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I FE A D o R i 1 i ) A B ) 5% B 3
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1.1 ARXER

WF 5% XA F 500 78 638 0 5 B 4 S
(41°25'N.106°58 E, g4k 1 650 m)"™* . iz M ik F
Hl Al JE R RE T R AU, AR 5.3 °CL AR
K i 151 mm, 4FE 2] XH S mes™'. A HE2RAI DIAE
5 - TIPSRy 35 R 28 AR S T o 5 S
FEN R 28 R ST B R AR BE 5 AR S
B JEAIE Tl 2010 45 IF 4 BB 00V AR EESE R VR N
REE D R BRI £ (Stipa glareosa) 5§ 5E % |
W% AE (Allium polyrhizum) | 5% 7 Ak (Allium mongoli-
cum) 1% (Artemisia frigida) % o 3% SETE L) % #E
AR 40%, BT BE  25%

5% X 2018—2020 41 14 B 7K 1 FR A UL & 1,
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Fig.1 Monthly and annual precipitation in 2018-2020

mm; A K BRI (3—6 H ) FEK & 50510 8 21.4.75.9 .
352 mm, 20184F[E/K A, FE AR EET—8H,
A K ZERT I R K R . 2019 4F A4 K ZE R R K
1 B 5 2018 4F 12020 4F 5 .

1.2 K%t

2018 FELER A TP A BT 28 RIS Thise i T 34K
S 11 [ K Ab P 56 (Cont.: AR FE K 5 +50% - 48 i
50% [ 7K 5 -50% : I 50% 7K ) o 3R FHBEALIX
Wi, A 6 NEE 18N NX ., B
A/NXTERN 6 mx6 m, /NX IS X R 2 m, it
BRI 1 G 0 W D A K R R N o, O A A S A
— /NI B AR i, 7R K AR /N IX, 4—8
H A AR R K 38 [ SR B K =1 50%.  H Al
LKA IR IR S F T KA K , R AN &
HHLAZE IO TR B K B A, 50% Y R
K SR 38 3 A 30 R T35 LA AH 45 () B HE 51 119 45 10
RS SE R SR T 3% A9 o 38 R AR FH v 8 Ol M SR TR
fiss, Al 2E 3530 90% WA RO ST . RAFIEREE R
Je b AR R . A YRR £ 8 AR (1 m )%
FEAS /NIRRT, LA N 23 e 00 ) 4

1.3 XESMNERFE

T2018—2020 4F By BR4F 8 A rh A , i AR I 50
ANKHUE XS mx S m 95 L PN R A SR, DA/ IVEE
i WHBRRN . FEREAFETT N S—8 MR R/
7 10 % B 32 MR 4 S0 BSHG A BOBORI SR SR, O A
JUMSE BR T o SRJE RBE 20 H 26 A7 1Y L3 58 & (g i
TR IR pE AR ] U A B AT
4 XA KA N (R EE<S °C) . WIS =5
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7//'\ 7;% 42 %

Pt 2T 4 °CRY 2 B 1k v 6 h, SR 5 B 4
it W KRR K A 8 100t PR R 49
f#i12 (Epson perfection v330 photo, HAY) 14, H
WinRHIZO % {4 (Regent Instruments Pro 2015a, il
) E M E A (LA, leaf area) . I HEl: RN
(DL91150, H [ ) I & w J5 J& B2 (LT, leaf thick-
ness) . PR E THGEETT 70 2 — 0L+ RF FREL
10 /I | 9 i Fi e 85 (FW, fresh weight) o e
LA 65 CCHEFE ML 48 h 5 B ARt 8 (DW, dry
weight) . I EFL(SLA, specific leaf area) f2 #f fif
I i B A5 KT E 2 L, B SLA=LA/DW.,
A+ 5 # (LDMC, leaf dry matter content) 4
M T A A E 2 [, B LDMC=DW/FW,
3R 2 g e AT A IR BEE I R BT DL HOT R
ST (Costech ECS 4010, 7 KA ) I F sk & 1t
(LCC, leaf carbon content) . I7h, 7E£5/NX BB AL
£ 145100 cmx100 cm HYRETT , I8 £ 4% 52 %tk KO T
S AE W AR . A S50 % T 65 °C
T HE48 h EIHEAFIKLEE AGB.

1.4 HESH

H W R & 5 2 43 M1 (two-way ANOVA) 43t
AN TR KA AR AL B AN [R) AT Ay [B) 6% B0 32 3 B8 R 504K
FE AR B L AGB 1 6 T REPEAR 17 2% 5, IF H Dun-
can{E AT Z H AL, ] Pearson A G/ M i A 4 5%
SpE M LAY S AR OC R . o TR
IR Ak (8 7K S ok Ak BT A K 2 i 30 A K o ) o 3%
0¥ 3% AGB RS2 IR AR, dES7 T 4544 )7 BR AR 7Y (struc-
tural equation model, SEM) . #5574 rfv DR 7K 4k BN
AR T R K o A A AR s DA BRI S
AR 28 B2 DA M B3 6 A DI Re AR 9 A 72 o 5 B
U AGB A [0 A8t 3 A XA DG A B Y 07 1 , e
455 AIC i fe/ MBI, 5 K56 (P>0.05) , T8I
75 i 22 (RMSEA<0.05) F48L 4 1t B 45 %5 (GFI>
0.95)" . HdlaGeit /3 Hr ok H SPSS22 84, 4544 7
2450 43 M I AMOS25.0 #F . %4 ] Sigma-
Plot12.5 & f4: #11 R f) basicTrendline £ .

2 #R
2.1 BEKRTURIEESFH RILH ERZE
FAAGBBIE A

U Y 35 A3 R R R S MR %% B R AGB X [

K A% A (Kb BEFTAE B ] ) 4 e i AN R (2% 1) o 3% B
T 1) 43 AR R SR I A A K e 1S T G
(F£2,F2). 5 50% &K (-50%) Mt , H 2R
k% 7K (Cont.) A3 i1 50% [ 7K (+50% ) 43 51 4 43 4%
BN T 05245 A0 1.34 4%, RSB N T 2.19 £ AN
3.881% . 5 ASRFEIKA L, 187> 50% R 7K (i 9% 3¢ 3%
AGB B E RN T 60.44% , AHFF 5 B X6 Ab HHLFNAF P
[i) 14 B8 A A8 A 1 i 07 41 I 3 (P>0.05) o T 43 A
B RSB AR PR (] 34 25 5 b 2 (P<0.01),2019 4F
B A3 BB RSB R o DL, B K A B 5 AR PR Ag
HAE X B W R (P<0.01) , XTSRS80
B2 (0.05<P<0.1) . 5 A SRFEIKAHEL, 2018 4F
12020 4 9 2> 50% R 7K T 43 A8 i AGB # t 3
RAEALC, TS 11 50% Rée 7K %o TG 1 2 52 1 5 {5 2019 4F
I 7> 50% B 7K 0 I T i 25 ), 17 35 i 50% B 7K
AR RSB AGB ) B, XA fE S
2019 4FAE KRR IR KA TS A G (BT 1) . S mA:
K 7 [ K sl A K R FTI B K A 2 B R T oA
FIRLAT .
1 FRAKIE IR TR IE MR AR T E S
Table 1 Variance analysis of the effect of precipitation

change of on traits of Peganum harmala

PEAK Mk AbFE  AREPR[A] [ AR TR > 4FPRIA]
IR 36.3067  16.3217 4.489"
I 12.357™" 7.093" 2.350"

TR 2.864" 1.724 0.576

AR 8.363 1.266 1.143
L g 0.922 12.230™ 3.959™

i JREEE 0.449 14.284" 0.326
AL 14.302"" 1.845 93737
FE i E . 26,902 4.894 6.954""

B i 2.737" 19.002" 242"
T e 15.023™ 1.467 3.948™

ST TRUTAY IR AE 0.05<P<0.1, P<0.05 . P<0.01 1 P<0.001 7K
T ERAGIEE X,

2.2 FEAKZTUITTETEZ TN RE AR BRI R A0

i 36 1) A [R] T e DR 0 8 A AR Ak (b 2 D 4
B[] ) By e o7 A7 AE 22 57+ (R 1) o B KA BEXF SLA
LDMC Itk = A & %2 (P<0.001) . 5 B 58K K
A, ZEUR D 50% R K A HF 5% BE 32 1) SLA FA% =



552 SRHOHT A . BRI X T TR B R K BEE (Peganum harmala) #1950 A 5200 167
T2 BEREUHREABRAKTHUTHERILE
Table 2 Comparison of traits of Peganum harmala under different precipitation changes
[ K Ak 2R AR
-50% Cont. +50% 2018 2019 2020
AL 7.06+0.96° 10.76+0.85 16.54+1.37° 8.19+0.93° 14.59+1.58" 11.58+1.28°
SR 1.110.3¢ 3.54+0.65" 5.4241° 1.53+0.39" 4.69+0.86° 3.84+0.93"
TH IR 4.9420.49 7.67+1.21 8.28+1.26 8.44+1.43 6.72+0.78 5.72+0.88
R 2.69+0.55° 6.8+1.27° 9.99+1.73" 6.7+1.34 7.79+1.71 4.97+1.23
iyt 0.23+0.01 0.21£0.01 0.22+0.01 0.2+0.01° 0.2+0.01b 0.25+0.01°
R 0.57+0.02 0.58+0.02 0.56+0.02 0.51+0.02" 0.6+0.01° 0.61£0.02°
[HAL TR AN 10.84+0.77° 13.99+0.47° 13.6240.49" 13.53+1.02 12.55+0.4 12.3840.41
T 373.12426.36" 251.08+9.05" 257.91+8.51° 301.15429.17° 261.88+8.18" 319.07+19.6°
I R i 1 409.16+2.92 403.33+5.37 398.03+4.94 388.06+5.48° 405.22+2.24° 417.25+2.23°
FERR = 6.44+0.53¢ 8.41+0.56" 9.97+0.43" 8.34:0.84 8.79+0.47 7.69+0.42
AN)INES S RE s AN [ B K A Bl AN () A7) =2 TR A7 b 35 25 52 (P<0.05, B giaprifi i, n=12) .
33 12
A - 20184F - 20184F
I 20194¢ B 20194 aA
20204 20204%
aA
~ 221 ~ 81 aAB
' S
35 aB <_ ab
= aA =
£ £
2 b pABpE 2B % b
R 1 aB 4 .
bA g
bB| |bB
bB
bB
0 -
-50% Cont. +50% -50% Cont. +50%
PR AL 2 ek Ak 2
15 21
c W 20185 W 20185
I 20194 201958 g
20204F 20204F
< <
= i}
= e
5! 4
o 4
o5 -
O -

-50%

Cont. +50%

Pk Ak B

-50%

Cont.
Wk b3

+50%

R b : -50% , k20> 50% P 7K ; Cont., H ARBEIK 5 +50% , 341 50% FEK o AN ) /NG SE 3 [l — A 053 AN [] B /K A B8R 0] 1) 25 5 5
AR KRG T 3R Al — FEK b B AR PR E] 22 57 (P<0.05) o T B3 LA BAR IR R (n=6)

& 2

Ree /K AR A X B B R 23 AS GRS 5 R A ) R

Fig.2 Effects of precipitation changes on branch, fruit, plant density and above-ground biomass of Peganum harmala
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8 ZEBEAK, LDMC I 25 5505 723 1 50% [ 7K ik 24
TRk BN 1.56 cm (P<0.05,%2), LA.LCC.LT,
LDMC 7EAF R[] 25 55 i 3 (P<0.05) , 4 J2& 2020 4R 4%
o MK b 5 4R BR Y A2 TR FH X LA SLA \LD-
MC FIRE &5 396 3 5 3% 1 &2 (P<0.01, % 1), X}
LCC A B i 52 i (0.05<P<0.1) . 2018 4F F1 2020

4E T 5 (=50%) fifi SLA B 3 %I, LDMC i 2 1
Jin, 1 2019 4E SLA 1l LDMC £ F# /K &b R G i 2%
Z5 (K 3), AN, FEW 50% KA , 2019 4
B Pk 2 5 T 2018 4R A 2020 4F ., X £, I %
B A A 2 T HA A 7K AT L i 2R B B 3% SLA \LDMC FlI
R 1 X A B2 7 > 4 i) o A Vo

540

0.42 21

A 20184 B 20184 C 20184
20194 20194 201948
20204 aA 20204 A 20202
L3 ~ . o BB A s AL AL
o 028 b abA 2 14 1 paB M2 B9 360 1
g Bi| ., T aAB i c
7 & B ;; bB =
= bC = <
£ T il
0.14 A % 7 += 180 A
0.00 - 0 04
-50% Cont.  +50% -50% Cont.  +50% -50% Cont.  +50%
ek Ak 2 Pk Ak 3 Rk Ak 3
&3 D W 20184E 400 E N 20184F I3 W 20184
20194 20194 20194
20204 aA 20204 20204
~ aA a
A A o a
c 061 L3 2B & 400 1 e 104 abA =
g B mﬁ ‘é bp
ey 4 B b apbA =
iz bB
gl\_‘: i b bB o bB
= 03 § 200 1 # 5
=
0.0 - 0 - 0
-50% Cont.  +50% -50% Cont.  +50% -50% Cont.  +50%
Pk ab 3 ok a2 ok a2

FA K Ab B < -50% , Ui /D 50% [ 7K 5 Cont. , F ZRFEIK 5+50% , 341 50% (K o AN[a)/NG bl 3 [l — AR5 A [ F 7 Ak 388 ) ) 25 57 5
N K E FRERR [ — B KA PR ARPRI] 22 5 (P<0.05) . JIrAT B 2 L B AR iR 268 (n=6)
B3 FEK A AT 0% 5E 2 T RE MR A 52

Fig.3 Effects of precipitation changes on functional traits of Peganum harmala

2.3 P& T U& Ue E 25 45 4E A0 Th gE MR X
AGB B H

FEHE N AGB ; A 4 Z5 i 3 R /I i 1k 388 i SR S 85 a)
RS I% I % AGB(K5) .

I5IE % AGB SOMEEL RIH BIEMBER 3 {Fip
F A5 (P<0.05) , 5 LDMC ,LCC {2 fi# 5¢ (P<
0.05.[4). VA, He5EE AGB SRR HIE 31 kT IS w5 RRM EHREE

FHIC(P<0.05) , T 5 A K 2 R K B At 35 A0 G
KR (P>0.05) o 33 X AH 5 AR 1 1) 43 B A0 % , e
LAG RN — At 5 25 W 258 77 R AL (SEM) (AIC=
32.001, x*=6.001, P=0.647, RMSEA=0.000, GFI=
0.967) , 1% SEM fift B¢ 1 4% Bt 3% AGB40% 19 5 2= (&l
5). SEM 53R I, KK b 3R AL K 2R R 7K
AR AT DY % AGB ¥ M . HARHD, oK
A 3 o v U T S TR R R R RN R ]

AGB I

FET R T R AR R, Bk i AR bk e &
IR K 53 6 R FH RIS w27 A R K S 11 /D o]
2T BRI E AR S & B AL AGB(F2) . iX
5200 E T 13 BUBOR AGB Fif 4 32 5 K B il sk /0
MR AR R ZHEEF U TR hbaA
A 25 B ATCATE ) 1) SRR 45 R 0+ 35 (] £ 49 1) 2
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R>=0.264, P<0.001 R=0.248, P<0.001 R=0238, P<0.001
30 1 30 1 . 30 1 ®
& E E .
e e E
mﬁ 15 mm
8 ] e
+ £y +H
H H H
) R =
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SRBIAHE

HERR R B /cm

10 15 0 5 10 15
RIBYAHR

R=0.105, P<0.05
30 . 30

3 B A B (gm?)
H bR/ (gm?)

R*=0.093, P<0.05

°
8
oo %

R=0.079, P<0.05
30 .

i b AR/ (gm?)

0 5 10 15 20 25 200 300
PR AR/ (ke )

HLBR S BE/(Am)

T
340 360 380 400 420 44
MR AR (kg

T 1 T
400 500 600

SRR} e dP AR N ik e e S
K4 SxseEd b A 5 oA R R SR AR B AR I o IR ) R B )

Fig.4 Simple linear regression analyses between above-ground biomass of Peganum harmala and branch,

fruit, plant density, height, leaf dry matter content, leaf carbou content for traits by AGB

\%92%(\ R=038
AT A B 7 3k R IR AR . TR TERE 5 00 R YR UE L o
B [P (I A2 ) R 7 22 MR A A L0 181 418 1) 1272

RIOEER ., ~, %, RO R IR ESE T L A B
0.05<P<0.1,P<0.05,P<0.01 F1 P<0.001
K5 BxgesEd b A S KA B A K FR TR OK |
RERR S BE kg RSB T A S EAR Y
RARHYZE R 7 AR
Fig.5 Structural equation model showing all interaction
pathways of above-ground biomass of Peganum harmala
and precipitation treatment, precipitation in early growing

season, plant density, height, fruit number

S B d A 3 TR o T A R 2 e K A e ) A
173, A FR) D020 I AR I AP % 3 114 70 S R SR 5

B 2), Seriinprs ki, 3—6 HFE/KEiER
FR AR FOR R AT I A K AR A
[7] A= A B T ) 1 5 0 AR 1) 434S R AR SE B AN TR
FRIEE I o R K R s TS i) 43 A3 78 f X BIF 9 A
Y E SR RUAE B AR KA G . AN 5E 3R
W14% ¥ 3% AGB 5 AERE /K i 3G I b F ARG, HAK
BRI B EM G, X528 5% 6T
HEY) AGB 5 5 Bk i 6 R WFE — B0 AR
JK X 6% B 3 HE AR B R AN (R 1) L X AT R
55 8% 5 3 X B 7K A2 Ak e e O SR AT DG o K R
TS, 3% B 3% ] B84 T U/ IR N 5 4, 32 B0 i 4R
BN Ry A Ry = W TE (WS IN BE IR VAT AV ER VS
BORFE = X A A R AR . W] e R ATTHE B
Th— JE B K 2 5 P IR O et A 1 R K, — e R
AU T REIK T ] AT H T R R
5 R % B 3 ) R AR 2 R T A K R A A B S
fff e M

3.2 BEKRTUXIIETEEDRE MR
HE 0 1) Ty R M BR A A 6T R K A2 A 5 I 5l



170 ik

[

EEVE

B KO 2 (oA W O R R R SLA AL 1
LDMC 3= ik A0 58 19 25 A — (£ 2) .
ik SLA . {5 LDMC HAH 4 B BB i L T 52 3595 19 B
B, n 0 i 3 Xk S e oy G LA R
M LA LT F1 LCC BEAF 3 K (K] 3) , B B 32 B R Hb
o B AR A BE Y 22 AF A A H pR B A L5 AT
A HAREA T, X — @ F 5 m 2R AR R
AR . fEAE K ZERTHIREK B3 ARGy, 5 AR
KK AH LU, 98020 50% [ 7K AR BER |, 56% BE 3% 1 bk =
SLA A1 LDMC ¥ 7JC i #5284k o iX 5 A4 K 2= i I
TR 3 BCESORI SR S 1 — 35, 7T DL 3% e 3 (1) )
RE MR — 2 B bt sZ R K B 220 1 A A AR Al
Mo Az ZE T I B 7K A 22 T DA % figp A Kt ik o
X% e A R B G .

3.3 BEAKTATIRIeESFE R EkZE
IRE R 3T AGB IR &I

I%BETE M AGB 5 40 Rk i 3 1EAH G (P<0.001,
Bl 4), 50 TR 2B 1) & F R G LY AGB
LS JE—30" SR BUEEE Fe 24 1) SEM IR
BEHE A, AT RESRE RN A0 BB S R SR BE AR O . B
7K Kb BN A K 2 i 30 A K e X A A R SR S
BRI A3 MO K BEZE () AGB. IILAh , AR /K
V1R 1 TN 5 B 32 ok s S 084 o T 42 5 L AGB, 3X
5 1R IR U R R R AF S A SR A R R R R
B AR BUPEIR 52 A 4 X6 O 9% IR A S 4 R
FHP SR (18 A B 7K 3 B ) 6% B 3 E P07 T
FR) AR R 50 LA P PR fSr TT B AG AGB . 1T L B 7k AR
AEASAS G 1o 52 M) PR 6% T 5% 1 SR S0 K T ORI 5 L 18
5 3 0% B0 3 E BF 9% b 0y o A % R DA ) 22 e A
AGB.

4 it

AHIFFE AR 78 T 7K 72 A 36 e 15 J K B
R RS MR E I eV \AGB I AN L
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Effects of precipitation on above-ground biomass of Peganum harmala
in desert steppe in Inner Mongolia, China

Guo Xinxin'?, Yue Ping', Li Xiangyun'?, Qiao Jingjuan'?, Hu Ya'?*, Zuo Xiaoan'
(1.Urat Desert-Grassland Research Station / Naiman Desertification Research Station / Key Laboratory of Stress Physiolo-
gy and Ecology, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,
China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Understanding the effects of precipitation change on plant growth and development in desert steppe is
crucial for predicting the response and adaptation of desert steppe plants to climate change. Here, we conducted a
3-years experiment to examine the effects of precipitation changes (background and £50% precipitation) on
quantitative characteristics (branch number, fruit number and plant density) , aboveground biomass (AGB) and
functional traits of the dominant plant Peganum harmala in Urat desert steppe. Correlation analysis was conduct-
ed to study the correlation between each factor and AGB. And structural equation model (SEM) was established
to explore the influence mechanisms of precipitation change, quantitative characteristics and functional traits on
AGB of P. harmala. The results showed that: (1) Under the treatment of increased 50% precipitation, the num-
ber of branches, the number of fruits and the plant height were significantly increased (P<0.05). Under decreased
50% precipitation, AGB, specific leaf area (SLA) and plant height were significantly decreased (P<0.05) , but
leaf dry matter content (LDMC) was significantly increased (P<0.05). (2) The increase of precipitation in the
early growing season (EGSP) was beneficial to the growth of branch and fruit. It also alleviated the stress of de-
creased precipitation on SLA, LDMC and plant height. (3) AGB was significantly positively correlated with
branch number, fruit number, plant density and plant height (P<0.05) , but negatively correlated with LDMC
and leaf carbon content(P<0.05). (4) The SEM showed that increasing annual precipitation indirectly increased
AGB by inducing the increase of plant height, fruit number and plant density; EGSP indirectly affected AGB by
inducing the change of fruit number. Both the changes of EGSP and annual precipitation deserve more attention
in studying the effect of precipitation change on plant productivity in arid steppe. Our results highlight the impor-
tance of plant quantitative characteristics and functional traits in driving the responses of plant productivity to pre-
cipitation change in desert steppe ecosystems.

Key words: precipitation; above-ground biomass; functional traits; structural equation model



