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Response of nutrient characteristics of Achnatherum splendens leaves to different levels of
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Abstract

Aims The nutrient characteristics of nitrogen (N) and phosphorus (P) in plant leaves are affected by soil
available N, P contents and soil N:P. However, little is known about the effects of changesin soil N, P contents and
N:Pon N, P stoichiometry in leaves and nutrient resorption efficiency.

Methods In this study, pot experiments were conducted to explore the response of the stoichiometry and nutrient
resorption characteristics of Achnatherum splendens leaves to three levels of nutrient addition (low, 1.5 g-m2-a™;
moderate, 4.5 g-m>-a*; and high, 13.5 g-m™2-a™) and N:P (5, 15, 25).

Important findings The results showed that higher level of nutrient addition significantly increased the P
contents in green leaves and N, P contents in senescent leaves, but significantly deceased the N resorption
efficiency (NRE) and P resorption efficiency (PRE). The increases in soil N:P significantly decreased the P
contents in senescent leaves and NRE, but increased N:P in green and senescent leaves and PRE. At the same
nutrient addition level, soil N:P was significantly positively correlated with PRE, but showed no significant
correlation with NRE. At the same level of N:P, the level of nutrition addition was negatively correlated with NRE,
but exhibited no significant correlation with PRE. The changes in plant demand for N and P caused by changing
environment can be indicated effectively by plant leaf NRE:PRE, and the characteristics of nutrient stoichiometry
and resorption of A. splendens leaves are affected together by nutrient addition levels and soil N:P.

Key words nutrient resorption; nutrient stoichiometry; Achnatherum splendens; soil nutrients; nitrogen addition
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I IO AR R A KRR, b Xt 4
FE ISR, WL B 5577 5
T—AKZHAMHBEAEWLL e al., 2013), Bl
ool IR i 7/ WD A PR s S A B i TS
(Norris & Reich, 2009; Yuan & Chen, 2009; LU &
Han, 2010), [X i3 75 [BIS0 o He P sk B 77 4 23 09 A=
1 — R Eg (Aerts, 1996; Stackpoole et al., 2008),
AREHEREMNASHE L. HTAN). BPE%E5#
TCREEDNMEKE B AR . MYAES
RETNREH I E BV, RN 732 8] 12 R 9E
(Lavorel & Garnier, 2002; Li et al., 2016).

3RSy R F B R A R 3R 43 IR
— N R, TR E R R A N R R
(NRE)¥ & T & E RIS (A A Y) (Yuan et al.,
2005; Drenovsky et al., 2013), XM AE 47 fE i i 45
o PRI 77 43 [RS8 R It - 338 m ) A M 72 40 A J2
(Wang et al., 2015). X4 ERTGEPIN. PRIG5>
5l 5 T 4 7% 4y WL R P OC AR I L SRR oy BT R A
63%I1I i 78 INRE S 4 32N w] 1) FH 44 T 2 3 1 0%
2, 1M132%01) STk A 9 NREE - 338 N A ) B 4 389
MM, XTPIfTF, 57%f SCHREE B 3 TR BE, 1
35% 1 SC R B 3 FUAH O (Aerts, 1996). T2k T
metady AT IR 55T 245 SR AR B, AR Bl A R AR (1)
NREL LN &2 AAHK KR, 1MiPEI
(PRE) 5 - 2PH E 2 MK A HKYE(Yan ¢ al,,
2018). j=HEIX Fh £ B 25 SR 1 5L R ] e 5 33 ] R H
TR L KA 0%, B HALH B T HEA 07
fifto AXBRARAT 5T AW N BIN DR (Galloway et
al., 2008) == A R A RN, AFEXS 2R A R
GAEVAETE S FREYIRR A RSORI AR ZS RER V)RR M)
MAR (Glisewell, 2004), it — B4z 1577 43 [
WO R 2 18] 90 - B HEALAI ORI 7 o BEAUL SR
T, LENBMESHEDH ANREZ X RE
A 2RV R, BRI K (van Heerwaarden et
al., 2003; Mao et al., 2014; Yan et al., 2015; Yuan &
Chen, 2015), MHK (MG PR, 2015)F1IEAH K
(Lietal., 2016). LA ERFFEREH, 38 F7K 1340
XA FR S W e A — SR 4 e, BV SitE
VI Th REBAERRIEA 0%, 52 HIET RN, PAE
Je A B RE 25 A 5

ANF TCRAE Y HERAL 2 IE R o 14k 22 1 A
TERB KRR, R AT LA A S S0 i 1

K RAEFE Y F7 53 2255 DA S IR 55 v 1) 37 4 BIR ol 2
(Gusewell, 2004; B4 7EERIFR 4, 2005; %144 Fl
F2%E, 2010). — AN, HHANIP < 141, A4
KEZZBINIRE], N:P > 160, kK E5zp
BRI 2914 < N:P< 160, 74K SZNAPIL R R
fil(Aerts, 1996), KB 5y 1) F 158N P B 35 FEAIK
T E Y E AR 2 (Menge & Field, 2007). {H 1% 8
T BB BEAS IE N RN PTG NP 438 AR 8
Y)(Hejcman et al., 2007). FTLA 1 3EN:PIARA L B4
SCMARE ) IR A S AR, RS AR K R
1735 (Gusewell, 2004; Venterink & Glisewell, 2010).
KT IREIN PIEIE RN KT Je HAL 2 B4R
A G0 ] 3 [R] 5 M AR ) 7R S R E AN [ELSCREAE, (7588
B K= .

TR XFREAS R A SRR EEH
B 43, A kB s T AR 9 20%-30% (Amat,
2011), DAV EHERMNEARSREBE RN T, A
AR 7K 2 AR 358 15 7K RN 2L T P S
2] AR B K & 5 B0 1 3G CE 7R KT (James
et al., 2005; Ladwig et al., 2012), 1Z¥A 55~ K AT
AEE A B m R o IR R, B H TGS = 2 881
SEIG A (Y uan et al., 2005; Luo et al., 2010, Yuan &
Chen, 2015), B TCiEMINX LK H/DI/K . S8 FRIR
B R S 5 IR S YA — B TR
[ENSCRRE o SAER FETE AR A 5 o B S 35 0 IR WA
FEXT A5 Ak 1) 3 3% 5 I MK e H 37 o fh 0t &=
(N:P) i B2, A HIF 70 DA% %k 4% 1 %5 (Achnatherum
splendens) Xt %, BIEN. PASINALEE, 5 7E [FZ LA
A (1) NS PFR IS 7K AR A e s 2 47 B
NS P& IR 55 ESURFAE; (2) 3N Pk 4
A[SZ MR R FE NS PR & 97 43 [FISURRAE

1 #MRFITTE

11 KIgwRl

R BN R AR FE & (Achnatherum) 247,
oA, moEME. MR bR, B
A Vb S 4E FH (5 34 2%, 2016). A% 2% HRP 1 T-20164F
IR T P R e [ X A AR X, fRY
XA T H R A4 SR M BB N, HbBE A 96.20°
E, 40.28° N, #1800 m, J2& 3% Mk — Jy {4tz 5
TR AR A IS I B E AR X
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1.2 XTIt

S256 T 2018524 A 1H £ 10H 20H 78 24 M K 244
HRE X AP AE S AT o AR T B R E 7P i
fet, HHEpHA7.89, 5% N829 mSem™, +
4 & (TN) il 4 3% (TP) & & 4 7 v 0.65 Al
0.70mg g e SEIAK. . B3N, 7
W91.50. 4.50. 13.50 g-m2a’; AHFFLHIFIEN:P
W H N5, 15. 25 (Braskhekke & Hooftman, 1999), #
I RN I+ 5N PR E P I & (Glisewel | &
Bollens, 2003; Giisewell, 2005)(#1). 3L &9 4abFE
4, FANHIFES, 1814

T 20184 2H, MR EM FREFER A
7 kg TR IE (26,5 cm, L E %23 cm, &
[ EA216 e, FhF% B (R FFEERA10-15K . £5
YK 235 emit BT, REEAKRGHK
AN — B G A S SRk, DAY IR 22
RV P AN = AR Y SR G R 72 . T 6 H W A EAT i A Ak
B, NJEAIJRZE(CO(NH,),, &N 46.7%), PIEHITEER
TR (KHPO,, P 22.8%). Jiti AR A Gt = i
N. PREEEFEAEH, PR R 3553 31k T 7K
TIN5, BRRIBIBE N TR o« BRI GEK IS 20N 1 B
HATHERE, W/IN PAEE TR S HE b e fil i 7= A
IR . SR R R A K R I A K
IKFIK160%—65%.2 [A], 5K 7y ik T Hh AL 2 m =
1.3 t#HmEXESHERNE

TEAEKZRREIA (7 H ) FI AR B (10 H ) R4
MR, KA OR E R A 3ARE— 0
TYIRES, SL3AE . REFWRISL =, Kot
B T60 CHAF24 h BT F 16 i & (Pérez-
Harguindeguy et al., 2013), #&J5 FEREEHL(MM 200,
Retsch, Haan, Germany) 78 70 it B8 314 5 R A7« K%
B TNAITPA & R A 9L 2002 i 2% 45 0

#1 N. PREEMSELG it
Tablel Experimental designon N and P addition treatments

B % BELRiE N and P supply amount (g-m>a™)
N:P — — — —
(iS5 1V S E 5 N 1V IR IR
Low nutrient Moderate nutrient High nutrient
addition level addition level addition level
5 1.50/0.30 4.50/0.90 13.50/2.70
15 1.50/0.10 4.50/0.30 13.50/0.90
25 1.50/0.06 4.50/0.18 13.50/0.54

PR B BIRRNFIPT DK
The numbers before and after “/” represent the addition level of N and P
respectively.
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(Bremner & Breitenbeck, 1983), FHiiishvEST 2 HT4%
(Flastar 5000, Foss, Danmark)ill & i1 5 TN TP& &,

7 53 1BISCRF AIE S 55 43 [3 USC 2% 2% (NURE) SR 7
= (Aerts, 1996; May & Killingbeck, 1996), & A
s s

Nugreen

NURE = (1—'\'%"—°ﬂ°edx MLCF]XlOO%

FH, NUgreen TR HLAL T B GBI 1 9570 & &L,
NUsenesced 1 ¢ 5007 JiT 2 32 Z M T R 92 70 & &,
MLCFAER R 277 1IE &%, HAESE TRIFMEDZE
R Fl R 2 e B i = 1 el . A SCMLCF 5| A
Vergutz (2012) ¥ #ff 7t 45 R (R A K PMLCF =
0.713).
1.4 HIEAIE R St

K FHExcel 200741SPSS19.0 #f%f S 6 $f i3k
TG . AN TR AN, PR,
I N:PA&NRE, PREX [8] 1) 2 7 K FH BRI R % 7
Br; 3EIED IR INZKFFIN: PG AS HAE F X 5% 4% 5
H AN, PEE. MNP, NREKPRER S0 K
WU ZE 7 Z2 500, B I K P FIN:PA i 5
HYH N PE&, HN:PANRE. PREZ A%
ZRIK Fl Pearsont S oA, 23 ME/KF-p < 0.05.
FOrigin 8.0/ KA.

2 #£R

21 FEHARMKENEREHRFIRERNLFE
A Al

SRTIT S, B AN BB IR W K
PRI AR (EILA), (HPE & &IEE AN, P
BB LIEFR I K T R E R N (p <
0.05)(KI1A. 1B). F&4r s IN7KFXF it FrN:PJS
SR, TR NP R 3 T (B1C).
B R, Y AN PIRSSEAFES K
SR R NP 9%, 24 HIEN:P = BiFF, g
FiNL PEE R IEZH NS BRI TR K F
FHE TN (p < 0.05)(KI2A. 2B. 2D), {HIEZ M
P& E I AR KA (EI2E), HIFSEMAKTHT+
FE R T M NP (BI2F)(p < 0.05); %4
N:P = 15, & i NE & &N PHE TR0 I In7K-F
(%) v T S 3 14 0 (p < 0.05) (12D 2F); 4N:P=25
B, FROUINZKF BT o i 3 PR T e NS P
i (p<0.05)(K2A.2B), {Hitm T HEEZH NS &
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&3 st g, 5,Hy 10 B H
%E 20 gg é B AB é -3-_\315' A
b=l = &
%8 A E3 100 Ell:l l#l ® 10} B AB
Z 10 C % == =a i # #I
E == Eﬁ 0.5+ = 5k
0 L M H L M H L M H
F VRN Nutrient addition levels
401 25~ 25
= D = E F
B 2 a o0t a S0l b b a
aio N ITIT R &
S5 2 El':l ggl.s- = s B2 el A
I 2 e A
= = L B 4 L B
gg 10 2 2 A EE w0 # = %10 :‘; =) é
E == $ = =§0.5- % 5t
0 ! L L 0 L L L 0 1 1 L
5 15 25 5 15 25 5 15 25

+4EN:P Soil N:P
O &M F Green leaves [ ¥ M - Senescent leaves

Bl LEEAFEFRSBMAKTFRARNPESE T, EEERGAMEZH FTING PEEKANP, L. M. HAAIRRK By mFF
IR o ANRIRS MVING FRE)) I 7R e M e Mt i FEAS [ AL B 2 1) LA s 244 22 57+ (p < 0.05).

Fig. 1 N, Paddition levels and N:Pin green and senescent leaves of Achnatherum splendens under different nutrient addition levels
and N:P conditions. L, M and H represent low, moderate and high nutrient addition level, respectively. Different uppercase and
lowercase letters indicate the significant difference among different treatments of senescent green leaves, respectively (p < 0.05).

w
(=]
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N
3

(A 78 nly [ B 78 July [ C 78 nly
= = L A
® 30} A A w20/ A ;25
Eﬂ@ AB AAAB AaB ”ﬁgls LA AAAB A A °§20-AB B Bac A A
= a = B
& £ 0} ab # 8 e ab| al®[C Risi{a ap b1®
=570 25 10 & L B e
Q
T Y ® 10t
g 10t E 0.5 %4-5
3 S Y 5+
0 1 1 1 0 1 1 1 O 1 1 1
5 15 25 5 15 25 5 15 25
4 #EN:P Soil N:P
401 X 15¢
D 108 October E 108 October F 108 October
N o &
& 30t Pusta A A z B
i E IE § 810} AB
NS a AB A «Q C
¢ <g A BB = |aB A
=220 #2110t B = c b
= 1= b|?
iz @ A it 8 a a g
Tz A Te a ¢ & sllb
S 10| AABp o AfE A A 05t = be
3 b b b b =
be ¢
0 L] 0 0 ' '
5 15 25 5 15 25 5 15
+3EN:P Soil N:P

—DOL =M mH

B2 RREFESAFLEME T M T R IA-CYREEZ M (D-F) N PEERIN:P CPOMEthrfEmZ). Ly My HAGIFRRE.
. IR o ANRIR S AN G T RE 3 3 AR [R] 1358 7% 23 T K P AIAH [F) L3N PR A T AN R Ab 38 2 o) B 2 2
2 5(p < 0.05).

Fig. 2 N, P contents and N:P in green (A—C) and senescent leaves(D—F) of Achnatherum splendens under different treatment
conditions (mean + D). L, M and H represent low, moderate and high nutrient addition level, respectively. Different uppercase and
lowercase letters indicate the significant difference among different treatments under the same soil nutrient addition level and the
same soil N:P, respectively (p < 0.05).
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LK 5 AN 2E 1 Fr HIN:P (p < 0.05)(&2C. 2D 2F),
X Z I PE B TE WS R (1 2E) « KR IZK
S5t 3R E T ERHIE Y Pearsontl 55 43 1T (£ 2)
R, MFETIENPEAT, F#OBIKEEER
AN &, A FPEEEE EAHX(p < 0.05);
FEN:P = 250}, +HEEFRK T 5 AR Z M A
N: P2 1EAH 5% (p < 0.05)
22 NPHEEEMHRADEERKFITE L
A

F R B R N B B R 0 2 I NP
Th a2 I 56 % S5 1 # 34 (p < 0.05)(EI1D), P& &G &%
EAL A (EI2E), B A N:PRE 35N P
MR < 0.05)(K1F); FEM ANEEARE
TIEN:PR AR B2 B (KI1D), HPE & - 3EN:P
() Tt e 1 2 2 PR AR (p < 0.05)(EIAE), T &M F
N:PIlI| &2 THEi(p < 0.05)(KI1F). #E— ik,
YN PE T 3N PR N 5 77243 8 Ik 1
A Ko ARFRDUMACERS, BE T 3EN:PI &, R
B N:PEE & (p < 0.05)(E2C), HE M HPa& &
B EER(p < 0.05)(K2E), W A P&EE i
N:PE 83 FAX%E R (p < 0.05)(£3); T FEnHmN
AT, B N R BRI 3 I NP

B8 NP & 22 S (p < 0.05)(KI2A.
2C. 2F), TIEN:PS B NS & 23 AR (p <
0.01)(#3); mFRAUII/KFIT, B N, PE &
Ko gE B B P R N PR T 1 2 PR (p <
0.05)(K2A. 2B. 2E), {HRE I F FlgE & - N:P
BETHE(p < 0.05)(El2C, 2F), HIEN:PH3EZH
P& L2 A NP 1IEAH 5% (p < 0.01) (3%3).
2.3 FEORMKEFAN:PR R R EM B 34 E R
Eag:gb A

FHFEFR IR, B NPT, NRE
T REZ(K3A), PREEZEHN(p < 0.05)(&3B),
NRE:PRE &3 N4 (p < 0.05)(&I3C); #H[EN:P&A:
T, BEFES I KT R, NREFINRE: PREIZ ¥
AR (EI3A . 3C), HN:P= 15/125/ B A & #1k2 &
(p < 0.05), PRE{XAEAR TR 43I 7K - i i 25 14 i (p <
0.05), fEH . mFR T IIAKTI LR ZEZ (P >
0.05)(/&I3B).

3 FE AR A NG P4y 1) 5 1 37404k 2%
THEFFERE AT Pearsontf < 73 A B, AH[FIN:PAL 3
T, FESIINKF43 7] 5 NREFINRE: PRE{E £ 71 A1
KK Z, HAEN:P = 15H1250 651 & 2 (p < 0.05),
H5PREJ & E M KRR (FK2). MHFEFRDUIIKF

Fz2  HIEAFINPLRE N IR AN 5RO E M N PR R 7743 M2 ) Pearsond 5% 43
Table2 Pearson correlation analysis between nutrient addition level and leaves N, P contents and nutrient resorption efficiency of Achnatherum splendens at

different N:P addition levels

RBELE N (9) N (s) P(9) P(9)
N:P

N:P(g)

N:P(s) NRE PRE NRE:PRE

p R p R p R p R

R p R p R p R p R

5 0.200 0.470 0.020 0740 0.030 0.730 0.140 0.540 0.950 0.020 0.690 0.160 0.410 -0.310 0.080 0.610 0.450 -0.290

15 0.230 —-0.450 0.005 0.830 0.005 0.830 0.040 0.700

0.700 0.180 0.010 0.790 0.040 -0.630 0.890 -0.050 0.010 -0.790

25 0.330 -0.370 0.020 0.730 0.020 0.750 0.990 -0.010 0.020 0.740 0.030 0.720 0.000 -0.920 0.900 0.050 0.002 -0.880

N(g). N () P(@FP (S AFRMAAMTEEMN AN, PEE; I AR B A B H Xk (p < 0.05). NRE, NI, PRE, PRI .
N (g), N (s), P(g) and P (s) mean the nitrogen and phosphorus contents in green and senescent leaves, respectively. Datain bold represent significant correlation

(p<0.05). NRE, N resorption efficiency; PRE, P resorption efficiency.

F3  LEARFEE AT T LIENPS R B N PE & K F7 43 RO ) PearsontH 55 434
Table 3 Pearson correlation analysis between N:P addition and leaf N, P contents and nutrient resorption efficiency of Achnatherum splendens at different

nutrient addition level

TG IR N (g) N (9 P(0) P(s N:P(g) N:P(9) NRE PRE NRE:PRE
Nutritional addition

level p R p R p R p p R p R p R p R p R
& Low 0.660 —0.170 0.390 0.330 0.020 0.740 0.560 —0.230 0.410 0.320 0.060 0.290 0.260 —0.420 0.000 0.940 0.030 —0.720
1 Moderate 0010 0910 0.330 0.370 0240 0.440 0580 —0.220 0.060 0.650 0.045 0.740 0490 0.270 0.010 0.740 0.400 —0.320
5 High 0.180 -0.490 0.200 0.470 0.070 -0.630 0.006 0.830 0.420 -0.310 0.005 0.840 0.070 -0.620 0.010 0.940 0.010 —0.790

N(g). N(s) P@FP ()7 AT RMAMEZLMN AN, PEE. IHA R AA REM XK R (p<0.05). NRE NEAE; PRE, PRIER.
N (g), N (s), P(g) and P (s) mean the nitrogen and phosphorus contents in green and senescent |eaves, respectively. Datain bold represent significant correlation

(p < 0.05). NRE, N resorption efficiency; PRE, P resorption efficiency.
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B3 A[FFRAEHFAE TR E R 7R PR CPEME AR E R ZE) . Ly My HBZORMR, Py @RIk, A
KEFNG FRE RN [F)—F2 5 W I KF AN P A T 35 A 3R] LA 38 1 22 57 (p < 0.05)

Fig. 3 Nutrient resorption efficiency of Achnatherum splendens leaves under different treatments (mean + SD). L, M and H
represent low, moderate and high nutrient addition level, respectively. Different uppercase and lowercase letters indicate the

significant difference between the treatments under the condition of the same nutrient addition level and the N:P, respectively (p <
0.05).

RA  FEDE KR L IENPXF AN PIR S REAE R0 1 BUE 377 2 5 Wt
Table 4 Results of two-way ANOVAS on the effects of nutrient addition, N:P, and their interactions on leaf N and P contents, N:P and N, P resorption
efficiency

ERERN St FE IR WL LHAEH
Leaf trait Leaf type Nutrient addition level N:P Interaction
F p Sig. (N) F p Sig. (R) F p
H i N content R GL 1.260 0310 aaa 7.940 0.003 b,ab 10.220 0.000
FEEI A SL 18.820 0000 aab 1.300 0.300 aaa 1.190 0.350
fif i P content B A GL 1.900 0050 aaa 1.990 0.580 aaa 2500 0.090
HEM R SL 0.530 0050 aaab 3.000 0.110 @b, aa 0.530 0.005
RBELL N:P B A GL 0.090 0620 &b, ab,a 9.000 0.002 b,ab 1.630 0.050
HEM T SL 6.110 0004  abb 4,560 0.040 aab 1830 0150
RIEWORE 33.880 0000 b,ba 5.670 0.012 aab,b 9.500 0.000
N resorption efficiency (NRE)
rAEl G & 0.630 0540 aaa 6.440 0.008 ab,b 0.660 0.630
P resorption efficiency (PRE)
NRE:PRE 3.630 0050 b aba 13.730 0.000 b,a a 1.850 0.160

Sig. (N)FISig. (R)H A /NG FRER IR 75 50 A R IIACE RS RIN: P A T A FHEFR 1 2 57 (p < 0.05).
GL and SL indicate the green leaves and senescent leaves, respectively. Different lowercase letters in Sig. (N) and Sig. (R) indicate the differences among
nutrient addition level and N:P (p < 0.05).

T, LENPEHAPREEEFEMKXKR, 5  FAAFRSEE, FAlN HEBAFRN. PEIRKT

NRE:PREL & # fitH KK R (p < 0.05), H5H
NRETC & # M5 K R (F3). A LIENPS -1 555>
ISR BEAT XA 275 22 0 B (R K B, LIEN:P
5 IR0 UK (28 BAE O UM NS &
Ak A NRESS HA B E 52 (p < 0.001), {HXT
PREFINRE: PRE) G . 3 521 (p > 0.05)

FIAFIN:PRIAR LRI R, Th SR G = RS0 51
g . At BN, PEERIT
T LB PRI 2 37 55, M B AR 77 23 [m T
MR, 2 FEEE 7 WO B E AL, BHET
TR 543 1 2B 42 3 B S (Tripler et al., 2002):
BIN. PASING 2 FEAIC 7 2 B0EINRE (LG et al.,
2013; Li et al., 2016), F-7E7HPE(van Heerwaarden et

al., 2003), & Jii(Soudzilovskaia et al., 2007), Fiik &
31 FHEM R IO HFHEX IR 5 RNk 8908 Kz Ji7 (Kozovits et al., 2007)FI##(Li et al., 2010)55A4

TN RI IR S B A IR o & AR 4y B
K%K (Killingbeck, 1996; LU et al., 2013; Mao et al.,
2014), {EAEY) I FE 53 FEAE Qe o) 5 A8 4 ) -+ 338 m]

IR PR3 (1) AH DGR 78 Hp A 38 T 3 — P I . 55— 7 T,
TN RS AR, TSNS I T LR £
AW A 77 J RIS PR SR HE 0, i L 38R 7%

DOI: 10.17521/¢jpe.2020.0127

©U 00000 Chinese Journal of Plant Ecology



1056 HEYA= 25 2%4) Chinese Journal of Plant Ecology 2020, 44 (10): 1050-1058

A ) PR i R 30 8 EL B 2218, BT DAFENS = 3R 85
HHR NN S ZU0OE 420 Hh P FE X B = (Vitousek et al.,
2010), &4 FEPRERIIGIN. [FIFE, PEZ 84
PN INTE — B2 F R K, 2GR
FEPDRENBE K 75 3K (Li et al., 2016).

I3 S 07K ST AL 557 43 TRDSC I g ) 5 1 38
N:P K. [Fl—N:P&MT, FR0UINKFRE X
JrPREJE 235 52, (HAH45 1y NREFINRE: PREY)
BB, X0 DUEE T2 A ENE =T
S J5 T, B B NP AR IR TR 1 PR )
(Reed et al., 2012), MifiRIANA[FFE 5 fHE RN KT
T, LIENPSH FPREZIEMKIK R, 5NREPRE
BERMKKRGERS), MG LHEEFRAKFEMET,
IR IIN:PI T 5 4 i A NRE S 2 PR A, X2 52
IR AN R R R I S S R (Liu
et al., 2010).

32 FREEMFFFEIIN: PRI T A0 K,

— NN, BIEERER S S BN
i N:PAE 2% T 8 R AE A8 A 1) 3 7 3K 31 R 35 (Wang
et al., 2015). AHFFTH, FIEN:PHI S
N. PEEILCEFERmN, TN T PRE, (HF%
KT EZMFMPEE. M ANREANREPRE (K1,
K3). Y FFNRE. PRE M NRE:PREX T} i i) 1
BEN:PI A [R] i 52 s B T HAXN S PR R 22 57,
[7) IS 13, 350 B 35 T 1 KT N L 2 (R AR 0 N e
H T i A A0 PR REER, S8 i B2 s PREK
JEXT P FER, R T 1% BB R K 1) PR B R
o XS5 FALENIE T MSOWLAH K 2 2 WA 7
RGUKEN. PRI & E#EHE IS (Agren etal,
2012) Je /Pyt Fr NPT B (1) 77 73 BRI BEAE (Aerts,
1996), LHIHEPIN. PRI EREAMN 32 5
AR AN, PEREMEZELW, [R5 NP
PIAH % (Pefiuelas et al., 2012) .

FHIFFR AR, FR T BRI AR
1k T E R 5 4 5 PREAINRE:PRE, i X NREG
BERW(KS, E3), R TIENPENEYITE S
HBAEK. MONPEEIEN. PEFRALME, T
T2 PRR ), REDAEKZRGFEERK . AH
N:PHERIO RN PRS0 (1) 500 13 B 22 1 BEAE
- IEN:PIZ T 5 (0 S5 1 R B 2 AR T N
Ji 7 PR (Reed et al., 2012). X 5 H AR KA
N B 388 55 7 22 52 NS ) P49 ot 10 A 245 R 0 7 70l
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52 PIR i () 45 5 (Elser et al., 2008; Liu et al., 2013)
— 3.
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YR PHI 5 R KT RN K

4 g
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