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The Influence of Rainfall Variations on the Functional Traits and Gas
Exchange of Plants in Chinese Grasslands

WANG Yi-ming, YANG Jie, ZHANG Xiao-juan, YUE Lei, MA Jing, YANG Jian, TANG Zhuang-sheng’
(College of Prataculture, Gansu Agricultural University/Key Laboratory of Prataculture Ecosystem of Ministry of Education/China-US
Research Center for Sustainable Development of Grassland Animal Husbandry/ Pratacultural Engineering Laboratory of Gansu Province

Forestry Science and Technology Extension Station of Gansu Province, Lanzhou, Gansu Province 730070, China)

Abstract: To reveal the response patterns and adaptation strategies of grassland plants in China to rainfall
changes, in this study we adopted a meta-analysis to systematically analyze the effects of rainfall changes on leaf
functional traits and gas exchange parameters of plants in different grasslands (meadows, typical, and desert
steppes) and different functional groups. Overall, the results showed that compared with the control, under
rainfall decreased conditions, the leaf area (LA, —24.80%), specific leaf area (SLA, —6.78%), net photo-
synthetic rate (P,, —31.38%) , transpiration rate (T,, —27.60%) , and stomatal conductance (G,,
—20.95%) were decreased significantly (P<C0.05), while the water use efficiency (WUE, 3.71%) was sig-
nificantly increased. Under conditions of rainfall increase, the LA (8.07%), P, (24.60%), T, (23.94%), G,

5 B #: 2025-10-30; & B H#7:2025-11-27

EETH:BERAKRP#IESE (32360345) ; Hff ol K2# R EH F A (GAUX-04Y06) ; HIlF 4 74 1 H 4R 24 (24JRRA632) 5 [ 4Rl
KA SAE T H (GSAU-DKZY -2024-004) % 1

FEZ B A - £ M5 (2000-), 55, DU , HOR 22 MO 850 B 5 A L 328 DA 78 Ab o0 B0 b 2 25 F 98 L E-mail : wangyiming14159@gmail.com;
#3875 /E & Author for correspondence , E-mail : tzsxzl@126.com



%7

8 5 R A A X [ R SR ) D BE A PR A S e B R ) 2529

(26.73%) and WUE (5. 75%) were increased significantly (P<C0.05), and C; (—2.04%) was decreased sig-
nificantly compared to that of the control. The results of subgroup analysis showed that desert steppe or arid

areas were respectively sensitive to rainfall increase, while meadow steppe or humid areas were respectively sen-
sitive to rainfall decrease. Under rainfall enhancement conditions, grasses or dominant species tend to adopt
acquisitive strategies, while under rainfall reduction conditions, they turn to conservative strategies. This study
clarifies the differentiated responses of grassland plants in northern China to rainfall changes, providing a scien-
tific basis for predicting the stability and functional evolution of grassland ecosystems under climate change.

Key words: Rainfall decrease ; Rainfall increase ; Functional traits; Gas exchange parameters ; Meta analysis
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UbBE Treatment %244 2% Fail-safe number 4bPE Treatment 2k 4> Z % Fail-safe number

A E FH Leaf area, LA
Fe AL Specific leaf area, SLA
Hlf # % Net photosynthetic rate, P,
K4 F R Water use efficiency, WUE
7% %% Transpiration rate, T,
LT JE Stomatal conductance, G,
Jfa ) = AR A f ok 2

Intercellular carbon dioxide concentration, C;

Rainfall decrease

13788 [ 1 358 692"
35247 Rainfall increase 7677

115083 7312096
23697 543 769"
65 126" 5258 741"

25 128" 2767 1487
2347 7398 3007

TE : Rosenthal 2k %2 42 R B TATAl Meta 73 Bra ol Sk o 9 22 4 F M0 b oooe R F AN N 35 A7 76 & & A a7 (P<<0. 0001)

Note: Rosenthal’s fail-safe number was used to evaluate the reliability of the results of Meta analysis. The superscript **** for the fail-safe

number indicates extremely significant absence of publication bias at the 0. 0001 level
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Fig.1 The influence of rainfall decreases on the functional traits and gas exchange parameters of grassland plants
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Note: Subgroup analysis shows the differences in the effects of rainfall decrease on the functional traits of grassland plant leaves and gas exchange

parameters within different groups. The figure shows the +95% confidence intervals of the effect values. Black-filled confidence intervals repre-

sent significance (P<C0.05) , where those on the left side of the 0 line are negative effects and those on the right side are positive effects. Grey-

{filled confidence intervals represent insignificance (P>>0.05). The number to the right of each indicator represents the sample size, and the

number in parentheses indicates the corresponding number of research articles
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Fig.2 The influence of rainfall increases on the functional traits and gas exchange parameters of grassland plants
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Note: Subgroup analysis shows the differences in the effects of rainfall increases on the functional traits of grassland plant leaves and gas exchange param -
eters within different groups. The figure shows the +95% confidence intervals of the effect values. Black-filled confidence intervals represent significance
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Fig. 3 The response of leaf functional traits and gas exchange parameters to rainfall changes
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Note: The results of the linear mixed effects model of the influence of rainfall changes on plant functional traits and gas exchange parameters. The

scattered colors represent different types of grasslands. The black solid line represents the prediction results of the overall response of plants to rain-

fall changes, and the gray area represents the 95% confidence interval of the prediction results. A P value <<0. 05 indicates that the plants as a

whole have a significant response to changes in rainfall. R is marginal R*, and R’ is conditional R?, “slope” represents the slope. Figure (a)

shows Leaf area (LA); Figure (b) shows Specific leaf area (SLLA) ; Figure (¢) shows Net photosynthetic rate (P,) ; Figure (d) shows Water use

efficiency (WUE) ; Figure (e) shows Transpiration rate (T,) ; Figure () shows: Stomatal conductance (G,) ; Figure (g) shows Intercellular

carbon dioxide concentration (C;)
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