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biomass of dominant plants in desert steppe is of great significance for revealing the response characteristics and adaptation
laws of desert steppe vegetation to global change. In order to analyze whether different number of resource addition will affect
plant functional traits and aboveground biomass, gradients of resource addition number were set (0 ( control ( Cont,natural
precipitation) ) ; 1 (nitrogen (N) addition, phosphorus (P ) addition, potassium (K) addition, + 50% precipitation ) ; 2
(PK addition, NP addition, NK addition, N+50% precipitation) ; 3 ( NPK addition) ; 4 (NPK+50% precipitation) ) to
study the impact of the number of multiple resource addition on the leaf traits and biomass of the dominant plants Allium
polyrhizum and Stipa glareosa in the desert steppe, providing a theoretical basis for desert steppe plants to respond to
multiple global change factors. The research results are as follows: (1) There are significant differences in the responses of
leaf dry matter content (LDMC) and leaf nitrogen content ( LNC) of Allium polyrhizum and Stipa glareosa to the number of
multiple resource addition; with the increase in the number of multiple resource addition,the LDMC of Allium polyrhizum
and Stipa glareosa decreased significantly ( P<0.05), but plant height and specific leaf area ( SLA) did not change
significantly (P >0.05). In addition, the fresh leaf weight and leaf nitrogen content of Allium polyrhizum increased
significantly with the increase in the number of multiple resource addition ( P<0.05). The fresh leaf weight, plant height and
specific leaf area reached the highest when four resource elements were added ,while LDMC was the lowest. (2) The number
of multiple resource addition had no significant impact on the aboveground biomass of the two dominant plants ( P>0.05).
(3) The aboveground biomass of the two dominant species was significantly positively correlated with plant height and plant
density (P<0.05); and had no correlation with SLA, LDMC and LNC (P>0.05). (4) The structural equation model
showed that the number of multiple resource addition indirectly increased the aboveground biomass by increasing the plant
density , specific leaf area and leaf nitrogen content of Allium polyrhizum and Stipa glareosa. In conclusion, compared with
single resource addition, multiple resource addition will have a complex impact on the functional traits and biomass of
dominant plants in the desert steppe; under the background of multiple resource changes,functional traits serve as effective
indicators for predicting aboveground biomass. This research is essential for managing desert steppe vegetation in the context

of ongoing global change.

Key Words: multi-resource addition; specific leaf area; leaf dry matter content; desert steppe
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Table 1 Analysis of variance on the effects of multiple resource additions on leaf morphological traits of two dominant plants

- PR Traits

Species - fif i T JERE B TR WM TR ARSI R AE R
FW DW LT Height Density SLA LDMC LCC LNC

Bl Allium polyrhizum 2.12* 1.20 0.87 2.15 1.05 1.54 270" 0.51 437"

VPHEFE Stipa glareosa 0.47 1.61 1.17 1.47 1.38 2.94° 8.32 " 0.27 7.43 %%

"R 0.05 < P<0.1, * IR P<0.05, % /N P<0.01, %% F/R P<0.001; FW . - 5 Fresh weight; DW ; 5 Dry weight; LT /& Leaf
thickness Height;*ﬁ% = )& Plant height;Density;*ﬁHﬁ’{ﬁ:E Plant density; SLA: Lt - T AR Specific leaf area; LDMC. 4 i & & Leaf dry matter

content; LCC ; I} F B & & Leaf carbon concentration ; LNC ; ' F & & & Leaf nitrogen concentration
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Fig.4 Correlation between aboveground biomass and plant height and density of dominant species under multiple resource addition

i A RAME SRR

ERFEIR ARSI . BT IXBUE A1 95% {5 X0

I

R*=0.07 !
P |

ook !
|

1

0.23*

Chi-square = 2.64, df =3, P = 0.45, RMSEA = 0, NFI=0.95

Chi-square = 1.21, df =3, P=0.75, RMSEA =0, NFI =0.97

Es5 ARt EEMESSFRRMEKZE EHEAR M ERENMEXEEREENEHRHEER

Fig.5 Structural equation model of all interaction pathways between aboveground biomass and multiple resource addition, plant density,

specific leaf area and leaf nitrogen content of different species

SERY DT RERE U I BRSO AR o AR AR IR RE (W AR AT T ) MR R D7 22 AR A, s A T AL 1 0 1% bR AE e RO S A 45 2R 5

nLo
)

=1
55

BRGNS

, o il FORIEARAEGTTT L B2 /KSF-43 900 0.05<P< 0.1, P< 0.05,P<0.01 il P<0.001

M 107 P S BRI R REAIE 1 S AR S SR R L SRR N R A A KRR 2 3

ZRNIREE I T (S0, AR B R E (428 At 2 52 i O PR SR AR AL 938 102 RE A — 2, PR, 7R ST 2 3¢
DR IR REL) (SN P, 75 22 4 i 25 S A% PRI TR 7 B B B R AIE A 25 5520

http ; //www.ecologica.cn



2818 xR 45 4

SLA S s AEY/K 53 R AR — A EEAE bR, B R TAEY OG5 3 37 53 R Rk A AL 9
AR, SLA WD, BEURE AP OGRE AL BETS DL o 2 P2 7t ARG A RACR AR 5 B TR A KR ALK
W RS A A A FAA B SLA (B, 38R R X RS BT R AR SR 3 1Y T 5 MR, R SLA
0 O R0 A 5 e 80 B FR AR K D) SR AR 9T e A R L S RE 1 STLA. X 22 0 R R A e
A RN, 3K — 255 5 SR K R IR N 2542 = i R 16 SLA 840 A KA AF 0 3k n] e i 2 A0

AL IR 25 5% 40 B0 R 32 3] 1 it A 2 R - 3K 2 B BRI 1O S PO S R S B SRR ) SLA 7R A B Y
Wi, A BIFFE R it ] RIS BB IS 2 355 00 i RCHE S i T AEITEDGREA ] B RSE g On S dkmi e it 7Ot A
VEFHRCR T P SLA i, HT e85 iR AR g s ' B, M 5 R AR T4 2
WAL, LB 22 B8 U5 S N BB 75 A A5 G2 ik B UEAR AR i TR SRR A I 294 . LDMC A Rl 0 v 25
P SRR BE AR AR, X T VPRS0 B VR AR B X OB e v B BB TR i U AR gR A R R
Wit 2 220 RS IS0 386 Jon 5 1 R DX A Al RTvD A £ SE 1 LDMC 23 b 3 IR, X 5 R AR S R Lk
LDMC 727K 53 FNE B N 28 AL BE R A7 i 252 M (R 25 SR A0 — 3, AT BF9TdR b R 32 R U5 I i Al 40 mT g
T TR PR3 728 Ay 2 B0 5 o )3 P B A s i o B2 1 3 b 17 T e 2 (A ) 8 15 3k T HORS Ah 3
GO, T BRI X PR A AL ASE R RE 7 AR R SRR ML T R R S R G O BT AR, T
H L H A RIS Fh WAk (Allium polyrhizum ) FIVSH: %125 ( Stipa glareosa) LR , — & B IA] 244 HAR
FEH , 2053 JE i S )R 5 08 | B HE B i DX« i SRR R AR 5 &, Hot R R R N B TE S 5 RV
R EE AT A GRAE , AR u 2 RAERHE SRR i daid . Pk, fkdE Fvb A 550X 20
PSS ISR 1 o by AN — 2,

BAE AP A B2 Y3 AR (AGB) 58 BEZ TR AE 8 IEAHOG R AR (P<0.05, 18] 5) , X — A& L5 Je iy
Y 7 58 T A 40 1 K 2 e B R A VTR R AR AT SR T A R 2 B A 5K 5 R (SEM) Hh R A A
) (e BEAE A A8 6 P RS DR S AE4) v 5 ME R 288 2 ) A A e DGR | S 38 B ) 0 37 280 A A AR v A
AN 22 UR TS IS 38 o A ) ) R PR v 552 e ) 422 8O3 il A VD AR 41 2F 1 AGB ., RT UL Z BE R TR
B A B AV AR £ SE B R RS LDMC AR B RS 5 R AR RV A B AR R R oy
A % B UL MU AGB,

5 #ig

22 BRI IS ] DA 35 SO S R S A I AR DA B8 I SR L DU AR BT A5 S T A )
TR RIAAF A SRR AR S R G, B A 25 i 2SR 22 US54 ) 17 47
TEW 28 59, A TS SO T AL 1 1B SRR AR 1 i o S A RV AR B 501X 2 LA 22 95 IR i
IR 75 0 07 SRS, 3 ek A [ ) A 2 7 S L R X R PR A2 A Tt SR i B, 22 RS
B B e 1 AR AR Y R o B O PR PR AR BRI TR 5 e 2 e, Y AR P R
A A AR R (RN AR L ARSR ISR I i — A5 R T 22 B VR VAN I 0 X 3 Y i ) A A A K
AR SZMEIAILAR] , 30 T 00 R ofe B A T 12 DX S e LR D RE B 2808

5% 3L HR ( References)

(0] SRR AT, BIRAR. gl TR Sre B m J A 38 RGUK Pl i 378, R AE 5254k ,2010,21(3) « 597-603.

(2] W, 5000, 7 20 AT, SR EE, Ae/INEE . 7R AT SR A3 U IR PN 552 1ty 37 B8 R v A 2 A K 5 A JLRR M S R S0 1 52
TRIXBISE,2021,38(2) ; 487-493.

[ 3] HanJJ,ChenJ Q,XiaJY,Li L H. Grazing and watering alter plant phenological processes in a desert steppe community. Plant Ecology,2015,216
(4): 599-613.

[4] B#iE, SR E, £, 00K, £8, RI5F iSOR. FEBR s T a8 )L ( Caragana intermedia ) 56 J2 25 155 W 19 % A2 5 43 A FRAE. + 52X A
7%,2019,36(1) ; 131-138.

http ; //www.ecologica.cn



6 1 FRIET A A S e B SR SR ) I 25 MR -5 3 A 6 ) 22 B DI ] 14 o 37 2819

[ 5] T2 BRE0S VRIRAE, B IE. SEE S B s i i e Mok 56 R B & Uil 0. A AR A%, 2014,38( 10) : 1029- 1040.

[ 6] ZE& BT SR B R AR Y T PR B AR DGR B 2. AR S 2%41R ,2012,23(11) : 2991-2996.

[ 7] BEate NSNSl A DU AR A (AR R A BRSSO R AR ST I HEWEE [ D] RPAIIERE . NS Rl K2, 2012.

[ 8] KMk, % RAE XBIEL, A= SCAE. X RaAL LE T AR T4 o 2%t B S 2 v B 1 Tl B AR LR JUmtpfoll R 272741 ,2008,30 (1) « 40-44.

[ 9] Cormelissen J H C,Lavorel S, Garnier E, Diaz S, Buchmann N, Gurvich D E, Reich P B, ter Steege H, Morgan H D, van der Heijden M G A , Pausas J
G, Poorter H. A handbook of protocols for standardised and easy measurement of plant functional traits worldwide. Australian Journal of Botany,
2003,51(4) : 335.

[10]  SRHOR, AA/NE 5V B AT, B 8. NS TR 5D A 15 (Stipa glareosa) JB8AE (Allium polyrhizum ) Fili 5 3% ( Peganum
harmala) MBS PR LK ZRE A RN, F PR, 2021,41(1) ¢ 137-144.

[11] DeMalach N,Zaady E,Kadmon R. Light asymmetry explains the effect of nutrient enrichment on grassland diversity. Ecology Letters,2017,20(1) :
60-69.

[12] Sardans J,Peiiuelas J. Potassium: a neglected nutrient in global change. Global Ecology and Biogeography,2015,24(3) ; 261-275.

[13] DeMalach N,Zaady E,Kadmon R. Contrasting effects of water and nutrient additions on grassland communities: a global meta-analysis. Global
Ecology and Biogeography,2017,26(8) : 983-992.

[14] Eskelinen A,Gravuer K,Harpole W S, Harrison S, Virtanen R, Hautier Y. Resource-enhancing global changes drive a whole-ecosystem shift to faster
cycling but decrease diversity. Ecology,2020,101(12) ; e03178.

[15] Biederman L,Mortensen B, Fay P, Hagenah N, Knops J,La Pierre K, Laungani R, Lind E, McCulley R, Power S, Seabloom E, Tognetti P. Nutrient
addition shifts plant community composition towards earlier flowering species in some prairie ecoregions in the U.S. Central Plains. PLoS One,2017,
12(5) : e0178440.

[16] FLEER. KRN LLSAL Y D RERE 25 BRoxd 4 5ty M AU B JEAR R A5 H g8 n 2 ma[ D] Abst . H ERMFA BEaF 58 AR B, 2009.

[17] Guo X X,Zuo X A,Yue P,Li X Y,Hu Y,Chen M, Yu Q. Direct and indirect effects of precipitation change and nutrients addition on desert steppe
productivity in Inner Mongolia, Northern China. Plant and Soil,2022,471(1) : 527-540.

[18] Song Z B,Hautier Y, Wang C. Grassland stability decreases with increasing number of global change factors: a meta-analysis. Science of the Total
Environment,2023,898 . 165651.

[19] Guo X X,Zuo X A, Medina-Rolddn E,Guo A X, Yue P,Zhao X Y,Qiao J J,Li X Y,Chen M,Wei C Z,Yang T,Ke Y G, Yu Q. Effects of multi-
resource addition on grassland plant productivity and biodiversity along a resource gradient. Science of the Total Environment, 2023, 857 ( Pt
1) 159367.

[20] EAR,B%5 TR, m5 =, ik, A, SR, BRI R ME. Shrws s 5/ T3¢ (Stipa klemenzii ) 9% T A0 & 22 4E M KAl B 53
AFHFAE. R THE 2016,36(6) ; 1564-1570.

(217 SKEE W25 20 /NG BT, i, S0 0] BB BRAA TS , X S S BERE Vb A2 528 ( Stipa glareosa ) i v #) F 2 RE VR FN I 28 W) &k
X P AR, 75, 2019,39(2) ¢ 45-52.

[22] ki, OB FRAED S RE MRS SR L i 7. B J7 4l ,2019,13( 14) ; 150-151.

[23] XUBEAH, B MEYDIRe R oT s . PR Aanfle,2015,45(4) ¢ 325-339.

[24] Mood, ol SO, XVE DT80, Bl IRHEIGE, 8038, 0, A5, FIRIE MR 2 m . BT 22 RV AN AR 35 R G AU HR R
R AL LR N B L. A A SR, 2023 ,47 (1)« 1-24.

[25] HeN P,Liu C C,Piao S L,Sack L,Xu L,Luo Y Q,He ] S,Han X G,Zhou G S,Zhou X H,Lin Y, Yu Q,Liu S R,Sun W,Niu S L,Li S G, Zhang J
H,Yu G R. Ecosystem traits linking functional traits to macroecology. Trends in Ecology & Evolution,2019,34(3) ; 200-210.

[26] RE¥% Jpdtsl B4t BE K. R 2WEATRR AR MORAE Y I T REMEIR B HAHEL DG R BT S TR AR 2441, 2022,28 (1) + 152-159.

[27] Zirbel C R, Bassett T, Grman E, Brudvig L. A. Plant functional traits and environmental conditions shape community assembly and ecosystem
functioning during restoration. Journal of Applied Ecology,2017,54(4) ; 1070-1079.

[28] FuP L,Zhu S D,Zhang J L, Finnegan P M, Jiang Y J,Lin H,Fan Z X,Cao K F. The contrasting leaf functional traits between a Karst forest and a
nearby non-Karst forest in south-west China. Functional Plant Biology,2019,46(10) . 907-915.

[29] Scoffoni C,Rawls M,McKown A, Cochard H,Sack L. Decline of leaf hydraulic conductance with dehydration: relationship to leaf size and venation
architecture. Plant Physiology,2011,156(2) ; 832-843.

[30] X%, ailnt Xde D fe, MR, s, W LR R, SO WIAZAARIMRIR AL BEXT /N I b e Sk 3RO RR RS2 . v [ A
Rk 2018,51(23) ¢ 4434-4448.

[31] Lavorel S,Garnier E. Predicting changes in community composition and ecosystem functioning from plant traits: revisiting the holy grail. Functional
Ecology,2002,16(5) : 545-556.

[32] Funk JL,Larson J E,Ames G M, Butterfield,B J, Cavender - Bares J,Firn J,Laughlin D C,SuttonGrier A E, Williams L, Wright J. Revisiting the

http ; //www.ecologica.cn



2820 JAE = 45 4

[33]
[34]

[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]
[46]

H oly G rail; using plant functional traits to understand ecological processes. Biological Reviews,2017,92(2) ; 1156-1173.
PEAR , SR, H A JIPGIR RV AL RR B Al Y D RE MR R IR Sl B 7. YA 2441, 2017,37(5) « 965-973.

akah, AN BB R ETT, A, B R A X RE AT 4. BRI U Hb B AT A B 7 T RE R 3t 5 RO e . Rl TR
2247 ,2017,33(24) ; 261-268.

] M T e he BT JRBE B A V. 7 B R RO SR ) T e MR R e . o R A gy P R 2R S AR SR L
#.2018.

Dl

Lambers H,Poorter H. Inherent variation in growth rate between higher plants: a search for physiological causes and ecological consequences//
Advances in Ecological Research. Amsterdam: Elsevier,1992: 187-261.

Wilson P J, Thompson K,Hodgson J G. Specific leaf area and leaf dry matter content as alternative predictors of plant strategies. New Phytologist,
1999,143(1) ; 155-162.

Zhang D Y,Peng Y F,Li F,Yang G B, Wang J,Yu J C,Zhou G Y, Yang Y H. Trait identity and functional diversity co-drive response of ecosystem
productivity to nitrogen enrichment. Journal of Ecology,2019,107(5) : 2402-2414.

BAER R SRAR, WA DR 4E. PSR B ST 3 D RE MR T IR B BE A2 1. AR A 355741, 2012,36(2) : 136-143.

TR SR E R GERE A L LSRR A L BRI BFE [ D], RJEL: HPERe% 2016,

AL, R, BN, R R U BE AN L T B A B RUK B B AR L. A A A A4, 2009,33(3) ¢ 442-448.

TR, PRAE RSCHR SRR B 2. T R i R TR DAL R X R BRSNS L. b RUR 224 FARBMEAAR, 2017,53(3)
535-544.

R A, IR R AR AR S B O BRI T B R L. AR AR, 2005,25(2) ¢ 304-311.

HORAS W8 LI, TIN5 BEBEAN ) e A A D RRUR X AR K R A A . B0l 241, 2016,25(12) : 150- 160.

Giisewell S. Responses of wetland graminoids to the relative supply of nitrogen and phosphorus. Plant Ecology,2005,176(1) ; 35-55.

Giese M,Brueck H,Gao Y Z,Lin S, Steffens M, Kégel-Knabner I, Glindemann T, Susenbeth A, Taube F,Butterbach-Bahl K,Zheng X H, Hoffmann
C,Bai Y F, Han X G. N balance and cycling of Inner Mongolia typical steppe: a comprehensive case study of grazing effects. Ecological

Monographs,2013,83(2) : 195-219.

http ; //www.ecologica.cn



