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Effects of Phosphorus Addition on Stoichiometric Traits and Nutrient Resorp -
tion Efficiency in Bluegrass Leaves

WANG Xiao-1i'"*, WANG Qian', XU Hang"?, HE Ke-yan"?, WANG Jia-hao®, SONG Mei-qi'?,
JIN Ling"*, WEI Xiao-xing"*
(1. Qinghai University, Xining, Qinghai Province 810016, China; 2. Qinghai University/Key Laboratory of Superior Forage Germplasm in the
Qinghai-Tibetan Plateau, The Academy of Animal and Veterinary Science, Xining, Qinghai Province 810016, China; 3. Grassland Research
Institute, Chinese Academy of Agricultural Sciences, Hohhot, Inner Mongolia 010010, China)

Abstract: In this study, Poa pratensis var. Qinghai was used as the research subject. The changing trends in
leaf stoichiometric ratios and nutrient resorption efficiency under six phosphorus (P) addition levels (30, 45,
60, 75, 90, and 105 kg-hm ?, sequentially labeled as P,, P,, P;, P,, Ps;, and P;) were investigated. The
results indicated: (1) The leaf carbon (C), nitrogen (N), and P contents generally exhibited the pattern of
senescent stage << full ripeness stage < milky ripeness stage, with the highest accumulation of leaf nutrient con-
tents observed under the Py level. (2) Leaf C/N and C/P ratios generally followed the pattern of senescent
stage = full ripeness stage > milky ripeness stage, while the N/P ratio generally showed full ripeness stage >
milky ripeness stage = senescent stage. (3) The Nitrogen Reabsorption Efficiency (NRE) was the highest
under the CK (control, no P addition) treatment, whereas the Phosphorus Reabsorption Efficiency (PRE) was
the highest under the P, addition level. (4) A generally positive correlation was observed between leaf NRE
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and stoichiometric ratios, while PRE exhibited a generally negative correlation with stoichiometric ratios in
mature leaves and a generally positive correlation with stoichiometric ratios in litter leaves. This study suggests
that the appropriate P addition amount is P,-P; (45~60 kg-hm *). This research provides practical guidance
for precision fertilization and scientific management of artificial grasslands in alpine regions.

Key words: Poa pratensis var. Qinghai; Phosphorus addition; Phenological stages; Ecological stoichiometry;

Nutrient reabsorption efficiency

R B8R (C) VR (ND B (P) & i F L 2
T o L 7E dE R Al AR 4 AR DL R B B 5 T 1
EEEMEAY. CouR EERIETH Y6 A 1ER
CO, M EY NITESH T IE . 2 5R 1
AR AR R, P T X 2 R AN P A AR R R
B, R C/N R C/P AR R E R s
FRICR B C 1 [ Ak 8 1, 7] B Sz il A 49 %o o5 7%
(I 2 NP A] DL WA W 8 3 5 B A
B R R C NP M A AR 1R BE RS
2 WREAE W) 5% 43 1) FE AR 0 0 0 BR B A0 N BE A
B F T @A 8 R AR O R R HAE ML
TN JC P I R IR TR Z A A 88 v i i, 5%
HoREAEY A B IR . Y R EE
AR, 22 RO W) TR Wi 2 A A AR R4 40
L 3 A o B A BRAE I R R A E UK . A e
F 1 3% 43 FE WOCRE 7 — MR WO R R
W % G R SRR R o R UK A R B B A A
DL KA W) R 0 55 4 8 22, BRI T R ) AR KX 1
FE T AR, T A B 22 A AR R W 3R A A NG A
B 38 AT 7 PRIE SR A 1 R 5 SRR

AR 37 43 B WS N BB S0AR A ) 1R N A% 28 B I OT
FAURY T 5 e A R 9 B Ak S T L RS 4
IR P — P i AR 8 A 7 o AR
BRGYREN T IR E Y e i8R0 &
B2 A AR R W 2k K K T R R AR
W & AR EE AR R AW AR R BRI
Tz RHERAHLP R & SR 20% ~
80%6 , {H & A7 2= ZL LI A W) A v] A A4 =X A7 78 i
TEHIL P JE HA B 35 43 8 A WO R L B0+
b 95% LA B PR EROE Y, B R, A
P i A 2 el A8 HorE e v i AT ssobE N 4 g
M P &L IE AR N NR P& BT A BT iR
o A0 7 R R R KO B PO e
23 P07 R )RR R A FHIR ZSOR A S A ) R R A
F, DATI 52 i) AR 4 %k HG b 35 43 19 W 0L 3 T A
SRR W B P R AR, B RN P,
K & & W 80, A N/K fm N/P & A, ik
He oY R B P 3 BRACAE 2 1 i NRE, PRE

BEREFEERELGESE., MYMAEKET THREH
A AL T B8 SR 53 0 WM B A B Gy BC A AE B UG
I AR ) TE AN T A 6 3% 43 1 T 5K A7 AE B G
22 5100 SR AR ek PRBE 9 3 OB R — A AR KRy
fEFITC 2 M A BORL A . BT R B, R )
AR BT E K (Zea mays) W ) C TN &5 i 72481
Wi, P s e FL AU R, U oK Y C/N
BE T HAL AT, A2 R ay N/P B E KT
HAb AT . =058 R, L8 B 15 (Medi-
cago sativa) Fifi A A I B AE G it e SR 43 R 0 R
fi8,NRE 5 PRE ¥ 2 Bl B ) 0 3% = T o0 4630
UER7/E S 4 @A s~ 4 1) = ) I o3y i ]
2~4 IR, Estiarte 5 BF 5% & 3L, R F AE
w35 0 RO R B S T AR
(&%, H PRE T R IR B 58 % KT NRE T B iR B2
RICIREGE R BT AR 5 o B PO [ A A R
o3 SRR BEE M 5 TR B IR, 37 0 R
WO R 23 BT [ o TP USSR R AR A 3% 3 EE )
WO AR AE W o 2 A b Y AR Ak s PO H H R
RTINS

T 25 583K (Poa pratensis Qinghai) J&— i
B (1 R A TR 25 B A R LB L
N PETT AR ZE B e, [ AR KRR T 5R AR R T
o A 1R JE M X B b R A R K b AR Y R R
1T 77 76K ey J V6 4 v, SRR, A 338 v i AT R el
3 IR, VAR R B E NUURE B RE 2 n , -1
Free b, AP 5% REERE 746 -4
PR T AT R P R B Z Y TP RN T R
Ji 7R R PR 52 W) 2 e I O 2 kb R AR AR A ARG,
AR AR R Wl 3 FR A I RE . Rt AR AR
DL I i 25 AR S A9 6 4 IR DA 6] P s Jn
SAFTE T 25 R ORI W B B e 2
75 T AL 27 T o e S TR S o OISR 1 8 A
St R Ak 2t g L R SRR TR A 22 (R] Y A B
KFR, BTEM W PG nxs 7 % e =25 520K 19 9% 3116
P T3 R AR AR, R Bk 2 VR A e R AR S XA ) 37
O3 SRR o3 A AR 0 B A3t i P S A



5% 3 T B R IO SR I 2 - T 9 S T U MR g B 951
- ”t ] N N,,,iN\
1 #RIER® NREzi( )><100%

1.1 I8 Hb iR

TR 5 b A7 T 7 I A U b NV I R SR R
Jo %% R ] (36°49729” N, 101°45726" E) , H g4k &5
JE R 3156 mo 5 A AR P oA I 93 d, AR R
0.5 °C,AER R KR 375 mm, FEAERET—9 H,
AR 78 K R 1400 mm, 434 H R RS %% 2980 h. 4 1
JBEAS 4 pH A 8. 43, ALK 32. 48 g-kg ', A H
W 2.86 g kg L, WA E .26 gkg L HEA A G E
81.33 mg-kg ', HALHE ik 1. 89 mg-kg s

1.2 RWigit

BEHL 2016 4 AR CELAE 5 5 4F) 1 i 25 L 2R K
6 1 A i A LA 4. 50 kg+hm 2, 78E 30 em, 5%
T, ST S B3 AF T () 45 BN TBR 24 B, T it A Ak
T o MR T R e DR b XA A PSR 56 ik
B PR 5 % E 6 4 P I i K SF (PO,
12%), 43 %14 30,45, 60,75,90, 105 kg-hm 2, # 1k
it M Py, Py, Py, Py, Po, Py, R TR A0 P 40 31 Xf BE
(CK), 3L 74 Kb B, AR AN Ab B3 & 34 A, M 21
AN LN AL 3 mX 9 m, /DX A Bg 0. 3 m, {#47
A9 1 me 20194E 7 A 1 H (5 i 25 7 20K 4b
FIAEWD ¥ B FR 45 (5 P,O5, 12%0) N T ¥ 51 4
it F 56 /N X

1.3 RBH*

72 A5 50 /N X P B HILE B 50 cm X 50 em B X,
F 7 H 30 H ZLAM (5 1 i 25 B 3OR BB AL T BR
U B 0 R P D (8 1 20 H SE#U L9 A 10
H A o 09 7 B B XA B3 B 10 A #4— By A
PRIEATRE AR . IR A S8 R/ 6 A
T HARIZ B AR R O AR
TR 1 A 58 4 R AR V% (0 ik e AR PR VR T . R
LR R ok 105°CA FH AL, 65°CHE T 2 45 & R
HCHFRE S A RS U i 0. 3 mm B T L #E AT
C,N,P & &t , Horp C & & F Sk 5 #r 4 (Elab-
TOC) #4715 , N & &8 1 P & &8 1 30 5 #r
(SEAL-Analytical-AA3) #4701 7

1.4 HMEFHSERKNEITHE
A N FE 43 3 W AL 3% (Nitrogen reabsorp-
tion efficiency , NRE) 3148 /3 3,

B R P 3% 4 8 W I %% R (Phosphorus reab-
sorption efficiency , PRE) 31428 2054,

(Pm_P\')

PRE = X 100%

A NRE b R N A E R ISR N, A i
N & Gmgg DN REEN N & & mgg s
PRE Jyit 5 P () BRI RL 3 P, o A 7 Py &
wlmg-g VP AHMBEM A P& ®E(mg g D,

1.5 #HiEAE

FIH SAS 9. 4 %4l o3 B SR IR R 7 22
A3 M1 CH LSD ¥5 78 0. 05 K - b i 17 4 58 1 XA
Z O E ORI PN S PR 5
R X} B PR Y C N P i R fbsE i e o
AN P R RO Y 25 S R (P<<0.05) .
R Studio 2023.03. 1. 446 # {4 (Hmisc £ , Corrplot
) PEFF I B C,N,P,C/N,C/P,N/P fil NRE, PRE
FR A S 43T L B Orrigin 2021 % 64T VE IR .

2 HRESH

2.1 BFEMMEHEKIMHEC,N,PESENEI

Az K I AN PO I AR RGN S R R A C
N, P & & 5 2 2 1F A ¢ (P<<0. 001D (& 1a-D
RIS BRI B CLN, P & 2 S B3 7k
K (P<<0. 0D (I 1a-D , 75 A ] A K B, AH [F] Ab 38
TR R CONL P& 2 A, B < 2l
<FLAM . R AR, R F CONL P& &
BE P ES N, B R BT R R A e F . i
R C & & AF PR R i & (& 1a) N FIP 7% i 7
P AL P fie i (b, o s V& i i C fil P& B AE Py
b PR d5 v (B 1d L D, FL2GH F e 200 38 7% i N E
HAE P AN B R e (IR Te) G o5 301 08 9% iE N &5 7
P AP fe i (B 1e) s

2.2 BEARMXREZEHARMF C/N,C/PFN/P K MY
AR S B AR F C/NL, C/P A N/P 1 B 4%
B3 25 5 (P<<0. 01) (| 2a-D) , 76 A [l A K i 48, 4
[/ P s 4k B2 95 At i C/N AL C/P 3 ik 52 30 4G
B > 58 A > FL AT N/ P 7E P A FEF SR B
= 58 B > ZL N Ay Ak 2 S R 8 U > 3
B> MG B 2a-D 0 i i C/N FE 45 B A



“ re o 4 S
952 o ¥ # ER e
(a) (b)
60 i P 50 PA NS Pt |J||l/\ NS
*L'ﬁ%ig% RS S 16 il os o MG s
=40l R ws B PAXGS  ** :; Pshin x B PAXGS - ** P IJ||><HI ] PAXGS  **
50
h D 144
5420 24 Aab  Asb o Alpy Asb g Aa
s Ml
bl
8 400 -

2 s ‘
4b3 Treatment

2 s .
4b ¥ Treatment

2 P, A
AbF Treatment

P 75 PA NS
i %

iy ]( S
P 500 x B3 PAXGS - **

CK CK

2 PS

4bFE Treatment
E1

Fig. 1

TE : CKOM ARt % B8 Py, Py, Py, Py, Py, Py 4 BIR R B /K -2k 30,45,60,75,90,105 kgehm ™ %5
AR, GS S 2 A Bt 401 5 S [i) oK 5 5 B 2 % st 401 ] 2 7 8 35 (P<C0. 05) 5 AN (] /N5 5 R 2R 3% A [l it i A 6 ] 22 3 1 35 (P<<0..05) .
#2557 B 3 (P<<0.05) 5 #*i) 2 3 22 5+ (P<<0. 01), [

Note: CK is the control without phosphorus application; P,, P,, P,, P,, P;

W FEAR 25 (P>0.05);

2 PS 4
4L 7 Treatment

BRI A R FAEMN R C,N,PEENM

Effects of phosphorus addition on C, N and P contents of mature leaves and fallen leaves

7
P il PA NS it MS P I PA NS
1111 GS > ‘L,m,,gJ i Gs ok
P i x B PAXGS  ** 2 o m“s‘{iu; WS Pifshn x B0 PAXGS **
@ Aa
LS st 3
- 8
EN-

P P,

2 P,‘ 4
4bF Treatment

MS B FLA RS 52 U0, WS R 5 1 , PA
NS #R

, and P represent phosphorus application levels of 30, 45, 60, 75,

90, and 105 kgshm ?, respectively; MS is the Milking stage, RS is the Ripe stage, WS is the Withering stage; PA denotes phosphorus addition,

and GS the growth stage. Different lowercase letters indicate significant differences among phosphorus treatments (P<<0. 05). NS indicates no sig-

nificant difference (P=>0.05) ;
0.001), the same as below

B P U IS CK ¥y JC @ 2% M 22 7 (&l 2a) 5 C/P FL 2
WS C/NAL—2, 58 2N E P-Poab BT 5 CK
o E M2, A FRAL T CK AR I 7E P, Al P,
WAL T CK, HAR Pt 5 CK Jg i 35 P 22
S (K 2b) s N/P RN AE PRI P LR, 5 CK B
2R AR PN BN H8F CK, 522U
1E P AL R 5 CK JC W & 1 25 5, oA P s i 4b 2
KT CK A 8 W 7E PALBE F i T CKOE 200
it R C/NZLAWIAE P AL T & F CK, R PR
Jnab FEAR T CK, 58 AUHAE PAL BN 5 CK T8 3%
PE2E 5, HA PRI BESAAR T CK, A 2 I 7 P AR 3
THCKIEFEEZS, HRPHRMAHAILT CK
(KB 2d);C/PFLAMILEP,, PP AR, 5 CK LR

FvE 2R HA PR INAL BRIE T CK, 52 U 7E P, Ak
FUR 5 CK I EH 25, HA P M F L F CK

(& 2e) ;N/PF WAL P, P B R LT CK, AP
IR FE S CK o M2 5, e AU 7E P FE R
F CK, W E WI7E P AL B R F CKUA 2D,

* indicates a significant difference (0. 01<<P<C0.05); ** indicates a highly significant difference (P<C0.01 or P<<

2.3 FERMX BRI R RS ERKR RN

Az KR PR A EAE AL 5 NRE &£ 3
IEAH X (P<<0.05), 5 PRE LW EF M2 5%, A
NRE 7€ P, 5 P, &b 3 F 2L 24 e fIG, 78 oAt b 38T
& B i i NRE 6 W& 1 22 7 (K 3a) . it iy
PRE 7 P, &b 3L F 58 2400 0 3 i 1 7L 20000 A ARG 2
1, At b B R 25 B B T 3 v 2% S (R 3b) .
] — A= K 300, - NRE Bt P s fin 2 5 80 56 B 1%
Jei 30 F R AIG Y AR Ak ke A, 7E FL B i R NRE
FEPALFETN 5 CKJC W 3% M 22 55 76 58 8, it
NRE ¢ P, 4b B T 5 CK G & 3% P 22 5, 7e A 330
M A NRE 7€ P,, P, 1 P AL 3 F 5 CK G b 35 1k 2%
SO H AP WAL # R i B NRE ¥ T CK (K
3a); It PRE 5 3056 84 i B 41K A9 25 Ak e 34 e
FLE Y ARG ¥ 0], M PRE 78 P40 B F & F CK,
e 8 A, i i PRE 78 P-P A B R = F CK
(K 3b) .



55 3 3 ST A < WA LR I 7 A2 AR R TR 4 T WA R Y 5 R 953

(b)

140

P i PA NS
i GS -
P x i) PAXGS - * 120

P il PA
i GS

P i PA
- S
P x B PAXGS - *

< **
P 00 x B PAXGS  **

100

cBbefF]|Be ABe
Be

60

180
160
140 = 35k
Aab A
= 120} Bi e A Abed 301 Aa Aa
Aabe abe AB
) Aaly, Acd ' Aa
" Ba| Bab) Boc Bl b Ad Bab ab TA, Ag
S 100 be b 25 AdAD T A Hedy o oo
g e Bbg] Ac
= 80 2.0
5
o s
EL 60 15
40 1.0
20 0.5
0.0

CK P p, P, P, PP cCK P P, P P P P CK P X . P, PP
Ab R Treatment Ab R Treatment 4bFf! Treatment

2 BERINXS R R AUEEM A C/N, C/P #1 N/P Ky R0
Fig. 2 Effects of phosphorus addition on C/N, C/P and N/P of mature leaves and fallen leaves

(a) (b)
50 — - 60 — -
3 7L MS P A PA =] [ AAmMS P Al PA *
L 45 T AN RS I GS NS| < S5 ESEAUIRS I GS NS
2 .Y WS P VI % I35 PAXGS * o 5o W RO WS P VRAN % IK/35) PAXGS NS
~ (=9
£ =451
CZ; 35F ?F; 40k Aab AaAap,
"‘ﬁ'g AaAaAa Aab ) 2 Aa Aa
miE 30 Ab Aab Aab Abe BB 35Mbe, Bb
R0 ABcd e A30Abe Ap Aab Abe = g 'Ab Ab Be
M C H
=5 25 Ab A | XS 30 Al Ao
=k Abepe | g, Bbe de = & H Abe ¢ 77 ad Ac
g 5 20K #3220 Ac
= 15 S 20K
153 H S
= 2 154
H =}
oen 10 §_ 10H
Z S5q a:? s U
ol ol
CK P P P P P, p CK P p p P P, p

5 6 1

’ Qb I T’w‘reatmem4 ’ RbFH T;eatment4

B3 BEAmA R N,PERERER M
Fig. 3 Effects of phosphorus addition on leaf N and P resorption efficiency

2.4 BERAMRAFNERUHESHFC,N,PE C.N,P & EYEH T EAAHK(P<0. 0D (K 4a,b,

ERYFEIELAEXNE o)L, S E M B C/NF C/P 2 3 1E A8 56 (P<<
T8 O X R 2R ORI R & B 3 43 E UK 0.0 (& 4d,e).
BOR 5 A B ATAs B e B CLNL P & ke PRE 5 st B P & i 5 i 3% 15 A ¢ (P<

ThaE B AT 1003 43 B, 45 10 A DG 1810 5 # (IR 4-5) 0.0 (K 50, 5 gl i C/P 2 # i 2% i A ¢
5 R R NRE 5 il 5 C & & & 7 AH 6 (P< (P<<0.0D) (Kl 5e), 5 Wiz it 5 N/P £ 1 2 7 A1 ¢
0.05) (E 4a) , 5 M /5 P35 & 22 0 i 2 1 AH ¢ (P<<0.05 (K 5D, PRE 5y M P& & Sk i
(P<<0.0D (Kl 40>, 5 Wiz i C/P A N/P 24 i F ML (P<<0. 0D (E 50), 5 A C/P,N/P
FIEH L (P<<0. 0D ( 4e, D . NRE 58 7% - F %R IE A & (P<<0. 01) (8 5e, )



N,
954 oM ¥ W 934 %
a b c
@ ®) ©,.
- - .
= V= -0.067x + 50355 = N
% . 9 FE % o y= 0382 +27.858 % s
Z. 28° . Z.28- ) KB =) 5 .28 . .
g g e oo e o o E . o “
-3 Fom 5 = w s S Hey
EE Genre  BE ém EE =-1.603x +31.937 Genre
22 AL =2y, AL =2 4. b1 AL
g ML E2 ML =8 - B
i B i B 8 B
®Q o . g . . ®Q e
2 y=-0035v+36%04 o © G y=-1290x+ 34652 5 .
2 20- P<0.01 ~+ 220-P<0001 S0 ° 220- —
5 . 2e 5 - 5 -
g ° 2 2 y=-2491x+32.74
z z £ P01
16- | | 16- | | | 16 1) | | | |
350 00 6 8 10 12 3 i 5 6 7
I Btk 7 it Leaf total C content/(mg-g ') Iy S0 it Leaf total N content/(mg-g ) I 4 % ik Leaf total P content/(mg-g™')
(d (e) ®
3 24 L ] 3 32: 3 2j
< £ =
T 28° y=0.063x + 21266 Z 28 3 28
5 W 5P | oy I
fon) w5 LU o pSid)
e gsnre g »=0 Genre  EBE y=6904xF Genre
SEu AL Z £ 2. 001 AL Z2 54 P00l o AL
& é 3 ML S é ML EE ML
M_% &’ ° M_% °e M"’%
R °e =0433x+5.030 BT e o g 5. - .
g2 I Ry o »= 0135+ 10060 0 °® y=2320r+290
? o1 ? P<0.01 §o P>0.05
z = £
16 10! ! ! ! ! ! 16- ! ! . 16- ! |
30 35 40 45 50 55 70 90 110 20 25
I s L Leaf C/N B L Leaf C/P I 2 L Leaf N/P

4 HECN,PEERUEFHEFESEERBNENEXENE
Fig.4 Correlation analysis of leaf C:N: P stoichiometry with nitrogen reabsorption efficiency
T < P T 5 b DY B0 P 38 25 418 bk 2 TR 9 A DG 38 DR B2 5 45Xk Wl 05 i 5 AL S 9 i o, MIL A Jr o P=>0. 05 8 JE i 3 25 5%, 0. 01<<P<<
0. 05 35 22 5+ , P<C0. 01 #1 P<C0. 001 i B2 22 53 T[]

Note: The data in the upper panel of the figure indicate the correlation among the indicators; The formula is the regression equation; AL is the

fallen leaves, ML is the mature leaves. P=>0.05 indicates no significant difference, 0.01<ZP<C0. 05 indicates a significant difference, and P<C

0. 01 or P<<0. 001 indicates a highly significant difference. The same as below

30+

SR

—~
o
=

40+

35:

30+

25+

20+

adieies
Phosphorus reabsorption eficiency (PRE)/%

35

25-

20+

g0, o

hand bl ]
y=-0255x +38.551

(b)
§ 40-
2
&
- L]
V=0.036x +16.357 — 35
P>005 . P
BNk Genre 3¢
AL £ = 30-
ML =
© t
)
oree EE s
SSe %
»=0003x +28.053
7>0.05 £ 20-
f i =
350 400
I Jy B 2 ik Leaf total C content/(mg-g ™)
(e)
£ 40
2
[ 4 &
- 35-
c f Tt - 01420435363 ]
ESI
Genre # 5
AL gvg 30-
ML ﬁ‘;
=2
g
£
P>0.05 520
2
30 35 40 45 50 55
I}k UL Leaf C/N
5

T y=0.733x+23.004

. y=-0235x +47.537

Posse | o

-
®e

. o
e e e ®y=0682c+21649
P>0.05

6 8 10 12
Iy %0 & Bk Leaf total N content/(mg g ')

P<0.01

. &
=
y=0216x+7.734

70 90 110
IRk L Leaf C/P

(©
£ 40-
& -
&  y=-2308x+37.782 oo
35- P>0.05 —+ - =
Fm - "
Genre ’:{é” énre
AL & 5 30- AL
EM=e
ML = =2348c+17.042 ML
£
] 25-
.
2 20- d
= T T T 1 1
3 4 5 6 7
I 4 S & hit Leaf total P content/(mg g ')
£40-
E
&
5‘35 |
ES Ea
Genre 2 Genre
AL 530+ AL
MLZE  y—7845c+46 ML
=& P00s  °
EL25-
2
@
2
£20-
2
E
=

2.0 25
I L Leaf N/P

MHAECNPEERUFITEL SHERKBENEXELS

Fig. 5 Correlation analysis of leaf C:N: P stoichiometry with phosphorus resorption efficiency



%3

IR T 5 < BRSO A AR R A i R R TR 2 S O8O B 5 955

3 it

3.1 MAFSSERENZEITEFMENBRMAY
i) iz

ARG K IR, AR B 5 P& 0 C NP A
St PRI, 35 5 S T S R AR AR R e A
MR C & e PR R B, N R % 2 7 Py ik 2
T, FMYE R R C P E iR AE PO AT fem (& la-
Do BWEAE BT R i P AT 4R T R ) R
BEVE C NP & ik, FAEZEE B R, P ik by
L R S R SOREAE C,NL P & i 2 e s
BEAR MAR fh b 38 . AR 5T 25 SR 5 5 00 25 0F 9 &%
BB 2SS X JEH TARMR PRI & &5 ML
S ELAIF 98 X G2 A 9 IX S 3 77 1 22 5, ek, o
St P 2 5 e AR ) A 9 R L DT R I I R AR
SEAYROCE R TR AT YRR, R
TR, iR C NP &t pl 2 B A
FoGRAEANRERNBSFE —Ex25 ", &K
WFFE R BRI A C N P 3 ok 52 BURG 3630 <<5¢
AU <FLAMW, B C o R Rk K %
e A /N | et s PR, T N T P i 10 FR 2 3 5
i 42 K (Bl 1a, b, o), 3X 55 8] R 0864 1) BF 5 AH A
Reich 55 53 50 0F - 5 7% 43 & it 5 R 26 K SR g
Z IR A e R o i b C N P i B AR
S HE ) T I ER B 1 3 S . C AR R A f Ak
AR A A K R B R A B A Ak i B b i R
VR A E PR 325 W R B AN NUR P AR Sk Al
Yy 1A 9 1 T RE R T, A R AR K A AR v L AR
b 52 SR8 R W A O . A A A K R B e I
FER & N AP & s H A 8L 1E & s

FEY) C/N L C/P 3w H I #& 547 N AP iy [7] £k
CHIfE T, e T AH Y% N AT P 35 20 09 B FH 3 R 5
B C R, ARBESE R BOR A R C/P 5
PR R C/P I C/NE B AR 52 F B 25 ([T 2D,
d,e), B P I AE 2F T R 2R X g 1) W s R %, A
MR T C/P A" i C/NAE T B nTBEZ N P
JneT AGE SEA AR R A K AR E L, NI BE I T R
Yixt R R R W R AR EE
R A SAERKEFTISR A EEY IR
B, S BRI C, N, PAL2E R R AR AR B AR
FERBL, M C/N R C/P i 5 80k 8 0 = 58 20
=SB CE 2 AR B 45 R 5 418 TS g
SERMAT . WL REREH T AEAEK LB

BREB T KoK E Y, NFLA B A, B
ORI B N R P & i 2z 20 B AE N T R, S
FHoik B C/NFIC/P WA K B 4 B R B LT
PO R R BOR M B C/NAIC/P 8 8784k F 5
NHP & atF 57 YR N/P AL WE ) 0 5% 55
FRAS LY Y N/P<<14 W) M4 K F 352 Nt
FBRE ;Y N/P>16 0 A0 E2Z P xR Rl Y
14<<N/P<<16 i} , M ¥4 K Z N LR fl P oo & 1y 3t
I7i) R ol 55 AN A2 3% 40 BRI 2 o A B SE op, BLE  F
N/P &5 Bl 7E 1. 80~2. 51 X [a] , 7% it B N/P {5 1
FI7E 1. 95~2. 82 X 6] (& 2c, ) , ¢ W 35 1fF i 25 5 3
RAEIZH X ) K R Z NI K W R H . teah,
Frt i N/P 7E P A B R 5 0 > 58 AU > FL 3
W1, HoA AR FE R N/P % ks 52 80 58 AU > 2L AU > A
BT CE 2¢, D, R B P U TT 8 25 {2 S AE W) % P Y
Wi N ) 0% il AS ) AR B B B NP & AR AR
b, 72 5E 20T, R T RE 3G i P I Ok fE b
BB, TS5 550 N/ P A 42 v 1 AE 7L 200 A A
B, B A AE YR PR SR U8 3P EE A B A
PR N P & & B N/PZE B R,

3.2 M IRy 2 IR M B 2R X B AN O A i) Sz

TEA W) ) BEAS A R B B, A ] A 4 B0 X 5%
G3HFE SK A T 25 R X 5% 4 00 BUER R E R i e )
AR A [R], B 4 3 B AS TR) A9 3% 43 1 W
RS o X F R A AR A RN L R 4 T
AN B B 25 5 R v i AR R g Y
AWFFE A P A AL B R, i 5 NRE fil PRE 78
25 11 38 TG i 2 M 22 R (1 3a,b) o ARIFR R W
FLBR N T G A B 2 22 5 9 40 RN H R 4y
WA 5 AR 15— 8. Zhang 287 R B, 0 A 7R
LR T R B, IR A T R B RO
B =T T N A SN O A ST SO
I 47 R A0 8 A K S W 45k s B R
fi% | 240 MBS R 284, % 4 T WRORCRK R IR T BRI . A F
FEE R G NS AAT , — J7 1 0] e 5 A ) AR RO
W IR AR R R R AR G, O — T T AR B AR
Ao ) B 2 2 R A AR ) Hh RS B e O K A,
ARG R ERETFHYNENERKNE . S
Wy T AE BR800 3% 43 S5 A AR AR AR A I F) AR 4 X
% 70 F 1 SR R S FRARYT . AR RS i
NRE Fifi P78 035 52 26 B A1 5 385 0 7 AR 00 i 34, 4%
Jiti P RS E R A9 A NRE £ 85 CK UG 2 % 1 2 F ol



956 B

S 34 4

i F CKCE 3a) . M A NRE AR AT fE 2 K it P 4
TP R (R B AR SR 4R R Y AR MR I N
R, DTl i e DA - S WS 22 N R AR T A AR 6T
HA B A K . i PRE BE P 3 in &2
e 1N 5 AR B R B P AR BER 4% B eE A
PRE ¥ 3k 5| 45 @ (K 3b), R 7E P, 5 P, AN HE T ] g
I 32 4 %t P W R R S s R P TR
WeRE gy, i PRE 3§, 1t B 5 P S i & ik ) 45 22 1Y
i, R % A0 3K B P IR iR A, 33 PRE A B
BaomEE BREAL . Y PRI B B AR )6
P 21 W N PR P A 3 i L L i P
B 2 IR R A K AR S5 RS Chen
SRS S v B PR 23 BRI A ) N A P R Y
SERH B

3] MAAZHEFESHFIERKLEMNE
Xk

R 1 el R A v 1 s L
PG RS = A R AN & € 4 L&
SR A A 2E T b= AR GRS . oY R B, A
W35y EWORCR 5 I R 3240 f s AR OC 0 AR
WEFE R, B AR A NRE 5 3820 & i 52 fA 56 (A 4a,
b,c)(P<<0.05) ,PRE 5 8 M F P & & 2k B &
IEAH X (P<<0.0D), 5% 7 P& & 24k B E 7
A (P<C0. 0D (B 500 0 A 58 45 2R 5 1 A58 45
FERFE, v BE R R it P A A A K AL Z N
BRI, 52 + 3 374y AW F B AR K A B AR A
SRR TG R WS . 5750 3RO 4E 5 1 )
fl 2 it P i bl 5 EEAERY . ARBESE T NRE
5 j C/P AN/ P 2% i 3 1F AH ¢ (P<<0. 0D
L R C/NFC/P 2 M 3% 1E A 6 (P<<0. 0D
(1 4d-D; PRE 5 BN - C/P S b 2 17 A G (P<<
0.0, 5 N/P 2 & 3 A1 & (P<<0.05) , 5 i 7% it
J C/P HIN/P &2 M 8 35 1 A ¢ (P<<0. 0D (] 5Se,
Do EARE N BSR4 IR ACR SR
A B i R IE A OGS R i 5 AL
AR A A T R L SR AU OE R X AR AR
FARF o Bh/INBESE A Sy o R e 3R 4 R R
5ot g bt g I R A O B
KA R M A NRE 5 0F B C/N it N/P
SRR FEMEKER, MM A PRESH A C/N & B3
MR LR B o4 15 AR 5T 45 R A7 7
225, A RE R R A P AN 2 AR A A IR D R

ORI R AN TR o AT, 5% TR 3R 0 E U
B S A Y I SN BRI PO R S
A 5T 2 4R P AE 2 S IE SR 9RO FE IR OR A
T PR ARAE , PR, BEER AT i 3 2 [A] A i K
KRGO — 25 TP e S BT

4 g

I Y 0 P S 0T AR i 7 e 2R R AOR AR N SR
Far RS HERBICENEA . HH C, N, PR
FUE B A Py(60 kg-hm #) /K F ik 8 fe i, iF F
WU R R TE Po(45 kg-hm 2) K F R 35 3 d5 55 5 i
SR G AR WA ) s 2 2ok R b g i A 1T AN [
RN D N O Ry T R )
RN o BE W IRCR 5 R 3R e i R O
KRR, Gt e 5 A OCOC &, Wl
W 5 R R A 2E T b A DGR R
5% A Aot i e R OE A C R . AT
SE W T AEYIAE P S IS5 AT A [e) s s 300 3 7 A B
() AR A ML, Ay e 2 b X B b A 25 2R G0 R M it FH AR
BF R 2 B8 52 O AR T O B K -

S % Uk

[1] NIKLAS KJ,COBB E D. N,P,and C stoichiometry of Eran-
this hyemalis (Ranunculaceae) and the allometry of plant
growth [J]. American Journal of Botany, 2005, 92(8) : 1256-
1263

(2] D8, ELM . - RGO AR A S A R S
PRI IA F (R DA RE L], Bk 274, 2011,20(2) : 244-252
YANG H M, WANG D M. Advances in the study on ecologi-
cal stoichiometry in grass-environment system and its response
to environmental factors[J]. Acta Prataculturae Sinica, 2011,
20(2):244-252

(3] WS, & HAT, TL0M, 45 By ks i o ISR 1 i il R R
Mg it R AR R R T [T]. bR, 2024, 32(12)
3774-3787
XING H,WU R H, YU H B, et al. Stoichiometric characteris~
tics and influencing factors of carbon, nitrogen and phosphorus
in leaves of steppe plants in xilingol[J]. Acta Agrestia Sinica,
2024,32(12):3774-3787

[4] HERBERT D A, WILLIAMS M, RASTETTER E B. A
model analysis of N and P limitation on carbon accumulation in
Amazonian secondary forest after alternate land-use abandon-
ment[J]. Biogeochemistry,2003,65(1):121-150

[5] GUSEWELL S. N:P ratios in terrestrial plants: variation and
functional significance [J]. New Phytologist, 2004, 164 (2) :
243-266



%3

X

I 45 < A8 T X B R i R A2

TREAE 5 43 F R SCSR (1) 5 Wi) 957

[6]

[7]

[10]

[11]

[12]

—
—
w

[}

—
—
i~

i

[16]

PR AR iéIEE,%. ﬁj:ﬁlﬁlxixlﬁlﬂfbﬁﬂﬁ%ﬁﬁ
R A AL AT B R AR B O OB TR g L[] AR AR
2016,36(20) :6420-6430

QID H,WEN Z M,WANG H X, et al. Stoichiometry traits of
carbon, nitrogen, and phosphorus in plants of different functional
groups and their responses to micro-topographical variations in
the hilly and Gully Region of the Loess Plateau, China [J].
Acta Ecologica Sinica, 2016,36(20) :6420-6430

XNE, Rr, AR B WA A AR T2 R A i
BB BE AL SR T A RO (D). AR IR BT AR, 2020, 29(7)
1302-1309

LIU X J,SHAN Q, LI Y Y. Leaf carbon, nitrogen and phos-
phorus stoichiometry in 72 understory plants species in kanas
taiga[J]. Ecology and Environmental Sciences, 2020, 29 (7) :
1302-1309

A HF . R F LU AS R TR A 40 B 94 I R Ak S T e R R ) TR
WeiFgE [ D], P FaAbRARRL S K2, 2023:12-13

CHEN H X. Study on leaf stoichiometry and nutrient resorp-
tion of plant communities at different elevations of taibai moun-
tain[ D]. Xi'an:Northwest A&.F University, 2023:12-13
BRANT A N, CHEN H Y H. Patterns and mechanisms of
nutrient resorption in plants[J]. Critical Reviews in Plant Sci-
ences, 2015,34(5):471-486

KILLINGBECK K T. Nutrients in senesced leaves:keys to the
search for potential resorption and resorption proficiency [J].
Ecology,1996,77(6):1716-1727

OGAWA T,0IKAWA S,HIROSE T. Nitrogen-utilization effi-
ciency in rice:an analysis at leaf, shoot,and whole-plant level[ J].
Plant and Soil, 2016,404(1):321-344
WANG Z N,LUJ Y,YANG H M, et al. Resorption of nitro-
gen, phosphorus and potassium from leaves of lucerne stands of
different ages[ J]. Plant and Soil, 2014,383(1):301-312
VRHIR, BT, AR LA U AL 5 R A AR
LA R R IR [T ], ZRAR TR, 2024,40(4) : 29-38
XULY,WEITC,WANG J Y, et al. Effects of nitrogen,
phosphorus, and potassium fertilizers on the chemical stoichio-
metric characteristics of roots and leaves in seedlings of amor-
pha fruticosa[ J]. Forest Engineering, ,2024,40(4):29-38

Rl I . i R W o B g AN T A B B B S AR A T e SR
RS (D], 22 M 2= M K%, 2019:23-27

LU JTY. Effects of N and P fertilizations on leaf nutrient resorp-
tion of alfalfa at different growth stages in the Loess Plateau[D].
Lanzhou: Lanzhou University, 2019:23-27

UK WA, X HE TS L 45 . S 6 7 G i D s 98 )
BRALSF AT b AR, 2022,30010):2721-2728

HAN B, GENG Y Y, DENG Y F,et al. Effects of nitrogen
addition on soil phosphorus fractions in an alpine meadow of
Qinghai-Tibet plateau[ J]. Acta Agerstia Sinica, 2022,30(10) :
2721-2728

RE WL, BRTAF AN [ e RS A T R R R A TR
Ao AR [T]. Bk 241, 2011, 2003 : 219-224

YU A, YANG F, ZHANG Y, et al. Influences of different

[17

[18

[19

[20

[22

[23

[24

]

[}

]

]

[l

[}

]

[

phosphorus concentrations on the root distribution of Stylosan-
thes and black seed Paspalum [J].
2011,20(3):219-224

Je o, gk A, WA, AF . ZUBRIE XS 3 MR Y A KO
B R [T]. Bk A4, 2019, 28(5) : 171-177

LONG H Y,ZHANG D,ZENG L P, et al. Herbage accumula-

Acta Prataculturae Sinica,

tion, and nitrogen and phosphorus absorption responses of three
forage species following addition of nitrogen and phosphorus fer-
tilizer[ J]. Acta Prataculturae Sinica,2019,28(5):171-177
ZESLOT . AH AR T 38 5 N AL R SHE R (T]. A
##,2011,46(2):13-16

LI L. Q. Research progress on adaptive mechanism of plants
under low phosphorus stress[J]. Bulletin of Biology, 2011, 46
(2):13-16

ZHU J X, WANG Q F,HE N P, et al. Imbalanced atmospheric
nitrogen and phosphorus depositions in China: implications for
nutrient limitation [J].
geosciences, 2016,121(6):1605-1616

IVERSEN C M, BRIDGHAM S D,KELLOGG L E. Scaling

Journal of Geophysical Research: Bio-

plant nitrogen use and uptake efficiencies in response to nutrient

addition in peatlands[J]. Ecology,2010,91(3):693-707

FAESE, A S, BAR AR L AT BRSO I R 2R AOR A A
TR A RS A R AR AR R [T ]. I G A,

2024,46(1):37-46

WANG J H,HE K Y,BAO G S, et al. Effects of phosphorus

addition on biomass and ecological stoichiometric characteristics

of organs in Poa pratensis var. anceps gaud cv. Qinghai[J].

Chinese Journal of Grassland, 2024 ,46(1) : 37-46

FREN L, B 5 BT A5 W, A I X e T R i O e 4 A

Ko JEE BT S W i 25 AT o [T, Bl %4, 2020, 29(9) ¢

85-93

GUO JB,ZHAO G Q,JIA S G, et al. Comprehensive evalua-

tion of effects of fertilization on grassland quality index and soil

properties in alpine steppe[J]. Acta Prataculturae Sinica, 2020,

29(9):85-93

e . B VAS INRS T e 25 R OR FR A U s (D] 7Y

T H MR, 2021:12-15

ZHANG Y. Effect of phosphorus addition on nutrient reabsorp-

tion of Kentucky bluegrass [D].

2021:12-15

JERE R, L BN, A R RS UL 2 R A Ak

FTHEREAELT ). HLRE, 2024 ,41(7) 016791689

ZHOU LM,LICH,TUD J,etal.

Xining: Qinghai University,

Stoichiometric characteris-
tics of Roegneria yushuensis in different growth periods [J].

Prataculturae Science,22024,41(7):1679-1689

JEV o s G L AR T EACAE B I R S A R R
SR TREA T, P E SR, 2021(1) :262-272

ZHOU X R,ZHANG L P,JIANG P, et al. Dynamics of dry
matter and nitrogen, phosphorus, and potassium accumulation
andnutrient requirements in the growing period of Lyceum
bararum in Ningzia[J]. Soil and Fertilizer Science in China,

2021(1):262-272



958 A - $ 348
[26] SARDANS J, RIVAS-UBACH A, PENUELAS J. The P BEASNAR RE[T]. BEL A 2022,39(11) 1 2414-2423
elemental stoichiometry of aquatic and terrestrial ecosystems HE K Y, WANG J H, ZHANG Y, et al. Effects of phospho-
and its relationships with organismic lifestyle and ecosystem rous application on the morphological characteristicsand bio-
structure and function: a review and perspectives [J]. Biogeo- mass yield of Poa pratensis var. anceps ‘ Qinghai’[J]. Pratacul-
chemistry,2012,111(1):31-39 turae Science, 2022,39(11):2414-2423
[27] %4, SUs , 2 M . B BRI B i s Y A THAS [ AR 30 6 oK (361 2B, WA, R SCBR 45 . 77 8 oy Dt o 9 0 b o DL A 4y R
MRZE A S A A ARAE [T ] K R FFIE ST, 2018, 25(2) X RS R R [T ] JERUR A A CA AR A RRD L 2017,
112-119 53(3):535-544
LUO Y, GONG L,LI' Y M. Stoichiometry characteristics of LIY,LINL,ZHU W Y, et al. Responses of leaf traits to nitro-
root, stem and leaf of maize in different growth stages in the gen and phosphorus additions across common species in an
upper reaches of the Tarim River [J]. Research of Soil and alpine grassland on the Qinghai-Tibetan PlateaulJ]. Acta Sci-
Water Conservation, 2018,25(2):112-119 entiarum Naturalium Universitatis Pekinensis, 2017, 53 (3) :
(28] Rl 2 . i 8 W S XoF B g DS [ A B B SR AE T A 0 7 3R 535-544
IR (D], 220 2= N K%, 2019:41-53 [37]) WSS, BT Lt . AA3RLE S5 843 BT AL CCF AD [l B
LU J Y. Effects of N and P fertilizations on leaf nutrient resorp- W AR 2 2 R TR TS [T ], B PR ST,
tion of alfalfa at different growth stages in the Loess Plateau[ D . 2011,32(7):1258-1264
Lanzhou: Lanzhou University,2019:41-53 BEIM R,LUO X H,YANG H Z. Simultaneous determination
[29] Bz B Asar  mptly 55 . AW T Rl 37 0 T R SO A R of nitrogen, phosphorus and potassium in rubber leaf samples by
Hias Pk oo gk 7], "l 2%, 2018,27(4) : 178-188 AA3 continuous flow analyzer (CFA) [J]. Chinese Journal of
LU JY,DUAN B H, YANG M, et al. Research progress in Tropical Crops,2011,32(7):1258-1264
nitrogen and phosphorus resorption from senesced leaves and [38] YUAN Z Y,CHEN H Y H. Negative effects of fertilization on
the influence of ontogenetic and environmental factors[J]. Acta plant nutrient resorption[J]. Ecology,2015,96(2):373-380
Prataculturae Sinica,2018,27(4):178-188 [39] EW, & = AR B0, 45 . AE W AR K b S0t A o e iy R TR
[30] ESTIARTE M,CAMPIOLI M,MAYOL M, et al. Variability WEARE SR 2R e [T]. Bl 224, 2025,34(2) : 1-14
and limits of nitrogen and phosphorus resorption during foliar LV N,GAO J X,LIZ T,et al. Effects of fertilizer application
senescence[ J]. Plant Communications, 2023,4(2):12-18 during mid-growing season on vegetationcommunity biomass
[31] s3c. rp R 3 B 3l AR AN ) 26 4 B B e 33 40 8 I and species diversity in meadow grasslands[J]. Acta Pratacul-
FHE[D]. N - i AR bR 27, 2022.:45-57 turae Sinica, 2025,34(2):1-14
GUO W. Leafl nutrient resorption in main afforestation tree spe- [40] AERTS R. Nutrient resorption from senescing leaves of peren-
cies with different stand age in mid-subtropical China [D]. nials: are there general patterns?[J]. Journal of Ecology, 1996,
Fuzhou: Fujian Agriculture and Forestry University, 2022: 84(4):597-608
45-57 (A1) Sih , okalie, B8, 45 IR AR TR A IX 5| HEJRE A0 A 25 40
[32] s, 4228 R, &5 AR I 0r 3 0 g 25 L OR TG AR C N PAEBM A A R AR AR AR AT S [T]. T 5 st AR B
S 4 B R G i DY R e BT (7). RS, 2017, 26(12) 5¢,2023,41(1):160-168
98-107 WU H,ZHANG Y,JIA Z F,et al. C, N and P stoichiometry
SHI Y,NIU K J, YU Q Q, et al. Effect of freezing stress on characteristics of oat cultivarsin eastern agricultural area of Qing-
ROS metabolism and cold-induced genes in Poa pratensis var. hai Province[ J]. Agriculyural Research in the Arid Areas, 2023,
Anceps cv. Qinghai [J]. Acta Prataculturae Sinica, 2017, 26 41(1):160-168
(12):98-107 [42] REICH P B,ELLSWORTHD S,WALTERS M B,etal. Gen-
[33] FEF, Ber ik, sk, 45 . o R M 25 00 B w35V e 22 erality of leaf trait relationships: a test across six biomes[J].
HEOR I E [T]. B4R, 2008, 16(4) £ 328-335 Ecology,1999,80(6):1955-1969
ZHOU Q P,YAN H B,HAN Z L, et al. Taming breeding of [43] MAO D M,MIN Y W, YU L L,et al. Effect of afforestation
Rhizom-type Forage Variety Poa pratensis L. var. Anceps on microbial biomass and activity in soils of tropical China[J].
Gaud. cv. Qinghai in Alpine Area[J]. Acta Agrestia Sinica, Soil Biology and Biochemistry,1992,24(9) :865-872
2008,16(4):328-335 [44] SARDANS J, PENUELAS J. Drought changes nutrient
[34] ZE0g sk d, v i, 5 . Sl L B ol 3 7 e I v 9 ) sources, content and stoichiometry in the bryophyteHypnum
ARG W], BT AR, 2022,33(1):51-58 cupressiformeHedw. growing in a Mediterranean forest [J].
LIW Y,ZHANG Y J, SHEN R N, et al. Ecosystem carbon Journal of Bryology,2008,30(1) :59-65
uptake was co-limited by nitrogen and phosphorus in alpine [45] BIERA . ORERISE 3 w52ty ) B Al ) A8 A Ak Af 1T

[35] faf sed , A58, ok lie, 55 .

meadow on the Qinghai-Tibet Plateau[J]. Chinese Journal of

Applied Ecology,2022,33(1):51-58

RRERSZIR D], WERIERE N5 K, 2021:7-18
HU J X. Effects of mowing and nutrient addition on eco-stoi-

chiometric characteristics of typical grassland plants in Inner



%3

IR T 5 < BRSO A AR R A i R R TR 2 S O8O B 5

959

[5

1

[t}

[l

[52]

[5

3

[}

[l

[t}

Mongolial D . Hohhot: Inner Mongolia University, 2021:7-18
Zhang X J,Lu T Y, Sun H L, et al. Effecths of nitrogen and
phosphorus addition on nutrient stoichiometry and resorption of
Fraxinus mandshurical J]. Trees,2019(32):383-391

LIU H, GAO X H, FAN W S, et al. Optimizing carbon and
nitrogen metabolism in plants: from fundamental principles to
practical applications[J].
2025,67(6):1447-1466
S XUAE S AN [ A 0 e o RO e R LA
HRHEBSELT]. Ak 5H0R 2022, 42(13) :22-25

ZHANG Y,LIU J,PENG B. Study on the contents of carbon,

Journal of Integrative Plant Biology,

nitrogen and phosphorus in Agropyron cristatum in different
phenological periods and its stoichiometric characteristics [J].
Agriculture and Technology,2022,42(13):22-25

A AR ARG VL R A BT T I X 6 b R R A et
JC:N:PAE IR R R A2 [T ], R A 245 274, 2013,
37(4):317-325

NIU D C,LI Q,JIANG S G,et al. Seasonal variations of leaf
C: N: P stoichiometry of six shrubs in desert of China’s Alxa
Plateau [J]. Chinese Journal of Plant Ecology, 2013, 37 (4) :
317-325

RERMR, T BB S NS SR R EURT) I 1 e R
AL AT AR AE R S A LT, A AR A, 2020, 44
(11>:1138-1153

XIONG X S,CATH Y,LTY Q, et al. Seasonal dynamics of
leaf C, N and P stoichiometry in plants of typical steppe in Nei
Mongol, China[J]. Chinese Journal of Plant Ecology, 2020, 44
(11):1138-1153

KOERSELMAN W, MEULEMAN A F M. The vegetation N:
P ratio: a new tool to detect the nature of nutrient limitation[J].
Journal of Applied Ecology,1996,33(6):1441-1450

TESSIER J T,RAYNAL D J. Use of nitrogen to phosphorus
ratios in plant tissue as an indicator of nutrient limitation and
nitrogen saturation [J]. Journal of Applied Ecology, 2003, 40
(3):523-534

MIAO S J,QIAO Y F,LIU X B. Effect of nitrogen/phosphorus
ratio on biological characteristics and organic acid exudation in
soybean roots: effect of nitrogen/phosphorus ratio on biological
characteristics and organic acid exudation in soybean roots [J].
Chinese Journal of Eco-Agriculture,2011,19(3):593-596
AR R B, MR A R [ PR T S U R R B
HCN:P A R AELT]. N 5 2R/ W) 2 4k, 2015, 21
(3):522-527

DENG HJ,CHEN A M, YAN S W, et al. Nutrient resorption
efficiency and C: N: P stoichiometry in different ages of Leu-
caena leucocephalalJ].
ronmental Biology,2015,21(3):522-527

ZHANG M X,LUO Y,MENG Q Q, et al. Correction of leaf

Chinese Journal of Applied and Envi-

nutrient resorption efficiency on the mass basis [J]. Chinese

Journal of Plant Ecology,2022(6):1125-1132

[56] Blhitg =, BOIRar ity , 55 . R R0l 37 20 o OO R A

[60

[62

[63

[64

[

]

[t

[l

[}

]

[

FCRERLHIAT S BERE (], Bl 24, 2018,27(4) £ 178-188
LU JY,DUAN H B, YANG M, et al. Research progress in
nitrogen and phosphorus resorption from senescedleaves and the
influence of ontogenetic and environmental factors [J]. Acta
Prataculturae Sinica,2018,27(4):178-188

KSR it A X R DA e S AR R R R A
W[D]. 22 M- 22 M K%E, 2016:47-54

ZHANG J R. Effect of fertilization on nitrogen and phosphorus
reabsorption of plants in alpine meadow of Qinghai-Tibet Pla-
teau[ D]. Lanzhou:Lanzhou University,201:47-54

PENGYU L, JIAPU L, YICHENG H, et al. Response and
mechanism of plant leaf nitrogen and phosphorus resorption effi-
ciency to nutrient addition in an alpine meadow [J]. Journal of
Beijing Forestry University, 2024,46(1):93-103

FAREE A, T, SR A BRI SR 2 i Al
FAF R LRI OCART]. Rk ,2019,28(11):177-183
WANG Z N, ZHAO M, YANG Y, et al. Relationships
between alfalfa leaf nutrient resorption and stoichiometric ratios
of nitrogen, phosphorus, and potassium[J]. Acta Prataculturae
Sinica,2019,28(11):177-183

CHANG Y J,LIN W, WANG W, et al. Nutrients resorption
and stoichiometry characteristics of different-aged plantations of
Larix kaempferi in the Qinling Mountains, Central China[J].
PLoS One,2017,12(12) :e0189424

KOBE R K, LEPCZYK C A,IYER M. Resorption efficiency
decreases with increasing green leaf nutrients in a global data set
[J]. Ecology,2005,86(10):2780-2792

BiNBE ARZEHE ACRRNS . M R R MR N P UK IR SIS 1l
S R I R LT). MIPIRL A2, 2023,41(2) :193-203
ZHONG X Y, REN Y W, YI H P. Coupling relationship
between nutrient resorption and stoichiometric ratios of N, P,
and K in Setaria viridis (1..) Beauv. leaves[J]. Plant Science
Journal, 2023,41(2):193-203

BT ok A, P 55 TR MOGE B P B 5 FEAA CPinus mas-
soniana) W 37 53 PR WA S JEA 2 AR AR LT ). N A5 35
B4R L 2017,23(3) :560-569

WEI D P,ZHANG J,ZHANG D J, et al. Leaf carbon, nitro-
gen, and phosphorus resorption and the stoichiometry in Pinus
massoniana plantations with various canopy densities[J]. Chi-
nese Journal of Applied and Environmental Biology, 2017, 23
(3):560-569

AL, MR RERE T, 45 . SRR AR AR -0V ) IR oAk
FIHR S ERORICR[T]. A2k, 2024,43(3) 1 749-757
DENG X H, YU Y H, XIONG K N, et al. Relationship
between leaf-litter nutrient stoichiometry and resorption of Zan-
thoxylum planispinum var. dintanensis at different altitudes

[J]. Chinese Journal of Ecology,2024,43(3):749-757

(GiE%hE &)



