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Abstract

Aims Plant diversity is the basis for plant communities to maintain ecosystem stability. Despite the scarcity of
vegetation, desert steppes play an irreplaceable ecological service function in terms of wind-break and sand-
fixation, etc. However, how plant diversity in desert steppes responds to long-term extreme precipitation changes
still remains poorly understood.

Methods Based on a long-term field experiment involving five precipitation treatments (50% reduction, 30%
reduction, natural, 30% increase, and 50% increase) conducted in a desert steppe in Ningxia since 2014, the
changing characteristics of plant biomass, species diversity and their relationships with soil properties were
studied from May to October in 2020.

Important findings During the growing season, plant community biomass, Patrick richness index and
Shannon-Wiener diversity index tended to increase first and then decrease, whereas no obvious regularities in
Pielou evenness index and Simpson dominance index. Compared with the natural precipitation, the decreased
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precipitation had less effect on plant biomass and diversity, especially the 30% reduction in precipitation. In most
cases, the increased precipitation stimulated the growth of Sophora alopecuroides, Stipa breviflora and
Pennisetum centrasiaticum, and thus increasing plant biomass. However, it did not significantly change plant
diversity when precipitation increased, especially the 30% increase of precipitation. Plant biomass was
significantly affected by soil urease activity, temperature, water content, pH, phosphatase activity and sucrase
activity, while plant diversity was significantly affected by soil water content, electrical conductivity, and urease
activity. In general, the results indicated that plants have high adaptability to moderate or even extreme drought in
the research area under seven consecutive years of changing precipitation; moderately increasing precipitation
increased soil water availability, enhanced exchangeable ion mobility, and stimulated enzyme activity, thereby
promoting plant growth. However, the continuous increase of precipitation leaded to the increase of plant biomass
and plant water consumption, resulting in the lack of soil water in the late growth season and then the early
completion of the life cycle of some plants.

Key words changing precipitation pattern; arid and semi-arid region; ecosystem structure; ecosystem function;
soil environment
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Fig. 1 Monthly average precipitation, wind speed and air temperature in the research area from 2014 to 2020 and in 2020.
Meteorological data are from China Meteorological Data Network (https://data.cma.cn/), the weather station is Yanchi station (52723).
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Fig. 2 Effects of long-term changing precipitation on plant
community biomass from May to October in the studied desert
steppe (mean + SE, n = 3). Different lowercase letters indicate
significant differences in plant community biomass between the
precipitation treatments under the same month (p < 0.05). W1,
50% reduction in precipitation; W2, 30% reduction in
precipitation; W3, natural precipitation; W4, 30% increase in
precipitation; W5, 50% increase in precipitation.

HHF FABREE HET
60 - Lespedeza potaninii 16 -  Astragalus melilotoides 25 - Sophora alopecuroides
a a
50
" 2L 20L ab a
30} a a 8l a b abe
a 10} be
20F a
10+
0
T 60r . 120 s 20 ¢ BEE
& S0k Pennisetum centrasiaticum 10 Stipa breviflora a Artemisia scoparia
~ 15+ a
g 40 8 |
£ 30 6
E;ﬂ 20 4
K10 2
4 o b 0 0
8 . PFURTMILELE 75 - HAb Y Fh Wl W2 W3 W4 W5
Heteropappus altaicus Other species
6l a 60 -
4 45 |
- a
30 - a
2t a
a a 15 + a

0
W1 W2 W3 W4 W5 W1

W2 W3 W4 W5
W&k AL B Precipitation treatment

E3  BE/KEAAX B R T F YR AR Y 2 Y W CPMEAR R, 1 =3). DR/NG FRERRED PR Y ETER K
AR ZREE (p < 0.05). W1, FBKEED50%; W2, BEKERBD30%; W3, BIARIKE; W4, FoKEN30%; WS, FEK

EHEIN50%.

Fig. 3 Effects of long-term changing precipitation on plant population biomass in July in the studied desert steppe (mean = SE, n =
3). Different lowercase letters indicate significant differences in plant population biomass between the precipitation treatments (p <
0.05). W1, 50% reduction in precipitation; W2, 30% reduction in precipitation; W3, natural precipitation; W4, 30% increase in

precipitation; W5, 50% increase in precipitation.
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Table2 Two-way ANOVA of plant diversity in a desert steppe under long-term changing precipitation
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D, Simpson dominance index; E, Pielou evenness index; H', Shannon-Wiener diversity index; R, Patrick richness index. *, p < 0.05; **, p < 0.01.
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Fig. 4 Effects of long-term changing precipitation on plant diversity from May to October in the studied desert steppe (mean + SE, n
= 3). Different lowercase letters indicate significant differences in plant diversity between the precipitation treatments under the same
month (p < 0.05). W1, 50% reduction in precipitation, W2, 30% reduction in precipitation; W3, natural precipitation; W4, 30%

increase in precipitation; W5, 50% increase in precipitation.
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Fig. 5 Redundancy analysis of plant biomass and soil factor
in the studied desert steppe under long-term changing
precipitation. Am, Astragalus melilotoides population biomass;
As, Artemisia scoparia population biomass; Ha, Heteropappus
altaicus  population biomass; Lp, Lespedeza potaninii
population biomass; Pc, Pennisetum centrasiaticum population
biomass; PCB, plant community biomass. AP, available
phosphorus content; C:Pg, soil carbon content: phosphorus
content; MBP, microbial biomass phosphorus content; NHj;-N,
ammonium nitrogen content; NOs-N, nitrate nitrogen content;
PA, phosphatase activity; SA, sucrase activity; 7, temperature;
TN, total nitrogen content; UA, urease activity; WC, water
content.
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PR 1 7K B AN IR g P S 00 ) TR AH G O%
%, SR ANAINH-NE & S50 ) fk e
KFZ;, BABKRBEEMNBAYES LIEIRE.
NH;-NFINO:-N& & 2RI IEA XK R, 511
WREEYE . SR EMpH R ARG R

W Z 1S LR RDAZS R (K6) 2w,
PRSI R TE T ZE R 995.61%. XTI Z 4%
PRS2 2 IR S TR A KE. R ARE
(R4 . H, Shannon-Wiener £ ¥ P4 45 Z Al
Patrick =5 JETRE 5 L EKE . HL S M IREGE
P BRI IEAHDSR R, 5 LIENHL-N NO3-NAIf
A EPE B ERR MK R, Simpsonfll
A FERHS T HENHL-NL NOs-NRI A W) P
HERRNIEAE KR, 5 HIEE/KE IR
I 2 BRI A O OC R Pieloud) &) FE4R 4L
53R E. EAPEEMMAEN Y ECNREERT
MIIEA R K R, SpH. BENEBEEPEFINO-NG & 2
BRI AR R o

3 PR EAR G R SRR SR A i G R T LA ST % R R B 2 A R

Table 3 Conditional effects of soil factors in redundancy analysis of plant biomass with soil factors in the studied desert steppe under long-term changing

precipitation

{847 Index UA T wWC pH PA SA C:P, AP NH,-N MBP TN NO3-N
F 10.1 6.9 6.9 47 4.1 3.0 2.7 1.4 12 1.0 0.9 0.7

P 0.002 0.004 0.006 0.006 0.014 0.048 0.076 0.264 0.270 0.368 0.444 0.518

AP, TR S hE; C:Py, LIRS 5 WA B MBP, /A A & B NHG-N, 885 &5 NOs-N, TS PA, BERREHEVE; SA, TREMENGE 7

T ¥RFE TN, 2% &&=, UA, IRERETE; WC, &KE .

AP, available phosphorus content; C:Ps, soil carbon content: phosphorus content; MBP, microbial biomass phosphorus content; NH;-N, ammonium nitrogen
content; NO;3-N, nitrate nitrogen content; PA, phosphatase activity; SA, sucrase activity; 7, temperature; TN, total nitrogen content; UA, urease activity; WC,

water content.

F4  BKEAR R SRR FEY) 2 R S IR T A TR 2 vh & 35 R T RO

Table 4 Conditional effects of soil factors in redundancy analysis of plant diversity and soil factors in the studied desert steppe under long-term changing

precipitation

fG#% Index  WC EC UA T NH;-N MBP NO;-N AP CN, SA N:P,
F 8.0 6.7 6.0 38 3.7 1.7 15 1.5 0.4 0.4 0.3

P 0.008  0.028 0.028 0.058 0.068 0.212 0.248 0.252 0.548 0.562 0.578

AP, B C:Ny, SUE ARS8 A S & EC, B5:5; MBP, WUEM AR B & NH-N, 8% 8 8; NOs-N, AR S NPy, 4k
YRR RS A R SA, JRHEREIEE T R, UA, IREEEE; WC, &KE.

AP, available phosphorus content; C:Ny,, microbial biomass carbon content: nitrogen content; EC, electrical conductivity; MBP, microbial biomass phosphorus
content; NH4-N, ammonium nitrogen content; NO3-N, nitrate nitrogen content; N:P,,, microbial biomass nitrogen content: phosphorus content; SA, sucrase

activity; 7, temperature; UA, urease activity; WC, water content.
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Fig. 6 Redundancy analysis of plant diversity and soil factors
in the studied desert steppe under long-term changing
precipitation. D,  Simpson dominance index; H
Shannon-Wiener diversity index; R, Patrick richness index; E,
Pielou evenness index. AP, available phosphorus content; C:N,
microbial biomass carbon content:nitrogen content; EC,
electrical conductivity; MBP, microbial biomass phosphorus
content; NH;-N, ammonium nitrogen content; NO3-N, nitrate
nitrogen content; N:P,,, microbial biomass nitrogen content:
phosphorus content; SA, sucrase activity; 7, temperature; UA,
urease activity; WC, water content.

3 g

31 FMEKEXNEMENSMNZ RN

B 7K T fil 2T B B R A A KR B e B A
ST (RBORAE, 2016), (REHELESRGLE ST
AE(Wu et al., 2011). AR, FEAK SR A
KB A E BN, K ER50%
TE8 H 4 2 2 BRAR 1 REds A& (1812), SExs s E
L (Bze et al., 2018)F1 P 5¢ 1 4L 781 15 5 (Zhong
et al., 2019) I L4 R — 3, UESE+F 4+ F X
W o ik R 2 AN i A R R B A (/) 3L
&%, 2004; Copeland et al., 2016; Zuo et al., 2020). 8
A A KR . B+ 5 26 A MR A
oK BRI, R YE AL AR U, SE R &
W AEEA e Bess Ty, e A Y &
DL, BEKESE IR, BIER10H 4
G, BEKER NSRS 7 RE AR, JUHEREK
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FOEFEE, 2011). HEFKERREEINTECLE S K
EIABEA, @AM E, AR T AR
o BB BRI EEE S M T 3508 5 A Uk
Z., I R e A s (B13) . AT TR A,
o B R K B VD i R B WIA TR, i g
S IRE R RGN (CE RS, 2018), XTI A
AR RIE AR

FEK BT, VM IAE BT B 25
IR o AT, FEKEIRD R4 ZFEE TR 2L
HIRE AL, AP 7K B b 50%1E 6 H 177 3 3% B AR
"/ Shannon-Wiener % ¥4 45 ZUF Pielous 2] FZ #5 50 .
TER G TR & T A K R G 23T 2 iia, Xt
T 5 T 1 55 R R (a0 A= BRSO L R
Bif 7R 28400 Bk A6 55 ) e 0 T AR T Hh HEBR, R BUREVR
ZREME AR CR EMREE, 2021). BFFCEM, fEKD N
F= R PR B IX, B K B R B N — 7 T > 2k
ST AFIRER L Dk D AE P T P N RN ] 55 4 (42
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M SE BV 2 FEVE(FIVINTT SR, 2015) 0 4B 78K 3,
AR R E I B A B T3¢ S Patrick=F & &
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3 Shannon-Wiener % £ 4 #§ £ Fl Pieloud?) 5] B 8 44
E10 A 8 3 T, 5 & €% E S 5 (Carex
alatauensis) %) V% A 7T 45 R (F KBS, 2003)
— .
32 BKETHUTEMEYEMZHETH
Mo & 2= 53 4

B 7K R BG sl b 2 S 8 5 Bk B kK A AR AL,
OO IR OA S, INTIAHEYAE KR B 7 A 25
M(Wu et al., 2011). A, YR & 2 50
VIMEAYE S LIRS SKE. pH. BER
Vit i VA A P N IR G, 5 IR B
AR (RS, EIS). HuTReI, — 7 I7E TFKE
Wi T KA R EAE, 2021), BT
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