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Abstract: In the context of global climate change, precipitation variability poses profound challenges to plant communities
in arid and semi-arid ecosystems, where water availability is the primary limiting factor for plant growth and coexistence. To
explore the diversity of functional traits and water adaptation strategies of coexisting plants in response to precipitation
changes, this study focused on the desert steppe of Ningxia, China. A field experiment was conducted using rainout shelters

to simulate five precipitation treatments: 50% reduction (P _,, ), 30% reduction (P_,,, ), ambient precipitation (P ),

-50%
30% increase (P, ), and 50% increase (P, ). During the early, middle, and late growing seasons, we measured a

comprehensive set of functional traits for five coexisting plant species, including leaf traits, root traits, and biomass
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allocation traits. The results revealed two key findings: (1) The synergistic evolution among functional traits of different
species formed differentiated drought-resistant strategies. Stipa breviflora gradually shifted to a more conservative water use
pattern through the synergistic adjustment of root-shoot ratio and leaf morphology. Lespedeza potaninii relied on deep root
expansion to enhance deep water acquisition. Convolvulus ammannii adopted a drought-tolerant strategy, optimizing root and
leaf structures to maintain water balance. Polygala tenuifolia was sensitive to changes in water conditions, quickly adapting
to drought through the trade-off between root investment and water storage; Leymus secalinus relied on shallow water
absorption and grew rapidly, with both preferring an “resource-acquisitive” strategy. Except for Convolvulus ammannii,
Stipa breviflora, Lespedeza potaninit, Leymus secalinus, and Polygala tenuifolia all adopted the drought-resistant strategy of
reducing above-ground growth and increasing underground growth. (2) Extreme precipitation treatments (P, and P_, )
significantly increased the level of functional diversity in the desert steppe plant community. Compared with the P
treatment, under P, and P_,, treatments, the community’s functional richness index (FRic) increased by 839% and
350% respectively; the functional evenness index ( FEve) increased by 462% and 487% respectively; the functional
divergence index (FDiv) increased by 756% and 456% respectively; and Rao’s quadratic entropy index (QE) increased
by 458% and 379% respectively. This indicates that under extreme water conditions, community functions tend to diversify,
niche differentiation is enhanced, and the functional differences and synergistic effects among species are improved. This
study provides a new perspective for understanding the adaptation mechanisms and stability maintenance of plant
communities in arid ecosystems.This study provides novel insights into how plant communities in arid ecosystems adapt to
precipitation variability through trait differentiation and trade-offs, highlighting the critical role of functional trait diversity in
maintaining community stability under changing climates. These findings contribute to a deeper understanding of adaptation
mechanisms in water-limited ecosystems and offer theoretical support for predicting and managing the responses of desert

steppe communities to future climate change.

Key Words: desert grassland; coexisting plants; spatiotemporal precipitation variability ; functional trait diversity; growth
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Fig.7 The effects of precipitation variation on the relative water content of leaves in coexisting desert steppe plants

2.4 K RIRE K I I S A B A FH S 5 i A AE ) T BE PR B 52 i

KK (Pr) FE(S) KIS (Pe) I HAS HAE R 3550 ) 3 8 5 JE A AR i D s etk (R 2) . Pr
X% RCB 1 RD AW BT A DI Re PR R A W 0.3 7 (P<0.01) o S X BT A D RE MR ¥ A B 8 2 52 e (P <
0.001) , Pe X} LT,RWC, WP ,RL, B2 B3 (P<0.01) , % RSA B2 & 3% (P<0.05)

F2 P BAENMEKEERESTEEANTEREREFENIRERIERZ M TE SR
Table 2 Analysis of variance on the effects of species, precipitation amount, precipitation period, and their interactions on the functional traits

of coexisting plants in desert steppe

EiL7N A5t 2 Indicator

Indicator Pr S Pe PrxS PrxPe SXPe PrxSxPe
RCB 0.81™ 7.87 """ 2.23™ 3.95*" 0.49™ 0.28™ 0.73™
LT 14.66 " 903.09 *** 41.67* 18.05 *** 8.40 """ 35.40*"" 20.04 """
LA 33.35""" 1102.23*** 4.40™ 55.21*"" 2.33" 6.22°"" 4.02*""
RWC 108.73 *** 57.66*** 42.33 " 12.33 "% 4.28*" 6.32""" 3.52%%
wpP 53.78 %" 28.47*"* 138.61 " 537 327 22.52%%F 2.81*""
RD 0.895™ 96.03 """ 0.24" 2.54*" 0.76™ 5.86""" 1.01™
RL 3.39*" 91.84""* 7.08"" 1.52" 1.18™ 54.56 """ 2.85""
RV 3.617" 40.83 *** 2.43" 2.74* 2.26" 1.06™ 2.46*
RSA 3.32%" 90.82*"* 4.26" 1.75™ 227" 4.00 " 2,97

RCB : AR H Root-shoot ratio; LT MJ& Leaf thickness; LA M1 FX Leaf area; RWC MAHXT 15 7K i Leaf relative water content; WP I 7K 3 Leaf water
potential ; RD M E 1% Root diameter; RL H1K: Root length; RV FRIAFEL Root volume ; RSA HRZEHI AN Root surface area; Pr [/ ;S WFh ; Pe KT
PrxS BRI AR A TAEF 5 PrxPe (KRR K I 109 58 HAEFH ; SxPe HIFPFIK 0T ) 28 AR T i 0k AR I UT A 28 AR T 5 ns ™ 26
R P=0.05,“ % " IR P<0.05,¢ w5 " FIR P<0.01;“ w5 " FRI/R P<0.001
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Fig.8 The effects of precipitation variation on the water potential of leaves in coexisting desert steppe plants
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Fig.9 The effects of precipitation variation on the thickness of leaves in coexisting desert steppe plants
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Fig.10 The effects of precipitation variation on the area of leaves in coexisting desert steppe plants
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Fig.11 Effects of precipitation changes on root length of coexisting plants in desert steppe
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