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Abstract: In this study, we investigated the photosynthetic adaptation mechanisms of five dominant plant species in
the desert steppe of Ningxia (Stipa breviflora, Lespedeza secalinus, Lespedeza potaninii, Convolvulus ammannii,
and Polygala tenuifolia) under altered precipitation regimes. Three treatments were applied : precipitation increased
by 50% (PA), natural precipitation (CK), and precipitation decreased by 50% (PR). We examined changes in leaf
photosynthetic parameters, stomatal morphology, and water use efficiency (WUE) to elucidate how these plants
adapt to varying water availability. The results show that desert steppe plants were able to enhance their drought
tolerance by increasing the stomatal perimeter and area, thereby reducing the transpiration rate and stomatal
conductance. These adaptations lowered the net photosynthetic rate (P,) and increased the WUE. C. ammannii

exhibited the highest sensitivity of P, to changes in precipitation, with the P, in the PA treatment being 6. 65-fold that
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in the PR treatment, although it had the lowest WUE among the five plants. L. secalinus had the highest WUE,
followed by S. breviflora and P. tenuifolia. The specific leaf area (SLLA) of all species significantly increased with
reduced precipitation (P<C0.05). Stomatal shape also influenced drought adaptation; rounder stomata were
correlated with higher WUE, whereas elongated stomata were correlated with enhanced P,. As indicated by changes
in photosynthesis and water use, the five plants were ranked from highest ecological adaptability to lowest as
follows: S. breviflora>1L. secalinus™P. tenuifolia>C. ammannii>L. potaninii. These findings provide
theoretical insights into the management of desert steppe ecosystems under the conditions of global climate change.
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Table 1 Basic soil characteristics of the test site
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Inorganic carbon

(cm) (grem™®) (g-kg™") content (g-kg ")
0~15 1.43 18.75 8. 86 7.61
15~30 1.42 19.79 8. 86 8.13
30~45 1.47 19.19 8.74 12.38
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Fig. 3 Effects of rainfall changes on the photosynthetic parameters of major plants in the community
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HI7E PAACHL R e K, CK /e BR#EREAh , AR A9 WUE (B 78 34 4b BRI 394 3% 22 5+ (P<<0. 05) . ML
S HAbAE Y B WUE (S ¥ 1778 B 3% 22 5 (P<<0.05), B 5 i) WUE (B 7E 34> 4b B b 25 0 e i
2.2 BATEANEREIZHD T A LT ESHIENG Yk

JEAGE 2P 5 3 i 1 AL T L B R 7Kt A 98/ S T T R A R AR R Y AL E L A PA KR PR S
H A [ 4 B8] A7 A 35 22 5 (P<<0. 05) , SR IR HEAE AE PA AL BER (95 FL K 98 L 5 HoAl 9 A 4k B 6] O i 3% 22 % (P>
0.05,%3) . MALEFF MR G 28 1S AL B BE K B Bk /0 5 b TR A AR A T AR R TEAE SR R R, ELBR
R AE PRAN CK AL ¥ 8] O 2 35 25 53 (P=0. 05) 41, H A A 4 45 A B[R] 349 45 | 25 25 5 (P<<0. 05) . FEAEEN 3 R IK
THEAE 1) AL Bl A 7K i ik 20 B2 R R R 8, PA KRBT A LR K e K, 2 CKIW 2. 76 % . AR AT 3P L4+ ik
T HRBK e A6 ) L TR B A K D B R T R A (P<20. 05) .

x3 BAETUXNHEZIZHEYHARFSAESSHNEN

Table 3 Effects of precipitation changes on leaf stomatal morphological parameters of major plants in the community

By gt 51 ALK I AL ALK AL
Species Treatment Stomatal aspect ratio  Stomatal density (No. *mm™*)  Stomatal circumference (pum)  Stomatal area (pm®)
SRS PA 1.2340.03b 160. 670. 62¢ 271.2746. 59 4.38+0.11a
S. breviflora CK 1.3240.02b 220.3240.82b 109. 18+ 3. 24b 2.42-+0.08b
PR 1.51-0. 06a 309. 3242, 50a 59.503. 66¢ 1.9040. 13¢
A PA 2.35+0. 04a 37.03+0.78b 441.41+14.75a 1.6340. 06a
L. secalinus CK 1.8740. 03¢ 89.24-+1.00a 160. 02+ 3. 32¢ 1.4340.04b
PR 1.984-0.03b 90.45+0. 74a 188. 0944. 27b 1.7040. 04a
FHT PA 2.3440. 052 146.58+1. 56a 88.14+2. 32a 1.3040. 04a
L. potaninit CK 1.8240. 03¢ 112.13+1. 04b 89.37+1.87a 1.01+0.02b
PR 2.0240.04b 93.16+0. 28¢ 83.7142.03a 0.78-0. 02¢
I PA 1.6240.03b 70. 70+0. 86¢ 393.83+8. 26a 2.78+0.07b
P. tenuifolia CK 1.6540.03b 84.3740.79b 384.25+7.10a 3.24+0.07a
PR 1.7540.03a 110. 324-0. 78a 305. 54+8. 25h 3.37+0.09a
IR e A6 PA 1.6340. 06ab 219.874+0. 69a 194.38+9. 48a 4.27+0. 20a
C. ammanni CK 1.6940.06a 196.97+1. 20b 179.72+11. 18a 3.53+0. 21b
PR 1.5040. 04b 152.6942. 12¢ 62.6443.97b 0.96-0. 07c

[ ) AN [v) /N5 ) 7 (] — ) b AN [) A BB A] 22 57 i 3% (P<<0. 05) . Different lowercase letters in the same column indicate significant differences among

different treatments of the same species (P<<0.05).

2.3 MARZTEAAKER T ZH M @RI Yok
R AR T R K EAE A R AR BT 3 5 R AR A B4 I T AR A B A K A e i S R (P<€0.05) . 5
PA A BRA LE , 45 A 90 7F PR AL FEF HE i 1 48 202 0 34 n 1 2. 82.3.70.5.68.2. 21 M1 3. 71 /%5 (& 4) . PR Ab B
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Fig. 6 Correlation analysis between the main plant indexes of the community
a: FALEN S S, breviflora; b: 5 L. secalinus; c: i P. tenuifolia; d: 4K F L. potaninii; e: HIKFEAE C. ammannii. SLW : S FLK 5 b Stomatal

aspect ratio; SD: X fL % ¥ Stomatal density; SZ: K fLJ& £ Stomatal circumference; SA: K fL 1 X Stomatal area;

r

T.: 7% 5 ¥ %% Transpiration rate;

P,: ¥4 # % Net photosynthetic rate; C;: Jfl[i] CO, ¥ & Intercellular CO, concentration; G,: ‘X fL5 & Stomatal conductance; WUE: 7K 43 FH 2L %
Water use efficiency; SL: “fL FR {4 Stomatal limit value; B: 4 ¥ & Biomass; SLA: F i i 1 Specific leaf area; §"°C: #¢fa & A £ Z 41 i 67°C
isotope composotion. F[d] The same below. *: P<C0.05.

B
12+ 40|
8l
20 ;
— 4t - WUE T,
X X
e ‘n
Q0 Q0
a It
£ £
41
20F, 4o i .
FLAEH S S. breviflora
-8t ® Ji 5 L. secalinus
® & P sibirica
rab -40 te 4T L. potaninii
HRIKHEAE C. ammannii
-16  -12 -8 -4 0 4 8 12 16 -60 -40 -20 0 20 40 60
PC1 (34.7%) PC1 (34.7%)
B7 BEIZHEYNERDSHT

Fig. 7 Principal component analysis of major plants in the community
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