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Effects of water stress on community photosynthesis of plants and
its relationship of typical grassland in Northern China
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(1. Ecological and Agricultural Meteorological Center in Inner Mongolia, Huhhot, Mongolia 010051, China;
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Abstract; Considering the sensitivity of photosynthesis to soil moisture, the paper analyzed the limited degree
of photosynthesis under different water stress conditions in typical steppe communities based on the soil moisture
and photosynthesis observations from the national climate observatory of Xilinhot from 2016 to 2017. The analysis
showed that, the population photosynthetic rate of each plot was at a low level during the early and late period of
forage growth from herbage turning green to early June, and there was no significant inhibition of photosynthesis was
observed in water-controlled plots. Then, the population photosynthetic rate increased significantly after the forage
entered a vigorous growth period in July, and reached the highest value in early August ( =10.89 pwmol + m™ -
s™'), the effect of water stress on the photosynthesis of the population was very significant. Soil moisture content of
10~20 cm soil layer had the best correlation with photosynthetic rate and respiration rate, and had the best correla-
tion with surface soil moisture, which indicated that plant roots and soil microbes were most concentrated in this
layer. There was a good linear regression relationship between soil moisture content above 30 c¢m soil and population
photosynthetic rate, and F test showed that the linear fitting effect was very significant, which indicated that soil

moisture content above 30 cm affected photosynthesis of typical grassland plant population. The MK mutation test
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showed that when volumetric water content of 0~ 10 cm soil layer of typical steppe was lower than 9% (the weight

water content is 6.82% , and the relative water content is 27.60% ) ,

and the volumetric water content of 0~30 cm

soil layer of typical steppe was lower than 12% (the weight water content was 9.57%. In typical grassland drought

forecasting and early warning, the population photosynthetic rate was obviously inhibited, and it could be regarded

as occurrence the critical value of soil moisture during moderate drought in typical grassland.

Keywords: grassland plant community ; water stress; photosynthesis; soil moisture; Xilinhot
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Fig.1 Changes of community photosynthetic rate in the growing season of each plot in 2017
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Table 1 Comparison of community photosynthesis rate of each plot and water suitable plot (E)

AL HE H 3 Date (m—-d)
Treatment 05-10 05-09 05-31 06-09 07-10 07-22 08-04 08-10 08-24 08-31 09-20
A -2.21 -3.57 -4.65 -8.78 -10.87 -10.76 -4.58 -3.21 -2.03 -2.95 -2.47
B -0.92 -2.48 -3.04 -6.94 -7.10 -6.69 -4.95 -4.36 -3.54 -4.21 -3.08
C -0.97 -2.75 -3.77 -7.08 -4.97 -2.58 -5.57 -1.20 -1.84 -5.28 -2.76
CK -0.96 -3.39 -5.10 -8.34 -5.30 -2.10 1.00 -2.05 -2.49 -4.95 -4.50
D -1.87 -3.90 -4.44 -7.94 -9.51 -7.88 -4.45 -1.95 -3.84 -4.46 -3.76
- Average —1.39 -3.22 —-4.20 -7.81 -7.55 -6.00 -3.71 -2.56 -2.75 -4.37 -3.31

T P RUE A AL B K A0S BLAL B (E) DA R A 2518

Note: The value in the table is the difference of photosynthetic rate between each plot and the suitable water plot.
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Table 2 Correlation between photosynthetic/respiration rate and soil moisture at different growth stages of Herbage

He R Wi H +J2 Soil layer/cm
Growth stage ltem 0~10 10~20 20~30 30~40 40~50
SHE ﬁﬁiﬂjﬁgﬂﬁ;ﬁ;ﬁiﬂy jun,JEF Photosynthetic 0205 0.223 0.097 0.115 0.092
(N=71) I Respiration 0.193 0.302* 0.192 0.197 0.172
6 A LP%E;F gﬂﬁq/;dﬁzg}z\:htjtﬁ g, JEE Phoosyntheic  0.357°° 037677 0262°° 02247 0.208"
(N=195) I Respiration 0.549**  0.566** 0397 03257  0.282°"
8 HF m%ﬁﬁ%“ii"ﬁgﬁflw Sep,  JE Photosynthetic 0304 0.226 0.153 0.168 0.103
(N=54) I Respiration 0.180 0.248 0.225 0.273* 0.259
5k /;éjg@l}zﬁp%vgﬁi ﬁz;vt) Zaf; Sep. ¥4 Photosynthetic  0.485**  0.383* " 0.199" * 0.111** 0.069
(N=317) W% Respiration 0.608 * * 0.534* * 0.319** 0.208 * * 0.145* *

T+ RR B E MK 0.05; « « 0K BFEMEKF 0.01,

Note: * indicates the significant level of 0.05; * * indicates the significant level of 0.01.
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