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Abstract: [Objective] Global change has substantially changed soil nitrogen (N), phosphorus (P) and water
availability, which further impacts plant growth and physiological processes. However, so far few studies
have been conducted to analyze the interaction effects of soil N, P and water on plant growth and
physiological traits, especially for alpine meadow plants. This study aims to reveal the impacts of N addition,

P addition, drought and their interactions on plant growth, leaf N and P content and N:P ratios in dominant
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species of alpine meadows, providing scientific evidence for grassland management. [Method] Based on an
experiment of N addition (10 g/(m*- year)), P addition (10 g/(m’- year)) and drought (50% rainfall reduction)
in an alpine meadow of northwestern Sichuan, we measured aboveground biomass, leaf N, P content and
their ratio in Elymus nutans, Deschampsia caespitosa and Anemone rivularis. Then we analyzed the
influence of different treatments and their interactions on plant biomass and leaf nutrient. [Result] For plant
growth, N addition significantly increased plant biomass of three species, but the impacts of P addition,
drought, and the interactions among different treatments were not significant. For leaf nutrient, N addition
significantly enhanced leaf N content and N:P ratio of three species, and P addition also promoted leaf P
content but reduced N:P ratio. Drought raised leaf N content of E. nutans and D. caespitosa, but had no
significant effect on leaf P content and N:P ratio. The interaction of N addition and drought promoted leaf N
content and N:P ratio of E. nutans and D. caespitosa. Nevertheless, the interaction of N and P addition was
not significant for leaf nutrient of all species. [Conclusion] This study indicates that alpine species have
quite different responses of plant growth versus nutrient traits to nutrient enrichment, drought and their
interactions. N input mainly facilitates plant growth, but the complex impacts of soil N, P, drought and their
interactions all affect plant nutrient and stoichiometric balance. These results imply that more future studies
are needed to detect the mechanisms underlying alpine plant physiological responses to the interactions of
various global changes.
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meadow

B Tk dr Lok, i1+ ASEEsh e pH R e
AAOE B 38D S B R UL RE, 20 &35 Uit
ARG BRI R R AR B
SRR, P KRS R R B AR A4, HAT T 5
CL 28 J A tHE S ) B R 5 1r) E). E R e BRAR AL
PR 7t A A ) 2 = B30 3 Ul 7 20 A0 25 /K B AR
o BEFENN HIREBETR 7 N\ = R TR 70 IR
0, (e AR A, R 2 8 A ) i A 9R
B, AR O R A L TP 7,
PR E KN EEE IR R, YRR
T PR A A AR B R R B AR A T
B2 B3 PR 5K 7y, T RS K Rl R 2
5 SRR TR A A B AL X Bl i T R R VE P )
I AR AN IR 0 B AR AR 358 P SRR AT 1
HET WA 0T 39 5% 3 R RS Ay B TR
WY o 3 KR I, A A T R
TCER RSO T o EHB A BF 5 A I, 18 B K B
% X3, 38 2 1T 5 S G IR X B IR 0 AR R
Y1 B, BIF SRR AR KN R PR 57 00 4R
AN 3K 7 A AR K 2, A7 AT 1 R A Ah S
SR AR A PR N S A AR PR R ALY, (R, H R
[ I 2% 18 3 2 WA ROV A K 2 AR AR R A
ANFR I3 BIBIE FOIEAR 2D, 5 ) X v 7 e JEUREL 0 F) A

EERATEFR, ARG N, EEA
B S T 385 9 X e 2 A AR ) 97 20 AL A

TFEMAT T REF I . W, ZREED EE
L e B v S8 B ) 2R AT AN [E) B BT BB R D S G R B
LA AR s I 2 2 MR 52 A5 BRI B N S T
=, A [FE P B I B 2 R S SR E
KA, B 45000 i FE B AR S RGUE Y BE TR 45
FB1, Dong %5 75 75 7 5 i 32 47 ZEUBEAS [R] o A5 7
ISEG R I, BBV IS S [R1 R4 B RE A s el A [,
BN 02 25 S IR AR BHE Y B S A ', BN
Ve IP Al R v = S TR AR IPS N
ZHUEYI B RS B B R, Jf
AT NTER FCAE I A& S B R b 20 & L K
I3 AR AR N R B, B K b, A AR
TR B IR PN A A AR AR A [F] 45 R,
AR I i 2 18 2 P8 3 PR AR, R,
358 K 3 o AR A 37 43 IR WSCRR R S R T L AR
B, KEP 2 RIAS R IR 58 2% AR 7= R AN [ (i o 81290
R R TR E AR A B,
2) 3 T 9 = R L T R 50% A . R FE R AR RS
F2 4008 5 32 3 e SR B BR A L, X Bk AR
AR BUR . R BRARA T 50 T 358 SR8 5% 20 o
TR UL EATZ 85 = 028 FAE 3 A] G X
F R A KR T B AR R R . R, AR
B 70 DA ek e B v € B ) St 5 4, 66 T 0
AR DRI RY 509% = DRI 3R 2 i) SE A6, G HR 3 Fh AL 5
T, e Y YRR SR 5, BT IR B
£, T S H A2 HAR 6] e 2E e A A A K R 2R 4y



55

G SRS FBEAS AT 00 e FE S SR S A A A2 T s 117

PERR (B0 HLEL
I #F 5% KB

TRIG AL A T DY 1 A8 BT L5800 56 Ik H V8 P A1 IR
IR B B E MR R R E R B AT A
(32°49'59"N, 102°34'53"E, ik 3 490 m) . iZ%Hh [X
e T Ko A v DR S IR A Y VR v 2 KU, DY R
S, HBRKEATE Y, AFBKIEA, LEE. FF
WA 1.4 C, HEZ K. FRFEN W, F %
/K 650 ~ 800 mm, 5—8 H F#7K 5 44 80%™. Hh
PR R A Y E FE R . SLIOREHLZ 2017 Al
MR AR . A 7 DLR A B Gramineae) « 75 B &}
( Cyperaceae) « £ K £l ( Ranunculaceae) . %

Xinjiang

W

Research base

0 75 150

= 2 m|
N <| TN g N+P

N+D D

4 m

(Asteraceae) 1 5. £} (Leguminosae ) FEY N 3, A4
WAL 5 R A B 3 AR B0 5 (Elymus nutans) F % 5L
(Deschampsia caespitosa) , 75 5.5} Z . ( Carex spp.)
DL K B E RN M (Anemone rivularis) 55 . 1238 0 ~
10 em 77 3R & 824 215 mg/kg, A W& 8N 2.875
mg/kg, pH {H 5.25.
2 HHRTT %
2.1 &It

2017 4 5 H, FE A2 NG B b 35 30, M BAH
ST AT X 3, W B A 24 ANNX I SEI e . F
ANX AN 4 m > 4m, [FFFEEE 2 m(E] 1. 5E
P& 1 2018 40 N 4 Bk K Y b 7 44 16 ) S 56

+P

+N N+P

+P CK

D N+D CK

CK. X s +NL BRI +P. BEWR I D. 5 (BT 509% )5 N+ P. ZBERIIN VR I N+ D. RIS 50%. T [« CK, control; +N, nitrogen
addition; +P, phosphorus addition; D, drought (50% rainfall reduction); N + P, nitrogen and phosphorus adding simultaneously; N + D, nitrogen
addition and drought treatment. The same below.

1 BRFOREHA B S N XA B s

Fig. 1 Sketch map of the location of research sample plots and layout of experimental plots
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Fig. 2 Responses of aboveground biomass in three species to nitrogen addition (+ N), phosphorus addition (+ P),

drought (D) , nitrogen and phosphorus adding simultaneously (N + P), and nitrogen addition and drought simultaneously (N + D)



%58 G SRS FBEAS AT 00 e FE S SR S A A A2 T s 119

30 TR T Elymus nutans 30 K.Y Deschampsia caespitosa 30 5 KM Anemone rivularis
T 25 25+ * 25}
&0 * * "
£20} s . 20} i 20
® 3 R = R -~ - e ---F - - -
i §s| 15} 15}
T g
= 10 10 + 10 F
G
5 st st st
)
0 1 1 1 1 1 O 1 1 1 1 1 O
~ 4 5¢ 3.0;
\CD *
; * | 25}
£ 3t * ’ i 2.0 i
# 2 3t '
ic ¢ 2t 1.5F
£ = 2t
8 1.0
£
“5 1- ﬂ ﬂ 0.5-
Q
= 0 L L L L L L 0 0
20 20 20
L 15} 15¢ T % 15+ "
~ s %
Z e
10t ) TS S _- L
e 1) S ) 0 10 )
=5 *
B *
>_] 5- ﬂ ﬂ 5- ﬂ ’J_‘ 5- H
0 I I I I I 0 I I I I I 0 I I I I I I
Control +N +P DN+P N+D Control +N +P DN+P N+D Control +N +P DN+P N+D

FRORAE B o A B 22 R B (P < 0.05), BEH TRALHAMAMEE, BRR RS L EBILHR K 2 MK -FHE . * indicates a
significant difference between treatment and control (P < 0.05). Black bar indicates a significant interaction effect, and the dashed line indicates the

average of the two treatments compared with the interaction item.

B3 3 RMEI AL B K NG RS AR I G+ NDL BRI P T 52D U RN AR NN + P ZURI T [ A LN + DO 52
Fig. 3 Responses of leaf nitrogen, phosphorus concentration and N:P ratio in three plant species to nitrogen addition (+ N), phosphorus addition (+ P),

drought (D), nitrogen and phosphorus adding simultaneously (N + P), and nitrogen addition and drought simultaneously (N + D)
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Tab.1 Three-way ANOVA on the effects of nitrogen addition (+ N), phosphorus addition (+ P), drought (D) and their
interactions (N x P, N x D) on plant biomass, leaf nitrogen concentration, phosphorus concentration and N:P ratios

PyFf Species Y845 Index df +N +P D NxP NxD

£ W) Biomass 1 14.501 1** 1.059 4 0.068 4 0.765 8 0.1510

TR & = Nitrogen content 1 17.853 8** 1.166 6 9.793 2%* 1.5117 4.198 7*

Elymus nutans i 7 & Phosphorus content 1 3.550 0 93.236 8*** 0.279 5 0.1529 1.1173
N:P 1 31.713 9k 85.326 3 3.1127 3.8299 9.121 1%**
A Y& Biomass 1 54.514 Q*** 0.550 5 33269 0.307 1 0.4103

! % & Nitrogen content 1 17.213 7k 0.0372 12.443 2%* 0.990 2 5.689 5%

Deschampsia e A

caespitosa 1% % & Phosphorus content 1 0.293 0 26.904 9%+ 0.273 2 0.107 6 1.8450
N:P 1 5.572 1% 69.735 5% 0.001 9 0.2459 6.550 4*
£ ¥ & Biomass 1 10.190 5* 0.688 7 0.238 8 0.074 9 0.060 0

R & & Nitrogen content 1 4.584 5% 2.286 1 1.747 6 0.099 6 0.106 8

Anemone

rivularis T & B Phosphorus content 1 2.995 6 9.581 3% 0.268 8 0.0539 33040
N:P 1 15.580 5%k 24.599 G*** 43041 0.140 3 1.6952

VE: *RIRIEP < 0.05/KF L ZR B FE; **RIRIEP < 0.01KF LZE R EF; ***RIRIEP < 0.001/KF L ZF R 3. Notes: *, **, *** represent
significant difference at P < 0.05, P <0.01 and P < 0.001 level, respectively.
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