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Effects of precipitation control on plant diversity and biomass in a desert region
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Abstract: In the context of global climate change, drought and extreme precipitation events will have far —reaching
influences on species diversity and productivity of desert plant communities. Studying response mechanisms of plant
communities to precipitation fluctuations is of great significance for the scientific management of desert ecosystems. By using
rain shelters and drip irrigation systems to control precipitation input, this study evaluated the effects of extreme drought
( decreasing precipitation by 50% , D1 treatment ), drought ( decreasing precipitation by 25%, D2 treatment) and
increasing precipitation (increasing precipitation by 50% , W1 treatment; increasing precipitation by 25% , W2 treatment )
on species diversity and biomass of desert plant communities. After one-year precipitation control experiments, we found that
there was no significant difference in shrub and grass diversity indices, nor shrub biomass, under D1, D2, W1 and W2
treatments. The above-ground biomass of grass layers was sensitive to the precipitation changes. Grass biomass was (10.54+
2.36) g/m’ under DI treatment, in contrast, grass biomass reached (105.69+28.60) g/m’ with 50% precipitation
enhancement (W1 treatment ). Grass biomass showed a linear increasing trend with precipitation enhancement and was
significantly correlated with soil water content of the shallow layer (40cm depth, P<0.05). Therefore, biomass of grass

layers were closely related to short-term (one year) precipitation fluctuations. Based on long-term location experiments, this
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study will further explore the effects of precipitation change on desert plant community characteristics, the results of which
will provide data and theoretical support for response mechanism studies of desert ecosystems against the background of

global climate change.
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A PR & 186mm , HIENARES 4 | + IR S AL BT . 5 B2 R R 15—30em . bR /KRR TG
PUAE AR 2R B ORI R R Y T2 K A SR IR T R SR AR, WK B 4E e 7—9 A HIRETE
2H A R LI AR ER TUR ( Kalidium foliatum) 2 E-¥E T3 (Salsola passerina) FIZLAY ( Reaumuria soongorica) NI
BIEA, LLZINEE B ( Eragrostis minor) W85% ( Suaeda glauca) NITHFA
1.2 S5k

2015 4EFE T B A D/NA I MUK, A5 T 15 4> 3mx3m BAE B AR b, 308 5k 388 W9 03 AN 6 2R G Sk BT AR TR Y
R 25 R A 21201510186556.9) , 44 5 KK B B2, BB i+ 540 BE (-50%, D1) T 54k
PH(-25%,D2) WHR(CK) JEFIALEE 1(+50% ,W1) IEFRALI [1(+25% ,W2) , BN ab Bl 3 AN d s, (A, 76
UG XN SR NG ol | TR R K i 25 R A B0 G 4RSS (PAR) (LI 10em FlT 40em A &K
IR EE R SRR TR S R AR, R CR1000 BCRAGE s BE . Zd —4E WM BFSY, T 2016 4F 9 K,
HEAT IR S AR ) B S VR AR DR A, FERE IR O TR E R A T R A W Ol sk e — R AR 1 5
WA B 5 FEAS TR A R TR R /K A B 7 h AL S 3 4> 50emx50em Y/NREDT HEAT I A, 23t 45 T,
FAHY b ARy R TR BN IBORE | SRS AERERE h 75 CEIRME T R H T
1.3 Bdlhb #5704

M YIREE P Fh Z RS B0 TS A S R

FHFEFEL R=S
Margalef 5% . D=(S-1)/InN
S
Simpson ZFEPEFEEL . A= P
i1
s
Shannon-Wiener 22 FEEFEEK . H= z pin(p,)
s
Pielou 3y5] 5% . E=H/InS
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Table 1 Best estimation models of above ground biomass of shrubs

YRR Bt ZH Parameter

The name of the species The best model . b R? P

EITUR Kalidium foliatum W=a V" 0.004 0.971 0.917 <0.0001
BB Salsola passerina W=a V® 0.011 0.884 0.893 <0.0001
£ Reaumuria soongorica W=a V" 0.012 0.783 0.873 <0.0001

W HE K948 Biomass of shrubsa,b AFEHI 2240 Model parameters; V: AR Canopy volume of shrub

FIFH SPSS 19.0 # AT M N ZTT 2270 M7, HEBAS [) K Ak B AR ) 22 A P At L A= 0 FR 2 ), 25 55
RFZA TR LSD LA T 22 5 LU R 1R DL AN TR K Ak BN M B2 o A AR SC 1 . SR AT Origin
8.5 BriFitATL A,

2 SRS

2.1 R[S A BE A K oy S AR 1

KK P il + e EK B B — e RN AT, 2 b DI D2 .CK (W1, W2 4R 3] 10em Al 40cm ~F-¥) +1E{A
BUEK AL (v/v%) 5331 R 11.38%+0.89% ,8.96% +0.99% ,9.57% +0.71% ,14.36% +1.06% . 11.97% = 0.89% il
9.08%+0.46% .12.39%+0.67% ,14.52%+0.89% 21.39%+1.34% 18.15%=1.11% , 38 it -+ HEVREE KK 42 1 4%
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1 3 A = R Z -3 S K S I 5 25 3 AL, T IBIREE KA 4500 A 0y, LA SR A R K 42 i) 2% A
A 2E EAE RO 3 S /K RS2 IR .35 (P<0.01) | R38R EE 5 0y Y32 BAR T BEK S2 10 25 A5 1 A 9 32 BAF
FHXF I ER BRI B 2 (P>0.05) (K 2) AR LIS K E 5Bk E R EN 2 eEH—2 E
10em +3EEKE B EKTXT 40em HIES/KE (R 1,K2),

x2 TEREBKEHEZG RAGXTBEEKERM(WHEE 20, FHE)
Table 2 Effect of soil depth, precipitation control treatment, month on soil water content ( Two-way ANOVA, F value)

725 HT ¥ Factors
Two-way ANOVA S D M SxD SxM DxM
35K Soil moisture( % ) 0.45"* 16.02** 5.07" 8.24 % 0.45 0.09

S: HIEIREE Soil deep; D BE/KEEHI S5 Precipitation control treatment; M : H /) Month; ** ,P<0.01; * ,P <0.05

30

10 cm H-3E ok B
The soil moisture of 10 cm/%

40 cm HHES kB
The soil moisture of 40 cm/%
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Fig.1 Monthly changes of soil moisture under different treatments
D1 #edi T 5 AL BE(-50% ) -50% precipitation; D2; T 5403 (-25%) —25% precipitation ; CK ; %t #& control group; W2 3 F AL B T1( +25%) +
25% precipitation; W1 34 FRHALFE 1(+50% ) +50% precipitation

22 RIAM KB R BEE YR SR R B we o
221 WEAJR AR ) R {0

TEHCR R Z PR FR SO HER)Z | W Fh Z PRk T
T ST 25 R R WA R SE B A T HE R Z R R 52
FARZE(P>0.05) (£ 3), Margalef 5% . Simpson 1§
%4 Shannon-Wiener $§ 805 KB H BLAE AR s T 5 Ab B
(D1), %35} 0.86+0.14 0.47+0.09 .0.88+0.16; Pielou
YIS BEFR BB 43 B AN I S B 48 kB  (H 22 SEEA
W2 (P>0.05) , S KRB IRAE G TR AL T(W 1) , 2R 0.69

wn
(=)
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(98]
o
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20
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2016-
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£0.10. SERERER
222 HARZFYFZEEAE HH Date
XTEAJZ B YR 2R FR B AT B R O 20 b E2 B EkEBHATK

(2 4) K, EAS R B K22 0 244 F |, Margalef 8 250 Fig.2 Monthly changes of temperature and precipitation
Pielou $J5] R 822 54 .35 (P<0.05)  {HIF KBl A 7K

I3 BT IE SBE 0 ) Y, e AR X AR T AR BE (D2) , 739 0.48£0.04,0.82£0.04; Simpson 15 5 Fl
Shannon-Wiener F5 4022 S PEM 3 (P<0.01) , S RAE I BUAE T 403 (D2) , 43518 0.50+0.04 ,0.79+0.06
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Table 3 Variations of shrub species diversity with different precipitation control treatments ( Mean+SE)

YR Z R S AL PR The experiment processing . ,
The species diversity index D1 D2 CK w2 W1

R 5 3 5 5 4 1.45 0.258
Margalef $5%% 0.86+0.14a 0.46+0.09a 0.62+0.06a 0.67+0.10a 0.58+0.03a 1.76 0.180
Simpson 154k 0.47+0.09a 0.35+0.09a 0.44+0.04a 0.44+0.16a 0.47+0.04a 0.26 0.903
Shannon-Wiener $§%% 0.88+0.16a 0.59+0.13a 0.75+0.07a 0.76+0.24a 0.76+0.06a 0.48 0.753
Pielou Y757 B4 4L 0.63+0.06a 0.54+0.11a 0.68+0.07a 0.63+0.19a 0.69+0.10a 0.29 0.883

Fe B Y AR iR [ — A7 AN ) T Bk 3R 25 Sk 3 P<0.05; D1 M i T 52 A B (- 50% ) —50% precipitation; D2 54 3 (-
25%) —25% precipitation; CK; X I control group; W2 ;3 FRALEE IT(+25%) +25% precipitation; W1 ;3T AL 1(+50% ) +50% precipitation

R4 FREBKEHEGETERRER S EEEWLCPOEARER)

Table 4 Variations of grass species diversity with different precipitation control treatments ( Mean=SE)

YR Z R S AL FR The experiment processing . ,
The species diversity index D1 D2 CK w2 W1

R 3 4 5 5 5 2.71 0.038
Margalef $5%% 0.38+0.04 ab  0.48+0.04 a 0.37+0.02ab 0.28+0.03 b 0.43+0.04 al2.89 0.030
Simpson 5% 0.30+£0.06 ab  0.50+0.04 a 0.31+0.03 ab  0.31+0.07 ab ~ 0.20+0.06 b 4.15 0.005
Shannon-Wiener $§ %% 0.48+0.08 ab  0.79+0.06 a 0.52+0.03 ab  0.47+0.08 ab ~ 0.36+0.08 b 4.34 0.004
Pielou Y757 B4 5L 0.56+0.09 ab  0.82+0.04 a 0.61+0.05ab 0.67+0.13 ab ~ 0.37+0.10 b 3.25 0.018

2.3 REOKAEHIXTRE VR A= 1y it () 52 il
231 HEARERAYE

TS RE A M b AR i A TR N 2R T 25 TR (3R 5) |, AN TR B AR 4 i A B HE AR b= A= ) 5 e AN
., OEARM AV RZK RN AR E LR RIS K R RN 2 I T R R
P RMEHIE T 5L FE (D2) , N (369.39+12.41) o/m* ; B BRI B3 AR W) HE 2K 20 5 25 BN 1 2%
(P>0.05) , bt sh s SR A i — 20, S R (E H BE AR T R AR BE (D), 4 (146.83+67.49) ¢/m” 5 £ JTUR
M b A i 32 K 35 e 22 5 2 (P<0.05) | {H A Wi T R BEZK 43 Vs in 22 BG 22 (R ka3 ) s KBt B R AE T
LB (D2) , A (224.12+19.97) g/m”,

K5 FRKSEEFMGTERN EEWECPAMEARER)

Table 5 Aboveground biomass of shrub with different precipitation control treatments ( Mean+SE)

WEAHL YR (o/m?) B AEFE The experiment processing B »
Aboveground biomass of shrub D1 D2 CK w2 w1

UK Kalidium foliatum 70.08+31.33 b 224.12+19.97 a 208.04+16.70 a 143.84+48.58 ab 196.40+32.94 a 3.96 0.017
B ESE Salsola passerina 146.83+67.49 a 101.10+46.15 a 87.28+19.31 a 108.93+16.65 a  76.82+15.32a  0.53 0.717
JBA Total 229.16+41.72 a 369.39+12.41 a 311.63+20.57 a 257.59+52.89 a 276.74+49.40 a 1.83 0.165

232 HARBERFAYE

AN TR 3 K F2 1] 25 A X6 FEASKE ) A ) £ ) S f 2 (3R 6) , AR VAR A W i 7K - P 398 o 5 0 36 15 ) 28 b
P (E 3e) BRI AL EE T(W1) , }9(105.69+28.60) g/m”, sk 2 Fdl 3 (P<0.01) , ¥ FHA
B TR EE AN JE 5 AR K A3 2 R T Bl 1 4 W A8 i 5 R A AR AR Ak 3 — B, e B KA
HELZESE AL EE T(W1) , M (62.45+12.15) g/m” , AW 57K 40 & i R IIE A OCE (] 3a) , H 25 5540 3% (P<
0.01) . Ti/INi JiE B A= 9y 9 A8 A e 3 B SR B /K 23 (R B T a6 184 ( 11 3b)  H 25 SR B35 (P>0.05) , fe KfH
HIRAEHS AL BE 1T(W2) , 4(0.98+0.15) g/m*, MK , P HPI0GE X A Py i 0 A8 A A 8 G T, T
/NI JiE O A AR R AR AR R A I
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Table 6 Aboveground biomass of grass with different precipitation control treatments ( Mean+SE)

ALY R/ (g/m”) S LB The experiment processing v ,
The grass biomass DI D2 CK w2 Wi

3% Suaeda glauca 3.36£0.62 ¢ 4.06x1.02 ¢  33.64+3.21b  62.45+12.15a 49.14+531ab  12.55 <0.001
/NI JB . Eragrostis minor 0.09+0.01 a  0.84x0.13 a 0.68£0.14a  0.75£0.02a  0.9820.15 a 0.66 0.65
S Total 10.54£2.36 ¢ 7.02+1.19 ¢ 38.65x4.16bc 105.69£28.60a  57.52+7.71 b 10.14 <0.001

E 100 k) 9897+ 1.27x +0.01x2- 1.91 X 10743
2 R*=0.97 P=0.002
: 80
H 3
S 60
g
MW 40
B2
=]
2 20
<
£
2 0
m 1 1 1 1 1
-50 -25 0 25 50
250 -
- 200 |
I y=38.99+ 1.59x + 0.01x2 — 2.18x°
- 150 |

R?=0.99 P=0.005

100

W
(=]

AR A B
Total biomass/(g/m2)

SO Q = === =
I N N N N S N =
T

y=0.78+0.01x + 6.66 X 107x*+ 3.57 X 107%
R=099 P=065

=50 -25 0 25 50 =50 =25 0 25 50

AbFE Treatment

N JE R A
Biomass of Eragrostis minior/(g/m?)

B3 FEAHE b A X R B B ko 5% A4 B e R RS B

Fig.3 Response tendency of grass aboveground biomass to different precipitation control treatments

2.4 BEERHES BHESOKEZEER
241 PR ZRNS HEESKEM LR

Yih ZREPE 5 TS KB OCHE A R BT (R 7)), BEARYI R ZHE RN 10 40em TR R T3 ESK BIA
i 2R OO s AR R Z AR AT 40em HHES K ERAR G AU )2 10em Ab 38 57K 68 52 55 TR Mk (P =
0.07),

K7 TRRELTESKESUHSHENEXE

Table 7 Correlation between soil water content and species diversity at different depths ( Pearson correlation)

LEES 0 EARYIFhZHENE P FAYI R RN p
Pearson correlation shrub species diversity grass species diversity
10cm 0.474 0.42 -0.844 0.07
40cm -0.122 0.85 -0.542 0.35

242 HYm5HESKERNER
XA S S KA TR 4 R R A A Y B S 10em TR 385 K & 2 (8] R FH 56
PR E (P>0.05) ,40em T HEF 7K G UM ELAAE Y GG A= ) 8 A0 G B 2 (P<0.05) (£ 8) .,
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x8 TRERELERKESEMEMNEXE

Table 8 Correlation between soil water content and plant biomass at different depths( Pearson correlation )

AR A HIUR BHIEER AR Bi3%E ANETER A Yy
Pearson Kalidium Salsola Shrub Suaeda Eragrostis Grass
correlation Sfoliatum passerina biomass glauca minor biomass
10cm -0.263 0.050 -0.722 0.729 0.018 0.840
40cm 0.429 -0.607 -0.102 0.960 ** 0.677 0.945 "

#%  P<0.01; % ,P<0.05

3 Wit

30 KRG FAHIEA R R A5 PR S R B

it R AL PR BT A 5 R 5, K A R 1 1 BB K 32, i 5 A ok 1 K B 30
Lol UK AR AR 1 S0 RS S PP LU S AMBFR 242 AR TFJu s e
U AE KRN 10 2P DA VA2 0 R 5 5 Bt ST MR A T 58, 10125 S
FIR B8 (P>0.05) o B SEKHTA 45 89 920 45 A SAIBL, BIHE A B0 2 REHE RS K 5
SPERIU 2 R B, T R A5 4 5 8 R IR K A R I B0 2, 00 35 1 O 2
VKO 2B AN L TH RS T, KA X T S W AR R B b Bk T RESE 264 8 g
A S R AR B | GOILIRIA IR IA A e B 0 22 B K T 52 S K S B A
SRV RE R 2, S 001 (LA 1 4R ) B 7K 485 A R A5 A B 0 2 RE B 3%, et
A K00 O o 6 K 5 M 128 FLAT — 6 1 T 32 e A G = 7 3 15 8 i i
REAE R WAL VT BRI (RS A2 H U A SO O B2 T F AR 45 e
25, W02 (R 2 W 0 T b SIS e R O S0 IRIRE, SR O M0 5 R X
R A RS A7 352 5 S0 5/ B8 T B
32 AKGMHAHIEA RIS A5 A 0 5

FEFEUEHLIX 1 B Ry 2 A 1 35T 48 Rt WK A P ROWA B A R AR5 % UMK A XS
B SR S |- A A S PR R TR R % (P>0.05) AR Ui SRR O£ 5 il e F
MR B AT KA AR R | IS ) % A B A R B ) 0, T L, A3 1
T M A K AR 30, AL K 0939 R TP R I O, £ 7 30 0 S S WA B B
BESh R T 5 M B R 2 R TV 2 1 R IE W WK A P R R 0,28 72 G AT %5
BV B2 7 RS HREV AT T TR M S ) AR R A R A 0 BRI 2 ) B0 1 3
(P<0.01) T4 T/ NI BRI BE0 R .35 (P>0.05) , (BEIBK S S B A S35 56 557 SR
A HBFTORILL, 5 0K S RN LN A RO 0P W, RSP 5 R 00 2 7 ) IR A,
2 T S I A R 2 AR T, (ELJ:, M HEDSERA 0 A 7 T B L K 53 R 96 15 437, VR AR R
A T B FIIVRIZ AR A, IR, A R 2 R B TR R — A s A AR B
EE ARG UK B UTAIE . [, XHME K S0 R S SR, B8N, A 0 B
K53 PR 26 e S A AR, LA O P M1 0 BB C, RO 17K S 3 0 e /INTO 5 T8 L
33, TR K S O 8 R
33 R ERERERVE Y R M AKX R

B2 R S0 BERRES DA MR 4314 40 S B B ORI — AT, 8 S M I I SR BE A B D0 6 R
SRR ROLR A TRBL, A TFIuS R WEACRI A TR R 15 4 M S /K ik 2 I Ay 1 i
I (P>0.05) o 48 T PRI RERE K T 2K ST 38 X BRI 17 0 A 0, 15— 19 -+ K 434
P, REE PR 2 K 2 (R 1 — 5, 2 B0F SR Sh g S0, R 2 KT B S PR —
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SERIM N, S8R m AT S S EE Y £ T R, SR A Al T RE S G KA el plingE
FKEBJE TR ML T 50 54—l s T2 545 R HAEY & P8 T 37%, 1 FAY & T
47%", P R SR R YR 45 R S R K e R OISR O Rh 2R S K i 2 ]
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