain water stress duration. the
longer the water stress duration , the more favorable it is to the growth of green leaves. From 5 to 10 days
after rewatering, the daily dry weight increment of yellow leaves decreased evidently for the treatments
with soil relative moistures being 50% ~60% and 55% ~ 70%. During the whole development stage of
winter wheat, the mean dry weight of yellow leaves reduced, and the senescent rate of leaves was delayed.
The experimental results show that there may be certain memory in winter wheat. and rewatering can re-
sume its memory after slight and moderate water stress, and stimulate the leal area increase of winter
wheat. At same time, the dry weight of yellow leaves decreases, which retards the senescent rate of green
leaves.

In comparison with that of CK, the daily dry biomass increment of winter wheat would increase
markedly in 5 days after rewatering with soil relative moistures being 50% ~60% and 55%~70%. And
the phase of daily maximum total biomass increment will predate 9 to 25 days during the late development
stage of winter wheat. For the treatment of water stress, the daily total biomass increment of winter
wheat increased by 122% compared to that of CK.

The treatment, with a soil relative moisture of 50% ~60% , can save water by 1500~1650m*/hm?,
increase yield by 1. 9% ~10. 7%, and improve economic benefit by 705~ 1395 yuan/hm?. The studies
show that water stress of winter wheat could save water and increase yield and economic benefit markedly.
In the light of high yield and high benefit of winter wheat, the soil relative moisture of 55% is the critical
index of water stress to economic irrigation and high yield during the heading stage of winter wheat.

Key words : winter wheat; water stress effect; field experiment
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Table 1 Experimental design of water stress effects of winter wheat
C /0 H (@ @
(d) Diurnal increase of weight at the
Relative Controlling Average Average dry
Year Persisting Code biggest total biomass dry weight
moisture date root weight of
time increase times at late growing
of soil (%) (day/month) number  yellow leaf
periods of winter wheat
40~50 5 28/5~2/6 1 97.6 0.548 0. 706
10 28/5~17/6 2 103. 4 0. 600 0. 506
15 23/5~17/6 3 101. 8 0. 549 0. 804
50~60 5 22/4~27/4 4 115.2 0.416 0.714
1997 10 22/4~2/5 5 108. 2 0.442 0. 695
15 3/4~18/4 6 126.1 0. 394 0. 985
60~70 5 13/4~18/4 7 118.9 0. 334 0. 697
10 3/4~13/4 8 119.3 0. 394 1. 441
15 22/4~17/5 9 117.0 0. 310 0.768
CK 110.7 0.515 0. 648
45~50 ) 9/3~14/3 10 98.1 0.543 0. 969
10 19/3~29/3 11 83.5 0. 447 0. 681
15 9/3~24/3 12 99.5 0. 585 0.797
50~55 5 4/4~9/4 13 96. 7 0. 643 0.928
10 14/4~24/4 14 99.5 0.652 0. 823
15 4/4~19/4 15 101. 5 0.576 0. 794
55~60 5 9/3~14/3 16 108. 4 0. 584 0. 820
10 19/3~29/3 17 106. 8 0.598 0.721
15 9/3~24/3 18 102. 1 0.692 0.765
1908 CK 100. 6 0. 660 0. 804
45~50 5 24/4~29/4 19 106. 2 0.615 1. 098
10 24/4~4/5 20 109. 2 0.673 1.519
15 24/4~9/5 21 103. 6 0.592 1.199
50~55 5 19/4~24/4 22 109. 6 0. 697 0. 666
10 14/4~24/4 23 114.9 0.716 1. 291
15 14/4~29/4 24 113.8 0.751 1.014
55~60 5 19/4~24/4 25 105. 3 0. 855 1. 016
10 14/4~24/4 26 104. 3 0. 640 1. 803
15 19/4~4/5 27 105.5 0.703 0. 868
CK 110. 8 0.798 0. 866
1.2
1.2.1 0~200cm, 0~ 30cm s40~200cm
; 10cm; 5d s 10d 1
1.2.2

P= >V X h X r—W,/T) X T, X 10}

n

i=1
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Fig. 1 Daurnal increase of root length in 5 days after irrigation in comparison with control
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Fig- 2 Diurnal increase of root number in 5 days after irrigation in comparison with coatrol
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Fig. 3 Diurnal increase of stem dry weight in 5 days after ierigation in comparison with control
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Fig. 4 Diurnal increase of leaf area in 5 days after irrigation in comparison with control
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Fig. 5 Diutnal increase of leaf area during 10~~29 days after irrigation in comparison with control
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Table 2 Effect evaluation of water stress on yield increase, water saving and economic benefits of winter wheat

(m*/hm?) (kg/hm?) * (¥ /hm?)
Year Relative moisture of soil (%) Irrigation amounts Yield Economic benefits
1997 40~50 1959 3433 4709. 55
1997 50~60 2892 4174 5521.95
1997 60~70 3328.5 4502 5871. 60
1997 CK(80) 4348. 5 4096 4815.15
1998 45~50 2670 3611 4710. 30
1998 50~55 3202.5 4766 6343. 35
1998 55~60 3385.5 4600 6006. 75
1998 CK(80) 4876. 5 4307 4940. 85
* . . . The expense of seeds, fertilizers, labours, machines and elec-

tric power was not calculated.

50% ~60% s

. 55% .
3
(1 5d, 50%~60%.55%~70% . N .
. CK . . 10~20d 50%~60%.55%~70%
CK . . . 5~10d,50%~60% CK .
o CK 9~25d,
(2 50%~60% CK
(3) 50% ~60% . 1500~1650 m®/hm?, 1.9%~10.7%,
CK  705~1395 /hm?, 55%
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