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Modeling the effects of inter- and intra-annual variability in precipitation on the

species diversity and productivity of Artemisia ordosica community
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Abstract: Under the influence of global climate change, the precipitation pattern in arid and semi-arid desert areas of
northwest China has changed significantly, which was manifested by the increase of extreme precipitation and drought
events, and the impact on the structure and function of desert plant communities has aroused widespread concern. A typical
desert shrub community of Artemisia ordosica in the Maowusu Sandy Land was selected as the study site. Using artificial rain
shelters, a factorial fully randomised control experiment was conducted to manipulate both precipitation levels ( W-: 30%
reduction in rainfall, control group W ; natural rainfall, W+ 30% increase in rainfall) and rainfall intervals ( control group
T. 5-day rainfall interval, T+ +; 15-day rainfall interval ). The study aimed to monitor the species composition and
productivity of the Artemisia ordosica community under different precipitation treatments. The results of the two-factor

completely randomized controlled experiment to monitor the species composition and productivity of Artemisia ordosica
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community under each precipitation treatment showed that; (1) the prolongation of precipitation intervals significantly
increased the importance values of shrubs and weeds, and decreased the importance values of grasses, compared with the
control group with a 5-day precipitation interval. (2) An increase of precipitation increased the diversity of the plant
community of Artemisia ordosica compared to control natural precipitation. (3) Both increased precipitation or extended
precipitation intervals increased aboveground primary productivity of Artemisia ordosica. Longer precipitation intervals
increased the water content of the deep soil, which helped Artemisia ordosica to utilize the soil water and thus promoted its

productivity accumulation and enhanced its dominance in the community.

Key Words; Artemisia ordosica community ; species diversity; productivity; changes in precipitation patterns

TERBRAUEAI T ST, BRI 3 MU T BKOK 8 BR | 3 5 26 BE T 5 R F 1 5 Y Bl b DX R K
R Jrsz 2R BT ST R ST 30 4F Sk i [ T SRR T S M X R AN G A2 T SR AE A AR A RS R
A P A KR TR 43T Al 2 A 25 Ak o) 4 i R K R 52 TR 08 AR i B K A% SR Ak i TR SRR %
DX Sl e A A7 ) SR BRI PR DRI A K R e %) A %o 12 DX 3 A A 0 T 9 45 e 0 By R 1) 5% i 7 3104 411
K,

YRl ZREE AL P2 ) B A AU S RN T RE S 2 e 48 /R BB AR KN BB AR bR T ez b
IR B A T Z R, e AR BRRE K S AR R X HE S R 0 A Y R B E T 0 SCHRTE N 52 T T R i
TF R P R, A5 50 T Bl A 7 2 398 1 40 b 22 R RO 0 AR 95 2 7 0 B A B 25 5105 Liu 2538 33 Meta 43
BT, SEB A Fh 220 55 A 26 7 BB K S A Ak i [R] g R A IR R R, R BRI R T R K
FRELBERZ MR LA AN, 4F P9 [ K A0 43 B B 2 T IR Bl i s R 2548 127 41 R AR AR P 552 iy e o J b IX A 0 9 3%
B, S AR s T AT T DA SRR AR T Margalef =F & 45 %1 Simpson L3 & 45 501 Shannon-Wiener Z2F£ME 45 %L
(P<0.05) , B8 T e w JFA M R T AL 5 T4 v ARy it R K mT LA fRE f 5E V50 T R % 1 AR Ak ) R, O
R R A= T

BB B, 22 B 5% 35 T AT PRI /K 2728 A0 AT PR A 7K S 1] 40 i 28 A Xot A e R 7 A0 o S R i i e ) (B
FRTAE A S 2 A5 58 S i AR AT AT, ARBFREUCH  FEAR RN FK T 50, BEK 2 B A= 28 R 4058
HAT W22 5 0K AR AT A5 (A i R K R B i 24 7 T B 2 IR AR — 3™ T R4 s T 52
BAAR RTRE S IR A= 7= 1 I REAR RN R 2 RE R 3l 2R 20 R, 64 g /K 04 P g /K 3 T 0B A% S 1)
RE KA RS2 IR AR AR T, — 3 38 UV A AH SR B0 A BRI FR T 3

ABIFFE AR 5 6 5 R0 i A S R AR B SRV 85 (Artemisia ordosica ) HEFREVE N BFFER R il ad B B /NXR
JE RN TR AR A2 T S, 48 W 38 7K S RT3 K ) B s T 18 52 BLAE TG BRUD S A ) B 7 22 REVE RN ZE 72 D0 RS2 el
DURN FERE K AR A AR SC 58 B8, IS0 AR B 7K AZ A6 17522 T 52 1l X AR 25 28 50 it 742 R s P ot ] 2
Wt

1 #MRERE

11 BRI

AWFFEAE T E 0% H A XER B S RV A A R GEE GE AL IT sk il XA T 5 3R VD b i PG e A
% (E107°61',N37°79") , izt b T 5 X, BAT R REAE T AR, AFRIELEE Y 8.1°C  4FF- 4y
H BRINHECh 286730, AF XK 30 319mm,, HIESEMI DI + 08 3, RIS, LHEY M E 2 A R
U MR (Leymus secalinus) VYW ( Salix psammophila) | A5 ( Pennisetum centrasiaticum ) %
12 Bt

FERPERSE 00 T 2020—2022 4R AR K (5—9 ) #EAT, RIGARBRGET, i% 11X (1990—2019 4F) F-
R/ R 338mm , AF B (e B /K B O 449mm AR AR /K 50 212mm, AF 55 e K o AR (IR K it S 4R
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Rk R B 22 (50 B R 37% 1 34% , [Al ik 2 2% T Hofl b 75 B K 2 R 58 A B2, T DAAS 5256l SR 1 388 ik

30%, K, AEF-IFE KR X B (W) 3B IRIK 30% (W-) | FARFEIK (W) 37K 30% (W+) B4R R K

AL, AT B P RE KIS TR A, AR 58 X B K SRR I A T G, 2552 BROK IRIFR A 5d I

R K = A AR AR K, 20 5 B K 41 64.01% , R RRBHAE 15d DL_E 2y b7 B Bk 49 7.59% , A 5K

BSBEH Sd A RA K ] B s TRIAAEL SR BE K (T) , 15d UK B K [ BRHH ( T++) o BEF30 30 4FRFE/K 9 25715 43 e

tWJ XHAF KB VAT T8 H A0, AR K BRI R an g 1 BR8N T Bl R Kk, 742 18
BERE R K AR BRAEA T N TR K 45 K 525

®1 BkESHKEEEREZE

Table 1 Precipitation and precipitation interval settings

ATk bk W 7K il 01 P BREEK A Ak

l\i ft]\h Average monthly Precipitation Average precipitation per event/mm Monthly precipitayion
precipitation/mm interval W- W W+ frequency
5 33.09 T 3.86 5.52 7.17 6
T++ 11.58 16.53 21.51 2
6 41.08 T 4.79 6.85 8.90 6
T++ 14.38 20.54 26.70 2
7 72.39 T 8.45 12.07 15.68 6
T++ 25.34 36.20 47.05 2
8 63.51 T 7.41 10.59 13.76 6
T++ 22.23 31.76 41.28 2
9 52.71 T 6.15 8.79 11.42 6
T++ 18.45 26.36 34.26 2

T (K [B]FE 4 5d Precipitation interval 5 days ; T++: [ /K [E] FE 4] 4 15d Precipitation interval 15 days; W : H #k[%7K Natural precipitation ; W— [
K IH /L 30% Precipitation reduce by 30% ; W+ 7K 5311l 30% Precipitation increase by 30%

SR PSR R 22 SR B I T R B A/ DX R /K 4 il 0, 162 8 3 /1 A /K o efs 85 T 2 /1 o8 K i) ol A A
B AR W-T WT W+T W-T++ WT++ W+T++6 MEKA IR F52H Ab P52 3 AN, it 18 Mt/
X, BA/NXE A Smx5m BIRETT, BE 7 DU EIHE I 80em YR PVC BEAKM , BARARAS /N X 43K S22 Ja] g
RYA
1.3 Hiupi JH 2 FFE bR o
1.3.1 FEYEEHE SHY 2SO T

2022 4 8 H ), AHEGER FHH UBE TS IR A 775 RS SmxSm FEJT AR Bt | iR RN 55 B T
A, ST YRR R A R A 25 R AEXIUR T S R, AR .

HEXS 25 FE = FEAE ) A S8 BT A A A%< 100 (1)
FEXH 5 B = AN RE R 1 40 55 BE / BITAT AL A0 1443 56 5 22 FIx 100 (2)
FEXHB B = SEAS R FR A5 RE /4R R R MRE 22 FTx 100 (3)
Yy BB = (R 25+ RENT 56 B+ AR XA ) /3 (4)

AWFFT P Z2 REPE R I ZE SR FHT 12 0T o ZAREVESR AR, BRI Margalef 45 BEFE 4 (Ma ) , Pielou 2] 45
B(E) , Simpson L EFEE (D) F1 Shannon-Wiener 2 £ 438 50 ( H) SR & W) Fp 2060, &8 80158 A 5
LU

Margalef 35'%'&*5%&(]”(1) . Ma = (S - 1)/InN (5)

Pielou ¥4 SR () - - % (6)
N.(N.
Simpson LFEFEE(D) . D = 2 o NEN—I)) (7)
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Shannon-Wiener 54 (H) - H=- Z LIP;IHPL' (8)
p =l (9
iTN )

K, S ARET NIFREL, N AT TR A I RE, N SRRl BB, P, R AR 2 L
1.3.2 TR SR AR ST bn I 2
AR XA IR 2 A Wyt KR40 46 Th E 0—60em T2, A= KL P A ML T 7K, SO 56X 60em 18
FELL L AT HORE ) L 2022 4F 8 A, NEEAS LB /N X B HLEERE 3 A - HERBE A, AR SRAE S HL
0—10cm ,10—20cm . 20—30cm , 30—40cm , 40—50cm , 50—60cm - J2 () 4 3 | i i 4t 3 00 12+ 39 & K =
(SWC) . M 0—20cm + 2 4L, KTt 2mm B95 T, SR E A PR 2R S8,
1.3.3  Hb bBA Iy e
AR5 R FHAEBE IR 1220 2 SA Vb8 1A 7= 77 ( Aboveground net primary production, ANPP) . T8 H il 5 22
U Y BE (H) B KO R 58 BE (CW ) Rl e /Nl I 58 B2 (CW, ) Y THECRII & , i i+ 5 AR I MA SR BE (C©)
FRFL(V) 53050 K
C=mxCW./2xCW,/2 (10)
V=CxH (11)
FRAE X I O 25 28 <7 e Y B VD T S A KA ANPP = 193.433x V315 BA Vb3 i) ANPP (g/m?) 1%,
1.4 ¥kt
KA R T7 22081052, SPSS 26.0 A4 5Bt e 7K 25 [ K T B LA B W 5 2 8] 19 38 B A X R 0
TR R IR 22 BEE RS R , R /N B3 22 5996 (1LSD) A7 2 HE 8, ] Canoco 5.0 XiF R PE A =
J7- - N FE 1T RDA HEF , FIIH Origin 2022 3R {42514

2 ER5H5H

2.1 FEOKARBERT R VD E S LU S5 A4 Y 50

PRUNE R A Rl SO AR 2 B, IrA WK AR B 347 23 A i A A oAy SR U TS e A A
GEAE . WT W+T 36/ B 11 Bl W=T++3050 /N X B 7 F, B fe /D WT++ W+ T++i
B /NX I3 B 12 14 B WIFPECR 2 , iy nT L R KA ops 8 28 0 I A e, KA i £ [R]
CINCIEEIF IR N TE S AR/ eS8

AR BET SRy 4 ek e i fh, Ko Bl edns B aw [ k= A
(e 5 e A Al PRV 8 o (i IR 2 K Ak 2
FRSEME A T 3 K 1] B ST Ak BT e /i g o HL i 2
TELFAATG s FEAR R /K SR 75 058 T, AR K T Bl 400 2 R 8 K
RUEHEA,

HRRIIRERE D P IEAT 0 2E (I 1), FE R K — 5K
R B0~ Ik T B 0 7D 2 A 25 4 i 1 TE R M 24 e )
B, R 5 Y T B A B AR A R KR ] ) B A
15d BYTEELT 540 30% YRR K , —4F L REA M e 1

FE(H Important values

% EFI j(ﬁ. tl:ll I)[‘IL ) W-T W-T++ WT WT++ W+T W+T++
° o - . BEsKALBE Precipitation treatment
2.2 FEIKALPEXT PA YL E R WIS W R 2 A )
52 ) 1 BAEREUNAREHEYEEZETITL

Z: IEJ I;é'—% 7k ;F% EIT , {//I\j,%': Eifé» g ﬁ‘l’i 7/€ /_:E T I %ﬁ Fig.1 Changes in precipitation patterns on percentage plant
’ﬂ{, F%ﬂ( % E//I /EX UL (//[\ % ﬁ % Simpson { j[_j :%m E 4’5‘ ﬁ( importance values for different functional groups
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Shannon-Wiener ZFEPEFEEL  Pielou 34172 B §8 BUFAE 1 35 52 (P<0.05), 4 K B BE A A 15d B ,W- W,
W+ Simpson FLREEFEELRIN T W+<W<W—; RN [RIFE K Sd B, BEVMETEYE Margalef =F & FE 4844 Simpson
PR 5 %K Shannon-Wiener Z £ VEHE %L Pielou 5] BE A RUAE AN [R5 /K £ b T 34 00 B 252 ), & 7K Ji) Bl
HAPAE X} Simpson JLHEFE L  Shannon-Wiener ZFEEFE BUEAE .3 5200 ( P<0.05) , 4FF/K &R W-7KFHT
PRYLEREVE Shannon-Wiener ZAEPEFEERIN T T++<T; MRFEoKE N W-7K 0], SRV EFEE Simpson EH#JE TR
RPN T++>T, YFEKEIFR N 15d B, W- W W+ Shannon-Wiener Z SRR W-<W+<W
HI AT, S K S 30% , SRR BB 15d BF, A B T R VD E AE W e 7 DL 35 Pl i AR A 5 SRR 0
b 30% , KoK IR R 5d B A B T4 i SRV s AR AR TR W0 Rh 2R TS K TR] B DU RAIS T SRV AR )
TER YR Z e

F2 BAEREUNBIHEHEYMERMNEZENIIN
Table 2 Effects of changes in precipitation patterns on species composition and importance values of Artemisia ordosica community
UIneREem Yih 4 FEEL{H Important values
Functional groups Species W-T W-T++ WT WT++ W+T W+T++
A b
Shrub Artemisia ordosica

BT

Lespedeza bicolor
A

Cynanchum thesioides

ZAEERE (SR

Perennial grass Cleistogenes serotina
H
Pennisetum flaccidum
U
Leymus secalinus
TR
Setaria viridis
LER
Stipa capillata

ZARE IR Uupcia
Perennial forbs Aster hispidus

e

Glycyrrhiza uralensis
b=

Incarvillea sinensis

FORHRAR B

Astragalus melilotoides

EORT

Cynanchum hancockianum
BT P
Thermopsis lanceolata
EEY )
Oxytropis bicolor
A 93
Ixeris gracilis

—ARA R HIZE

Annuals Teloxys aristata
s
Corispermum hyssopifolium
KA
Oxybasis glauca

BAnLPIESOR, - Fon TR PR EE/ D T 1 B AR, W-T \WT W+T 052K R 5d MKt 30% oK ERG 5d 3 950
7K K IIRE Sd FEZKHEIN 30% ; W—T++ WT++ W+T++FRFEK IR 15d FEKIB> 30% FE/KIRIRE 15d [ ARREK (oK IETRE 15d Bk 88 m 309%

46.00 58.92 42.08 50.96 41.27 49.64

1.47 - - 4.8 1.51 3.6

1.33 - 1.16 - 1.24 3.42

8.93 - 6.81 6.86 3.17 6.98

2.96 18.65 17.43 6.53 5.29 -

22.64 1.83 10.7 5.22 29.95 8.51

4.38 - 8.4 1.91 5.94 1.33

- 1.94 - - - -

7.57 13.55 7.03 11.31 7.64 10.84

- - 2.52 3.69 - -

- - 1.16 - 1.27 -

1.48 2.09 - 1.77 - 1.89

- - - 2.99 - 2.92

- 3.02 1.54 - 1.33

- - 1.68 1.47 2.63

3.24 - 1.17 - 1.24 3.91

- - - - - 1.29

- - - - - 1.71
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AR R K AL H A B VD ANPP HA B2 25 (K 2) , LiekHKEIFE R 5d 5% 15d, 2B vb

HW-<W<W+, FEKEFEIIGER ST ANPP Y52 M 78 R 7K i 20 B SE 56 /N XA i M 22 57 (P<0.05) |, 24 [%

=24
7
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KA W=7KF- IR KT8] B8 9 SiE 4 25 30 1 PRD S ANPP | 7RI S0 A 552 96 /08 DX e /KT8] B S0 0 ANPP
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Fig.2 Effects of changing precipitation patterns on community diversity of Artemisia ordosica ( mean + standard error)

FTR A R T AN RIS 5 FE2m 3 ANk bk Ak B2 8] 22 5 2 35 (P<0.05 ) s M RI K Ak R [Al/NE - H: 2R 2 ANFok ] BB Ak 2 2 ]

£ BB (P<0.05) , T FKEIFEHR 5 d; T++BEK BRI 15 d; W H SREFEIK  W-FEK B0 30% ; W+ K R38N 30%

2.3 HHOKIRIROLS B Y RP 2 REPERIA = TG R
WEE +JEUREE RGN, IS KR N A 3, 40—60em TR JZ T HEM &K F i (£ 3) . MoK

®3 BABBEUNBDEREARLETESKENZME

Table 3 Effects of changes in precipitation patterns on soil water content in different soil horizons of the Artemisia ordosica community

Rk Ak 2R +J2 Soil layer/cm

Precipitation

treatment 0—10 10—20 20—30 30—40 40—50 50—60

W-T 0.016+0.005Ca 0.019+0.002BCa  0.021£0.002ABCa  0.027+0.001ABa 0.029+0.001Ab 0.027+0.002ABc
W-T++ 0.014+0.002Ca 0.022+0.006BCa  0.028+0.008ABCa  0.035+0.006ABCa  0.044+0.008ABab  0.052+0.004Aa
WT 0.022+0.007Aa 0.026+0.005Aa 0.029+0.005Aa 0.032+0.001Aa 0.034+0.002Aab  0.032+0.004Abc
WT++ 0.015+0.001Ca 0.023+0.004BCa  0.026+0.004BCa 0.039+0.002ABa 0.048+0.003Aab  0.045+0.005Aab
W+T 0.021+0.006Ca 0.025+0.004BCa  0.025+0.003BCa 0.031£0.003ABCa  0.039+0.003Aab  0.036+0.003ABbc
W+T++ 0.015+0.001Ba 0.025+0.007ABa  0.033+0.012ABa 0.042£0.0105ABa 0.055+0.015Aa 0.053+0.006Aa

PRSP BB AR R 2 (n=3) F ; AT AR S FRER R FE R — R KSR b 38 T A 22 W22 5 (P<0.05) s [RFIAS [ /)
AR [ — T B R FIRE KA R SR LA B 25 5 (P<0.05) |, T BE/K BRI A 5d s T++RE/K IR 9 15d, W A SRFEAK ; W—FE/K b
30% ; W+ 7K f 380 30%
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MoK FIRRAE K. 5 SR R R 25 0 BLR IR K B A B3 BEAERTAXMNBDESH FE~HHNEIN

Yj_:‘ ':P ESiitle] A RS0 K#%%E ﬁ%&ﬂ’f} i f)ﬁl““: o %{ﬁﬁi?& Fig.3 Anatomical images of the stem of Artemisia ordosica with

ZR G0N B AR AR R K AR A2 i 25 o AR BA Y E EYA different precipitation treatments
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Fig.4 RDA analysis of soil factors and plant community diversity under changing precipitation patterns
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HENREIK 30% JEAREIK EIFR A 15d B R ECEO BRAEIEIN 1 3 il ASF 58 I i 2 i T B /K a3 I fn
R AR rh A IO A A BRI R /K B3 K AU AR BE T RE 7K AB 39N T 40em DL R IR JZ HIERY S KB, X %
KA A B FHE N 40em DLUF H3)Z K 4 A R0ME , 2 40—60em TR BE 43 A TR AR BE ARAE P i A K AR 4L T R
USROS C SRS T 7 v T V= 8 2 e | DR 1 [ [ 1 SR e L D) O N 177 G i 1 8
[F1] i Ak B 49y o B B K B F A, T A A T 4 P R 7K A 4 B Xt JHE I 0 o 4 B 4 R i

Bfi [ 7K 1 A B8 I, B VD ES YR A Margalef 326 FE 48 % Shannon-Wiener ZFEVEFE %L Pielou $45) B 843y
SRS T Simpson L EHEECAN BRI A . R R oK i B3 a] LAh — 44 FACHE
PR A AR B A A A A IR TR HEAE 7 rh b~ BE RN, i 45 R AE RDA J3 A 25 2R rh s vl LLAS:
FIFUE(E 4) o SR, FEAHE Y 3G 22 5 AR G235 A BRI 25 ) B8, 6 BA IV v 1 S b s (I 34 B2 IR
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