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Abstract

Aims Our objective was to better understand the response of plant functional traits of Salsola nitraria to envi-
ronmental change, such as global climate change and nutrient addition, in desert grassland.

Methods We conducted field experiments of moisture and nutrient additions for three years (2009-2011) in a
desert grassland of northwest Xinjiang in China. We investigated plant functional traits of S. nitraria and in the
fourth year (2012) measured plant height, stem fresh mass, stem dry mass, leaf fresh mass, leaf dry mass, etc. un-
der different treatments of nutrient and water additions.

Important findings The combination of fertilizer and moisture had a significant influence on stem fresh mass,
leaf fresh mass, leaf area, specific leaf area, leaf saturated water content, and leaf dry matter content (two-way
ANOVA, p < 0.05), while the effect of either fertilizer or moisture alone was not significant. None of the treat-
ment effects on plant height were significant. The maximum values of plant height, stem fresh weight, stem dry
weight, leaf saturated fresh weight, leaf dry weight, leaf area, and specific leaf area appeared in the snow and fer-
tilizer additions (N;W,), and the second highest was in the control (NoW,). Maximum leaf saturated water content
was observed in the control (N,W,), and the second highest appeared in the snow and fertilizer additions (N,;W,).
The fertilizer addition (N;W,) could significantly decrease the level of leaf saturated water content. In all of the
treatments, leaf dry matter content was higher than that under the control, and among them, the rain addition
(NoW,) significantly increased leaf dry matter content. In the control, there were many significant negative corre-
lations between leaf dry matter content and other functional traits and many significant positive correlations be-
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tween different functional traits. After the fertilizer and/or moisture addition, the correlation coefficient was re-
duced. In desert grassland of the Junggar Basin, the different performance of S. nitraria under different treatments
was the result of plant adaptations to environmental changes.

Key words desert grassland, nitrogen addition, plant functional trait, water addition
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Fig. 1 The primary and secondary treatments of experimental schemes with the design of completely randomized blocks. A, B, C, D
represent the treatment of control, reservation, water addition, and snow addition for each sample plot, respectively.
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Table 1 The specific experimental treatment in the CK (W)
(A zone), water addition in summer (W;) (C zone), and snow
addition in winter (W) (D zone)

FEHign s X AbeE X AbBE X Rb B
Plot No. Zone Treatment Zone Treatment Zone Treatment

1 A NoWo C NoW; D NoW,
2 A N: W, C N:W; D N:W,
3 A N1Wo C N, W, D N;W,
4 A NoWo C NoW; D NoW,
5 A NoWo C NoW; D NoW,
6 A N: W, c N:W; D N:W,
7 A N: W, C N:W; D N:W,
8 A NoWo C NoW; D NoW,
9 A NoWo C NoW; D NoW,
10 A N:Wo C N;W; D N:W,
11 A N:Wo C N;W; D N:W,
12 A NoWo c NoW; D NoW,
13 A NoWo C NoW; D NoW,
14 A N:W, C N:W; D N:W,
15 A N1Wo C N, W, D N;W,
16 A NoWo C NoW; D NoW,
17 A NoWo C NoW; D NoW,
18 A N:W, c NoW; D N:W,
19 A N: W, C N:W; D N:W,
20 A NoWo C NoW; D NoW,

No, XFHE; Ny, &N,
No, CK; Ny, nitrogen addition.
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Table 2 Results of two-way ANOVA of effects of N fertilizer and water additions on plant functional traits of Salsola nitraria

K4 Water

7553 Fertilizer IKIyxF54) Water x fertilizer

¥E® Plant height (cm)

H I Number of vegetative branch

Z2fef i Stem fresh mass (g)

ZEF R Stem dry mass (g)

AN i f Leaf saturated fresh mass (g)

5 Leaf dry mass (g)

AR Leaf area (cm?)

L Specific leaf area (cm?®.g™)

A& /K Leaf saturated water content (%)

- TH & Leaf dry matter content (mg-g™)

T M T M T M T M T T T T M T M T T T M

1.19 0.85 1.91
0.46 0.45 0.16
0.33 0.28 1.33
0.75 0.65 0.27
0.61 0.58 422
0.62 0.53 0.02"
0.83 0.27 1.76
0.55 0.65 0.18
0.37 0.00 5.83
0.73 0.97 0.00™
1.23 0.10 2.66
0.45 0.78 0.08
0.45 0.08 5.34
0.69 0.81 0.01"
0.33 0.10 4.99
0.75 0.78 0.01"
0.23 0.04 414
0.81 0.86 0.02"
0.02 0.01 3.95
0.98 0.93 0.02"

* p<0.05; ** p<0.01.
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Fig. 2 Plant height(A), stem fresh mass (B), stem dry mass (C), leaf saturated fresh mass (D), leaf dry mass (E), leaf area (LA) (F),
special leaf area (SLA) (G), leaf dry matter per area (LMA) (H), leaf saturated water content (LWC) (1) and leaf dry matter content
(LDMC) (J) under different treatments of fertilizer and water additions. (mean + SD). NoWj, NoW1, NgW,, N;W;, N;W, represent the
control, water addition, snow addition, nitrogen and water additions, nitrogen and snow additions, respectively.

LDMCZ [H S AH G 34138 235 (p < 0.05) Al k2% (p
< 0.01)7K*F; LDMC5 FoAth 36 73 Th gtk 2 7]
BRI R, LA MRS R, T iEs
AR R 2 IEAHOCOC R (p < 0.01).
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Table 3 Correlationship among plant functional traits of Salsola nitraria

PR EIRRCE MR ZEEER AR AT el R RR T
Plant  Number of Plantfresh  Stem Stemdry {5 Jii e Leaf ki S E
height  vegetative mass fresh weight Leaf Leafdry area Leaf Leafdry
branch weight saturated weight saturated matter
fresh water  content
weight content
FHEBCK (NoWo)
HEFERE Number of vegetative branch -0.225
KI5 Plant fresh mass 0.852”  0.057
ZEEi R Stem fresh mass 0.675" 0.142  0.908"
255t Stem dry mass 0.8357 -0.021 0.868"  0.836"
-4 A T i Leaf saturated fresh mass 0891 0525 09757 08347 0852”7
Mt Leaf dry mass 0.946™  0.624 0926  0.874° 09127 0.966"
HHIBL Leaf area 0.845™  0.147 0985~ 0881 0850 0988" 0930"
M-I FN45 7K & Leaf saturated water content 0.071 0.552 0.580 0.633 0.289 0.468 0.257  0.587
T4 0% Leaf dry matter content 0.258 -0.326 -0.156 -0240 -0.111 -0.068 0.152 -0.160 -0.993"
ELMH- i Specific leaf area 0.759" 0.740 0.980"  0974” 0831" 09557 0854 09817 0.668 -0.335
MR Water addition (NoW,)
HEFERE Number of vegetative branch 0.703"
M4 i Plant fresh mass 0.333 0.492
2555 Stem fresh mass 0.336 0.602°  0.759™
2575t Stem dry mass 0.309 0.617°  0.505 0.753"™
LRI i Leaf saturated fresh mass 0.268 0433 09607  0.592" 0436
M5tk Leaf dry mass 0.219 0.407 0855~ 0524 0557 0905
HHiBL Leaf area 0.389 0.473 0.945™ 0683 0580 0956 0.860"
-4 7K i Leaf saturated water content 0.021 0017 0222 0094 -0329 0208 -0.203 0.152
T4 5 i Leaf dry matter content -0.062 -0.108 -0313  -0.166 0246 -0314 0113 -0285 -0.957"
ELMH- i Specific leaf area 0.207 0.227 0.631" 0.395 0099  0.641" 0300 0624° 0.8337 -0.827"
ERIN Snow addition (NoW5)
B IH$ Number of vegetative branch -0.341
M4 i Plant fresh mass 0.318 0.400
250 Fi Stem fresh mass 0.330 0.406 0.597"
Z5FfifE Stem dry mass 0.301 0.347 0.316 0.724™
R i Leaf saturated fresh mass 0.257 0353 07997 0407 0377
5 Leaf dry mass 0.436 0.103 0.701" 0.383 0489  0.866
MR Leaf area 0.433 0.311 0.831" 0565 0394 0901”7 0.852"
-4 7K i Leaf saturated water content —0.242 0473  0.424 0.87 -0.065 0533 0047 0.358
45 & & Leaf dry matter content 0.187 -0.373 -0.426 0121 0106 -0546 -0.076 -0.361 -0.974"
Lt THiFR Specific leaf area 0.296 0433 0825”7 0559 0292 08917 0652° 0919”7 0685 -0.671"
Ni&Am N addition (N;Wo)
B IH$ Number of vegetative branch 0.182
Fi4EE ikt Plant fresh mass 0.705" 0.486
2L Stem fresh mass 0.001 0.439 0.288
22 i Stem dry mass -0.001 0.370 0.224 0.976™
- EE R B Leaf saturated fresh mass 0.647" 0440 0946 0346  0.267
5 Leaf dry mass 0.596" 0.186 0.583" 0218 0207 07197
HfiAR Leaf area 0.705" 0.360 0.943™ 0033 -0027 0899 0548
RN 7K & Leaf saturated water content 0.062 0.416 0.529 0.303 0.236 0416 -0.288  0.476
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3 (%) Table 3 (continued)
PR EFEECE WWEEpUR TR TR A T iR R T
Plant  Number of Plantfresh ~ Stem  Stemdry fif & pigey Leaf S/kE JISE
height  vegetative mass fresh weight Leaf Leafdry area Leaf Leafdry
branch weight saturated weight saturated matter
fresh water  content
weight content
H-T4)5 & Leaf dry matter content 0153 0361  -0.505 0298  -0.259 -0.408  0.295 -0.476 —0.949
e A Specific leaf area 0556  0.381 0.916™ 0016  -0.059 0.831" 0329 0.949” 0.680" -0.638"
N. MiR#An N and water addition (N;W;)
EFEFH Number of vegetative branch -0.210
it 5o & Plant fresh mass 0.030  0.618"
258 JFi i Stem fresh mass 0.050  0.493 0.878"
25Tk Stem dry mass 0.154  0.302 0.758™ 0.933"
YRR i i Leaf saturated fresh mass 0203  0.567 0.950" 0.780" 0.711"
Tt Leaf dry mass 0.060  0.344 0.801" 0.736" 0795 0.838™
MR Leaf area 0.257  0.452 0.883" 0.800” 0.795" 0954™ 0.880"
LRI 7K i Leaf saturated water content -0.456  0.026 0.342 0459 038 0140 0102 0.121
4575 4 Leaf dry matter content 0473 -0.084  -0.454 0511 -0469 0279 0272 0254 -0.939”
Lt TR Specific leaf area 0.001  0.369 0.897" 0.900" 0.857" 0.831" 0850 0.867" 0504 -0576"
N+ FiRAm N and snow addition (N;W>)
H IR Number of vegetative branch -0.729™
FEE T Plant fresh mass 0374  0.024
2Kff i Stem fresh mass 0.295 -0.044 0.816~
X i Stem dry mass 0.301 -0.073 0.423 0.796"
R i Leaf saturated fresh mass 0368  0.154 0.874™ 0483  0.109
Mt Leaf dry mass 0215  0.402 0.706" 0325 0062  0.888"
MR Leaf area 0.369  0.033 0.973" 0.707° 0283 0905 07617
LRI KR Leaf saturated water content 0.142 -0.028 0.724" 0.734" 0336 0499 0223 0.683"
YR & R Leaf dry matter content -0.117  0.061  -0.643" -0598" -0.176 -0.452 -0.170 -0.625~ -0.976"
Lt TR Specific leaf area 0.247 -0.198 0.696" 0.869” 0618° 0313 0108 0.645  0.826" -0.760"

* p<0.05; ** p<0.01

FE, A LA LA 8 2 e
3.1 NIEESENINREMEARXT 7K 4 7R A0 B4 e Kz
TP T RETER 5 I EE 2 (M e RS A T4
R 57 1E N ) 45 5 (Daz et al., 1998). HHY)
Xof PR35 1) 1 1 A3 8 5 s — L AR A A ST A
Mo TR AR — 2% RS WA AR 1V 5 (1 AR HE
2, 2001; B4/NCPAE, 2004) . TTAEASERH, NoWy.
NoW Ak BT X S V55 580 1y B B S PR ke o G b 25 5 )
2K ZE 5 55 (2010) FRIAF 90 3 W i SR 22 (1) SLA -+
SR B R IR B ORI AR R 2 AR A
FE ) 1 SLA 5 B 7K 52 1E AH 0% 5% & (Fonseca et al.,
2000); I i i AR 43 B AF B K TR 1Y b0 i ek )
(Wright et al., 2004) . T A 5250 T, NoWq NoW Ab 3
X ST R B SR IISLA TR 0 2 R

XSS IR e R A 7K S, NoWps NoWR AR EE T
(B BRI T LAL SLAL NoWotH HE B
R W EZ (P > 0.05), {HEH X R
o BT SLAKE iy A P38 5 AR K AR IO FE
EREE T, 1T SLARAR I AEL4Y) e 5 2 b a8 U5 23
FEAT- 5L P48 (Comelissen et al., 2003; X1 B 4#
2R, 2008; it A%, 2012). AL, ASZEG K
TGN A IX P AR I SLAT T4 i K 23 ) FH 2%
#(Craufurd et al., 1999), A F)T-445& B30 IR AR
AR FRIIE B

AT ZTIA K 5 i IS R A A B, BEAE
B BN, AR AT R X A A B A BRI
WRJEFE . W22 R (it 5245, 2012), AL IT4S
whHZ 8, BRSSO IE K S, NoWi .
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NoW, AL 2 R ILMA B 348 K (p < 0.05), NoW, kb i
FIYLDMC k. 4Bk RE LI 74l Fkm],
FE TR IR B o A= K R 1 A B AT = T LMA
(Niinemets, 2001), LMA 2 i 2 AE A% T 5 IR B3 W
I 55 2 $5 b (Turner, 1994; Cunningham et al., 1999).
DRI, AR SEZE S HERSS IR TR B K S, NoW
NoW,4b B 55 % A EE, LMA L 1K, LDMC & 2
R EARA R, X0 T R IR N R 45 2

o} HENES JR 7 e B B EA T NQW i« NoWo Ak B
i, LMAEZE @& TR, @1 TR I LMATE T 242
By LA A K 43 R FH AL (Zhang et al., 2007),
Uk, e TR R R Ak 4 B S T Ik 14 i LIMASK: 8 5 et
WK IR A, AR ASAZ T 2051
—Ffr S . 4 LDMC 5 LMA S s Iy, R 6t BRE55 %
Y5 R FH RE ) 3 s (45 RK 40 55, 2009; 5K OCAE,
2010). FEASERH, NoW, FHLDMC. LMAH] 2
e TR AT AT LLIA Ay No W Ak BEL48 5i T 4 4% &
SRS BEIRIIRI T RE ), M — 5Tk, s B
L MAZELDMC . LMASE D) BEMIR KA Y NoWoir >k
FREE AR

BEIR U0 V0 iy 55 WA s RS P A 3 g R A
b, SLABAE, miLDMCAHIM: )5 1 i (Li et al., 2005;
XG55, 2006; LA, 2010). [FIFFEREE, HraE
PREMES /R e s e b S i A T R AR, T
TR, IR YR, BB S RO )
TR T g AR TR 1 B 19 0 - PR 40 B 2% 182 LA BT 1
REFERIK, R SR RO AR RS, DRtk SLAR
BN YL A, 2011).

— T RIS R R A ) 2 HE K S
23053 MK 43 T 14 IR A2 () 25 60 i e, R i
Ui LWCERAR, MAEASLR Y, Fesi st /K
J5i, WINoW1+ NoWo b BEANHE A 18 R 2R 6 it . I
PRLRIAEE S5 B FILWC, ST Sk 25 FAAIR 17 A R e o o
JLWC (p < 0.05), =g (KA i FAEARSLR: H, X
i T b R A T 3k 10% 1) B 2 B8 /K (M9 7K oA AR RE
JKE[110%) 5 44 10% 38 55 (W S5 o0 (¢ 5
f£110%), 4% 4100150 mmirI K HHEE, 10%[H)
K& H A T10-15 mmuK BV I0, A2 BUG 5
VL M BRSO 0F JBT  L EEERN  K
A2 AN KN o R PE A5 (2002) BIF 5T 1 L R
—LERE PSRN AL B =R L AR R (R Y,
35 JLAB B K AL BEAR L, 4735 100% 1) 25 £ %)
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YA KA A F
3.2 HNIEESEMThRE AR IR 92 R 0 89 i Kz

R e R . e YRR Ry
% (King, 1991; Givnish, 1995). Jj % 1%(2008)\ J
FUEIS IORT 2 R (1 = B A s, AU 0 Ak 3
R A RO R R TR R, T AR AR SR
Jit I 3= 255 I A A B SRR e R e A 2, g
B R B A BN U

1A 58 (2008) W 5T A, EEES NG, 3R AR
AFHEP)IFISLAL 5N, AL 4w 5 2 5644
B, BB SESLAZEN W, I AR R34, SLA
IR A3 B B K /b | 20 K AR B0Rs I A B (X
ZIE4F, 2010), Westoby%5(2002) 1A 4 A= 3G 7EAH T 22
FE IR A AT B/MASLA. - AT AL, NyWokt
PO e VA 3 A S B O R ) LB o
WA FE o AR E R FULRH, lReid & i
IKIRTT) R, To7K USR03t AN REAR I b A 4

H T R ILMAG R TR 70 T R AR B i sk
Iy FI % (Zhang et al., 2007; 4<%5454%, 2010). 4E
K Fr A i (Kikuzawa, 1991) . ASSEZEGH NyWo R )
LMA S 3 00 R, U B e v et 1 it U S, M
B L L LMAT T AR et 7K 2 R
SER I A4 o

LDMC =1+ SLAZNRIFEDI0S B 8 (1 3R HLBE ) 7%
B REAE I B A #(Wilson et al., 1999); LMA,
LDMCH iy () R 40 308 55 A= A7 76 45 PR35 22 (R 3R 855 v
(52455, A BARmIPURIane . Kk, #E
B IR TR I o T LR R A T B R R IR B, A
NiWo F, #0483 A W B I LDMC . A
EARIISLALL S W 2 A T LMA, - RS it % 55 34
BRI HHLRE
33 KA FAFEDIRMITIIEE KB RETEIK Y
XEZMW

T8 AL R IK G S AR 553 350 1R R (Ph e R A
2000; T Ieléss, 2009). 1k XK 27 2 04, KAE
A8 ELAE P X 7 Mg % S e i I AP i s B ) 2R fi
. MEEFTE . LA, SLA. LWC. LDMCIH#
W3 (p < 0.05), A Wbk, AEMRE A 1E
(R SUPTTE. DRI, 764 i i B R b () i S,
ZE K BERE A R

i T2 NS BOK ZER Tk =, 75N Wo.
NiWi. NjW, FLDMC X BEAR LL, 52 AR X 38 A 8
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o Rl BEAG JA FE PR K SR I AR AL, A Bt
IR R 7 X e ok 2 T A8 A, XA
ARA, J WRAE BN G B SELDMC I8 ok L, [R] sf g e ke
TR K BHIRAR ZE IR T, B B K B
(R H fig 0 B

HHBIT T R B 70O Tl U8 R R A IR e
Wi (DL PE 5, 2002) 0 BEARTEAS S i R0 25 (1)
AEAEN Sie B B 1 Tl RO AR T, A A4
Ny W1 ZIAGEFINGWo ™= A2 R FE R SR 2 6] 2 1) )
FERE AL, T T 18 IR AR ) D BE DR 2K 205 I i)
MY o NoWip NoWo ANH B A Y L6 &, i ife
FEE & LWC, ST 2 25 FRAIK T b g i i i
LWC, B, Xy s A )36 n10-15 mmoK, Jf H
S 3UIEN CH B 3-5 mmFI/K), ZKE A A2 LA
X eV R H R S () R T R . LWC™= AR I8
FANKRN, AN FR AWK, B RNEA
NEAE— e RERE L JR] T 31 558 % (Karrou: &
Maranville, 1995), M 1A SZY6 45 JLR I A NyW,
T, BB S I LWCAE B ik (X 5 Karrou & Mar-
anville (1995)FT 345 R —30), NiWokb# ~, Al
i J e . LWC I 3% 1 (p < 0.05) 0 5Ny W AL FEANTA],
N1 W Ak 3 2 6 57 75 0l 189 i AR 55 (4F e 7 = 1Y)
10%), FAEANSAEARKL I [a] v 2R, A0 36K,
Bk S, &R T EKRIWEER, AkREFRME
MR R TIRSER . DhaetRx B s A2 4k 1)
— RA M Y ST AR AN R AR SR AR S R
s LR 7K 43 FR] H fg
34 PIBEFEYThEE IR B B9HE K E

ALY D REPEIR B 06 RS D e R A
FRIFTUIR R S R (i i 45, 2007, J3E T, 2009).
KEWFURY], M hRetR ARG W% A
KK % (Craine & Lee, 2003; Kerkhoff et al., 2006).
SLA 5 LDMC ] £ & 2 1) 4 AH 56 5¢ % (Wilson et
al., 1999; Garnier et al., 2001; Shipley & Vu, 2002;
Arredondo & Schnyder, 2003; Li et al., 2005), At
TG RG22 —3 1M HAENoW. NoWo. NjWo.
NiWi. NyWL AR PR, SLASLDMCZ [a] G AH 5 1y
53 (p < 0.05)3 MK 23 K- (p < 0.01); LA
FEE TR R 2l S IEAH OGO R AE S5 1R S
N PRI T 25 Al — 30

T ) T RE IR TA] 1R G 28 52 B 853 DAL 1 1) 5 Wil (4
K204, 2010). 1 HAEERRUE b, MY Dhaet:

ARG FREE DR - A7 7 S5 35 (1 AH GG & (Wrright et al.,
2005). Wright%5(2004) ¥ 4=k ] EERFFT B, 6% 3=
TERYIILMASE D e MEIR 2 T A7 e 5 it HL A 2 1) 1F
FRKR, BFKRAARE—WALN, SEESS
DR AT AR o A SR ST 4 R 5 3 — W A
8L, RILALEN WAL EL R, - Ih e MR [ AH S Mk
B <0.05). W2 (p < 0.00)EMKZE, AL
HABALFE R (IINoW 1+ NoWay NiWo. NiWiy NiWy),
- DRE PR A R AR DG RS IR 3

4 ZEig
W PLERFR S 0HE, AL LA

(L)% 3t ¥5% i B it S R AN L B0 AT ESGE HL P 7
KMFREL, A& T35 A5
LIRS I SE B, N G 2 S L R AN fE
K,

YA HE I —Fi W e S AT R,
2% B KA D

(3) 7K R AL E AT FH X i 70K 5 358 e 3t 0 5o ik
WEBSEI 2 P D REVEDRE Wi k2, 1044 7K 2 R
F N RETERFE AR AN 2, i A 3= ) 3
WA AL, 7E4JE iR A BT,
TR EK ERR SRR . AR BLIE. &
IR LS

EE£ME BRIZTRABHARZLAITXRA
(2009CB421102) = ) % A A #+ 5 4 4 (41101534 4=
41171427).

Bt A5 8 mUE AL AR E RIS AN AT
RIEARR T RFET KRERH B, FHizA LS
WAL ER, 0. NI EBIRIFLRF
IR X E R FAT AR T IRAE AT T FH
s, fErb—3Es.
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