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Abstract: Analyzing carbon ( C), nitrogen (N ), phosphorus (P ), and their stoichiometric characteristics among

coexisting plant organs and between species in artificial mixed plantations not only elucidated plant nutrient allocation
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strategies and environmental response mechanisms but also played a crucial role in constructing stable communities within
regional artificial plantation ecosystems. This study focused on typical artificial mixed plantations in the Loess Hilly Region,
including mixed plantations of Hippophae rhamnoides and Pinus tabuliformis ( HP,), H. rhamnoides and Robinia
pseudoacacia (Her) , as well as pure plantations of H. rhamnoides (H,), P. tabuliformis (P,), and R. pseudoacacia
(R,). Utilizing ecological stoichiometry methods, we analyzed the stoichiometric traits of C, N, and P in leaves, branches,
and fine roots. We quantified intra—organ and interspecific differences using the coefficient of variation (CV) and examined
allometric relationships ( C-N, C-P, N-P) through allometric equations and slope tests. The results showed that; (1)
Compared with P, , the contents of N and P in H P,(P,) leaves increased by 8.42% and 19.65% respectively, and C:P
decreased by 14.58% (P<0.05); Compared with R,, the C contents of leaves, branches and fine roots of Hsz(Rp)
decreased by 8.94% , 4.60% , and 6.64% respectively (P<0.05); Compared with H,, the N content of fine roots in H, P,
(H,) and H R (H,) decreased by 9.81% and 11.52% respectively (P<0.05), indicating that the mixed plantation of H.
rhamnotides and P. tabuliformis enhanced the N and P acquisition capabilities of P. tabuliformis through N sharing, while
the mixed plantation of H. rhamnoides and R. pseudoacacia formed N redundancy, and the C distribution of R. pseudoacacia
shifted from storage to symbiosis. (2) Compared with P,, the CV of C content in H P,(P,) leaves decreased; compared with
R,, the C content CV in the leaves, branches and fine roots of H R (R,) increased (P<0.05). Compared with H,, the CV
of C content in H P,(H,) leaves decreased, and the CV of P content in H R,(H ) branches and C:P, N:P in fine roots
decreased (P<0.05). This indicated that mixed plantation of H. rhamnoides and P. tabuliformis was beneficial to improving
the internal stability of C in the ecosystem, while mixed plantation of H. rhamnoides and R. pseudoacacia helped improve the
internal stability of C in H. rhamnoides, but reduced the internal stability of C in R. pseudoacacia. (3) The C-N of branches
and fine roots of P, and H P (P,) showed negative allometric growth (P<0.05) ; The leaf C-N-P and fine root C-N of R,
and H R (R,) showed positive allometric growth, the branch N-P of R, showed negative allometric growth (P<0.05), and
H.R,(R,) showed isometric growth. The C-N of H, leaves showed negative allometric growth, C-P showed isometric growth,
and N-P showed positive allometric growth (P<0.05), while the C-N of H P,( H,) leaves showed isometric growth, leaf
C-P and branch N-P showed positive allometric growth (P<0.05), and the C-N and branch N-P of H.R (H,) leaves
showed isometric growth. This indicated that the mixed plantation of H. rhamnoides and P. tabuliformis was conducive to
coordinating the distribution of C and N in the branches and fine roots of P. tabuliformis and enhanced the synergy of P in
H. rhamnoides, while the mixed plantation of H. rhamnoides and R. pseudoacacia only alleviated the negative heterocyst
contradiction of N and P in R. pseudoacacia branches. In conclusion, the mixed plantation of H. rhamnoides and
P. tabuliformis exhibited a more stable and efficient interspecific resource complementarity mechanism through nutrient

synergy. The research results could provide a scientific basis for formulating and optimizing nutrient regulation strategies in

regional plantation ecosystems.

Key Words: loess hilly region; artificial mixed plantation; coexisting plants; ecological stoichiometry; allometric growth;

allocation strategy
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rhammoides ) PN B AT HL 58 (it - 365 7 11 5010 1 S5 038, 22 55 e b BEA T 1R S8 1 MRAE B i SRR 2
BT BT, RV BRSEARI TS R 24 th 76 A 2R ARR I LA B bR b K SCR0% 452 17 76 [ 20 b 4 e
I R B Rl bR e VDR 5 A AT R N T IR SRR A 4 B R 35% 43 43 AR Jm R SR AT AT 2

A(N) B (P) SFE TR RYEFAEY A AR K 20 R SETE TR ik (C) MEAE T, 7 A=
K B Up R AR (L, A FE IR RE " . A BRI AR SRS B L LT RE OR S BN P B
GYICTE A A SRR E RSN M A C RIRBK B 3% 43 B, A A I A2 i 3 I R — P 43
e, AR AR A 5 K I3 IR0 5 B IR AWM, = 3 i b ) A SE B SRR Bz Fa— A T Y
SHEAMALTY L C N P ARSI TR AT S B B AR B HAR BOG R  SHE R A A KR 22 57 3P
A5 43 AT RACRE 030G B BR i e 6 B E s Y BESER WL A L AR B R ¢
A RSB, AR C IR, C i T AR E Y IS, Yan S BRI LW
WA A S B AT IR 0 ASE R T3 i, G NP BB T AR, (A WF TS 45 R A B9 N P N:P fE 4R
B E¥ R g5 b ARG T C NP FEAE A B TR A A ML 1 R 8 4 b, HLEL A IS
ZEPT UM, BUAh, d TR IS E XS EHE SR04 5T U BE A RIS R, ELAR B2, AT A 6] 22 )=
W EZHHEE IR B, XTI SEARIAFAE ) &5 B 01375 43 B SR S 7 — L IR AT

3 o S A K IR A ] S AL AR A T SR AP BCALAE T R IR — S B T R A i X R ] AR O
KA it b AR [R)7C 2RI P o e [ R S R RE ) BFFE WD, R RO B BOIE AR B8 B NP 11 S e
RAL WA, 5 B F EARICR  RIURST 2 HO SR PR A [ B A R T IIR 2, A RT AR
C NP S RO R TSR IR AL AR WAl i 13 2P R SR ST ik = K, e, 25 e IX
ET5, TR, AR ASER MG 55 55 A0 DR 2R SR B 2% DX SR S AR [ 5 23 56 8 B LR R, IR, R 5
TP A b XN TIRASHMIEA TR C N (P 45 B 18] 53 BCRRAE B H IR S5EE 1z SR s A BIF S, LSUI DA DX Sl A 1
25 R EIE LAY,

BT, AWTFE LA el X Z VD IR+ A (Pinus tabuliformis) SR (H,P, ) U0+ FIME ( Robinia
pseudoacacia ) RIS (H, R ) IHFFEXT G, IVREIAK (H, ) GHARZEAR(P,) JRIBRZEMR (R,) Xt I, 455 AR A5 1k
i R RBON S I KO R S B 5 0T ik R AR R E (B AEAR) B9 C NP R AT I E
50Hr, BAE: (1) BWIRASHMAE] G E TR C NP 5 i S F i 25 53 FVE 5 4% JRy 5 (2) 34K C-N-P 53
R AR, s IR S I AR R 70 o0 BRI AR R SRN . B ST 2 A ] IR A VG RIR SR 0 A KRB 5
AR AIE SR, o P B XN TR SR T A T fRp 2 288 A8 R (I T B A A ik dl

1 HREXHER

TR A [ P 4 22 2 [X 855 PN 1 22 2 ) 7 A A5 25k (36°51730” N, 109°19°23" E) |, #E4k 1068—1309 m,
JE A A R I AR X, i X AT ORI IR T U AR R 8.8°C AR T K iy (458 +
172.5) mm, H: 3% HE AR KUBRE U & MR B4 1, R34S H 1.15—1.35 ¢/em’ ,pH 8.4—8.6, 5T
XN FEEARARY) A VB A IR AT ( Platycladus orientalis ) 55 3 YA K ) B [ 3£ 3 ( Bothriochloa
ischaemum) FKTEE(Stipa bungeana) RATE (Artemisia gmelinii) 2878 (Artemisia giraldii) 5

BET 2 u vl L M 3050 37 B A [ bt | SRV R+-IAL (H P,) YD+ RIBE (H R, ) TR SR B 0 Ik
(H,) WA (P,) JUIE(R, ) SMHBFIER % 4 REHLE S 2000 45 A BAAG AT M BE 126 T2 K 25 i
(4 7)) HEEARRFE R 1,

2 WMRAE

21 FEARCRESALEE
AR A A L PN B A R 25 28, 42 IR X A/ b AP S ) g - 49 S i 1) S MROPR T AR 3 kT2

http ; //www.ecologica.cn



12186 xR 45 4
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Table 1 The basic characteristics of the sample plots

FEH 2 ] Fo R Wtz Huiz 5L e Moy
Sample plots  Tree species Tree height/m DBH/DGH/cm Crown width/m? Stand density/ ( #k/hm?)
H, VIR H. rhamnoides) 3.46£0.12 5.96+0.33 (2.40£0.12) x(2.29+0.11) 1733
P, A (P. tabuliformis) 3.69+0.09 7.43+0.27 (2.96+0.12) x(3.36+0.11) 1200
R, FIBL(R. pseudoacacia) 7.59+0.65 9.40+1.50 (4.36+0.39) x(4.24+0.32) 500
H.P, VOB (H. rhamnoides) 3.08+0.14 5.43+0.33 (2.01£0.09) X(2.04+0.11) 2650
AL (P. tabuliformis) 4.01+0.17 7.11+0.48 (2.62+0.12) x(2.60+0.14)
H.R, VOB (H. rhamnoides) 2.69+0.10 4.63+0.32 (1.79£0.10) x( 1.80+0.09) 1960
FIBL(R. pseudoacacia) 5.92+0.52 7.80+1.02 (3.36+0.35) x(3.25+0.34)

H_: VPFREIAK Pure plantations of H. rhamnoides; P, . THAAZEMK Pure plantations of P. tabuliformis; R, : Pure plantations of R. pseudoacacia;H, P, DR
HMATRAZ AR Mixed plantations of H. rhamnoides and P. tabulifbrmis;H,Rl, VPP BRIR 22 AR Mixed plantations of H. rhamnoides and R. pseudoacacia;
DBH . f§#2 Diameter at breast height; DGH ; 142, Diameter at ground height; B Y {E b
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foia B A(3) -
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AR T o B LR R BT 12 b< 1 B, UERIR y AT T o AOLR P11
K HI SPSS 26.0 BAF X BAEIEAT 4387, FH Origin 2022 #RAFHEATE AN BRI T IE A 0 A0 F )y 25 55 1
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Fig.1 C, N and P contents and their stoichiometric ratios in different organs of pure and mixed plantations
Py ARSI H, P (P, VB IAR TR SSAR R T s R, - HIBREEM HL R (R,) VIR R S MK RO s H, - WDORETM 1P (H, ) - U+
TFMERASAR A BV HL R, (H, ) < VDR R SE AR P B VB AN TRV PR3 [R] — 2% B UM ORI SEpR 8] 22 57 8.3, AR 'S 5 43R [4)
—aH H, Fl H.R,(H,) A2 5 1.3 (P<0.05)

(11.42—35.13 g/kg) F1(0.84—1.80 g/kg) , % C NP 7 i 5 5l K (466.01—545.97 ¢/kg) . (4.14—17.88
¢/kg) F1(0.37—1.03 g/kg) , 4R C NP & &35k (472.04—505.60 g/kg) . (5.76—29.94 ¢/kg) Fl(0.58—
0.80 g/kg) o AHEL P, H,P,(P,) " N P & 553 14T 8.429%F1 19.65% (P<0.05) s #LL R, H,R,(R,) 't A% 4
MR C BRI 8.94% 4.60% il 6.64% (P<0.05) . #LL H,,H,P,(H, )M HR,(H,) 2R N 7535 A%
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9.81% 11 11.52% ( P<0.05) ,

I C:N.C:P N:P 23504 (13.46—48.87) . (260.93—666.28) F1(13.16—21.74) , B C:N .C:P N:P 435K
(27.15—157.23) . (517.31—1553.93) F1 ( 11.49—19.33) , 44 C:N . C:P N:P 43 %} (16.57—90.05) .
(635.89—866.77) F1(10.31—47.88) , #HLt P, ,H.P,(P,) M C:P [%fik 14.58% (P<0.05), ML H, ,H P,(H, )¥:
C:N FAIK 14.13% , 4048 C:N 34/ 12.15% (P<0.05) s H.R (H,) B N:P FI4IH C:N 40 15.06% 5 14.41%,
MAHAR N:P [%AIK 17.74% ( P<0.05) ,

TRACHRI A AR AY C:N:P {E (& 2 Al 3) , IRZSH H P.(H,) AN[EEE 1 C:N:P 437k 260:19:1
493:19:1 1 711:39:1,H P,(P,) Jy 528:12:1 ,1442:11:1 Rl 767:11:1,H R, (H,) 4 256:19:1 542:19:1 1 705:38:1;
HR,(R)H272:20:1 679:18:1 I 620:34:1,,

rmop

- s
C:N:P =260:19:1 C:N:P =528:12:1
B L5
C:N:P =493:19:1 C:N:P = 1442:11:1
2R AR
C:N:P=711:39:1 C:N:P=767:11:1
H,P(H,) H,P(P,)
B2 HPAEHRE C:N:P&E

Fig.2 The C:N:P ratios in different organs of H P,
- s
C:N:P =256:19:1 C:N:P =272:20:1
L33 53
C:N:P=542:19:1 C:N:P=679:18:1
2R AR
C:N:P=705:38:1 C:N:P=620:34:1

HR,(H,)

B3 H.R, NEHE C:N:PHE
Fig.3 The C:N:P ratios in different organs of H.R,

3.2 4iMRANRESSHMASFEESE C N P & M H T AR 5 R4

M A AR C NP o MR I AR R R CV St S R (R 2), M C NP E i CV il
(6.71%—14.44%) . (7.20%—21.00% ) F11(12.85%—33.55% ) ; £ C N .P &1 CV 535l ~ (4.98%—15.22%) |
(17.70%—46.12% ) F1 (23.83%—35.66%) ; 41H C N P & & CV 435 4 (6.09%—16.95%) . (9.58%—
30.23% ) Fl(14.77%—32.57%) . 5 P M, H P,(P,) M C ik CV AR, 1T P &8 CV 3 1(P<0.05) ;5 R,
A, H R, (R,) M A HIARRY C & BRI A0RA N S LU P SRS CV TN (P<0.05) ;5 H, L, H,P,
(H)W C &t CV AR, B C & CV 34N (P<0.05) ;H R (H,) M C & fIkL P &t CV [#MIK(P<0.05) .
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M C:N.C:P N:P 283 R0 5K (3.70%—24.99%) . (11.04%—27.03% ) F1(11.89%—22.03%) ; k%
C:N.C:P N:P 285 Z B0} (15.79%—39.02%) . (18.81%—26.95% ) F1( 16.74%—51.20%) , 4R C:N
C:P N:P 785 2800 5 M (8.45%—40.97%) , (24.74%—42.70%) F1(20.61%—35.98%) ., 5 P AL,
H.P(P,)HH C:P [ CVIEIN(P<0.05) ;5 R, AL, H R (R,) B C:P I N:P 1§ CV 34/ (P<0.05) ;55 H, #
o, H,P(H,) ARC:PREAR, H R, (H,) ZHAR C:P Al N:P HJREAK(P<0.05) .

R2 AKMEZHARRE CNPEERETELNERRY

Table 2 Coefficient of variation of C, N, P content and stoichiometric ratio in different organs of pure and mixed plantations

- N C Q%E#%%‘ﬁ( N N Q%E#f{ﬁl : p Q%Ea‘%f?%‘ﬁ(
Tree Coefficient of variation of C content/ % Coefficient of variation of N content/% Coefficient of variation of P content/%
s T e i i K i T K i

Leaf Branch Fine root Leaf Branch Fine root Leaf Branch Fine root
P, 12.58a 6.11a 12.51a 17.65a 46.12a 23.94a 20.32b 25.91a 24.80a
H.P,(P,) 9.61b 4.98a 15.78a 15.11a 42.91a 30.23a 33.55a 31.90a 26.28a
R, 7.24b 5.33b 6.09b 15.65b 29.04a 9.58b 24.58a 25.58b 19.66a
H,R,(R,) 11.22a 12.06a 16.95a 21.00a 28.66a 21.95a 31.03a 36.72a 14.77a
H, 14.44Aa 6.22Ab 13.09Aa 9.84Aa 26.36Aa 20.47Aa 16.39Aa 35.66Aa 32.57Aa
H.P(H,) 7.92b 15.22a 13.38a 8.88a 18.18a 17.08a 12.85a 29.54a 24.83a
H.R,(H,) 6.71B 7.19A 10.86A 7.20A 17.70A 17.52A 14.04A 23.83B 25.56A
_— C:N B 5 2 C:P R RE N:P A8 5 25

Coefficient of variation of C:N/% Coefficient of variation of C:P/% Coefficient of variation of N:P/%
:;:m I 3 il m 57 IR i e ey

Leaf Branch Fine root Leaf Branch Fine root Leaf Branch Fine root
P, 24.99a 38.75a 38.63a 24.43a 22.53a 29.44b 13.43a 51.20a 32.66a
H.P(P,) 21.06a 39.02a 40.97a 25.50a 25.33a 41.23a 22.03a 45.67a 28.67a
R, 15.68a 35.26a 8.45a 27.03a 18.81b 27.00a 11.97a 16.79b 24.70a
H.R,(R,) 13.97a 30.14a 18.69a 23.60a 26.95a 24.74a 15.08a 27.40a 20.61a
H, 9.14Aa 24.33Aa 17.48Aa 15.22Aa 25.55Aa 42.70Aa 11.89Aa 22.93Aa 35.98Aa
H.P(H,) 3.70a 21.60a 21.52a 11.04a 22.79a 27.61b 12.89a 18.15a 29.75a
H,R,(H,) 5.70A 15.79A 22.40A 14.05A 19.57A 27.47B 14.78A 16.74A 26.41B

HP,(P,) VDTN RS AR R IHAS P, tabuliformis in mixed plantations of H. rhamnoides and P. mbulifbrmis;Her(Rp) YD+ R TR A AR
RYHIRE R. pseudoacacia in mixed plantations of H. rhamnoides and R. pseudoacacia; H P,( H,) : U +IMAM IR AR BV H. rhamnoides in mixed
plantations of H. rhamnoides and P. tabuliformis; H R, (H,) : ¥ B+ RIMEIR SR Y YD H. rhamnoides in mixed plantations of H. rhamnoides and R.

rilp

pseudoacacia; RENE PR A — 28 B aE MR 3 AR 22 55 . 3 s REKE FHFRE—E H, il H,Rp< H) IEJ%EE%( P<0.05)

3.3 AR ASHROARIFRIZR B C N P &R KOG AR

SRR ASHRIT K 4IAR C N P S Sl K E R (£ 3) . PS5 HP,(P,)BR4IAR C-N ¥y 5 7 5k
B (P<0.05) . R, 5 HR (R)MH C-N C-P N-P LRI C-N 255 1F R K HAHR92 5 8.3 (P<0.05)
R, BiN-P 2057 #IE K (P<0.05) ,H R (R,) BHF#GK ., H 1T C-N 25757 HHE K (P<0.05) ,C-P 5 Fd b
KON-P RIEFHIK (P<0.05) 10 H P, (H,) M C-N ZAEHEK, 1 C-P FIAL N-P ¥ 5 IE 5 K (P<
0.05) ;H,R,(H,) M C-N ¢ N-P S

4 e

4.1 RACH C N P & St LA a8 B R R ] ) 22 5 3 A3 Bl o ms

TRASAR Y ORI | VR RIS 3k ) B A 2 PR 2R B E) € NP Al CH R (1B 1) . M
P, HP,(P)M N Fl P &4l 8.42% 1 19.65% (P<0.05) , 3% 5 ik 26 412 5 T #7448 %8 )L ( Caragana
korshinskit) SIMAAMRACHE = T N P B /B 5E 45 2R — 30, R VMR VD BORE SS AR b [ N AE ) AR [T N
R RN AFAEN LT EL YD ] 38 oo AR IR0 T 208598 31 52 RN, AR R 40 I 0 ml i 15 WILIR 14 0 0, il AR P 1=
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%3 HAHRMBELHERE CNPEENREEKXR
Table 3 The allometric relationship of C, N and P contents in different organs of pure and mixed plantations
. BB . e L
Organs Iree species Slope interval Intercept

x=log C, y=log N m P, 54 -1.414 (-1.944, -1.029) 4,909 0.140 0.025
H.P(P,) 54 -1.731 (-2.433, -1.232) 5.800 0.010 0.560
R, 54 2.214a  (1.617, 3.031) -4.398 0.160 0.016
HR,(R,) 54 1.978b  (1.617, 2.420) -3.716 0.661 0.000
H, 54 0.745Aa  (0.587, 0.946) -0.458 0.523 0.000
H.P(H,) 54 1.121b  (0.965, 1.302) -1.456 0.814 0.000
H.R,(H,) 54 1.103B  (0.850, 1.432) -1.403 0.426 0.000
5 P, 54 -6.597a  (-8.838, -4.924) 18.629 0.275 0.001
H.P(P,) 54 -8.103a  (-10.880, -6.035) 22.703 0.264 0.001
R, 54 5.718 (4.117, 7.940) -14.305 0.080 0.095
H.R,(R,) 54 -1.942 (-2.733, -1.380) 6.248 0.002 0.792
H, 54 -3.787 (-5.320, -2.696) 11.392 0.013 0.515
H.P(H,) 54 -0.852 (-1.197, -0.607) 3.520 0.011 0.535
H.R,(H,) 54 2.292 (1.665, 3.156) -4.956 0.130 0.031
AR P, 54 -2.230 (-3.081, -1.614) 6.704 0.109 0.049
H.P(P,) 54 -1.848 (-2.398, —1.425) 5.732 0.429 0.000
R, 54 1.446 (1.051, 1.990) -2.460 0.132 0.029
H,R,(R,) 54 1.329 (1.011, 1.748) -2.140 0.367 0.000
H, 54 1.478 (1.087, 2.010) -2.495 0.199 0.006
H.P(H,) 54 -5.309 (-7.458, -3.779) 15.594 0.011 0.538
H.R,(H,) 54 -1.681 (-2.366, —1.195) 5.929 0.000 0.944
x=log C, y=log P n P, 54 1.590 (1.129, 2.238) -4.421 0.000 0.953
H.P(P) 54 3.002 (2.133, 4.225) -8.189 0.000 0.941
R, 54 3.614a  (2.646, 4.936) -9.488 0.174 0.011
H.R,(R,) 54 2.844b  (2.270, 3.563) -7.320 0.575 0.000
H, 54 1.276b  (0.941, 1.732) -3.173 0.210 0.005
H.P,(H,) 54 1.695a  (1.272, 2.257) -4.270 0.305 0.000
H.R,(H,) 54 2.219 (1.594, 3.090) -5.653 0.065 0.132
53 P, 54 3.951 (2.890, 5.401) -11.251 0.169 0.013
H.P(P) 54 -5.465 (-7.685, -3.887) 14.472 0.006 0.661
R, 54 4.247 (3.153, 5.722) -11.580 0.247 0.002
H.R,(R,) 54 2.310 (1.670, 3.196) -6.343 0.102 0.058
H, 54 4.924 (3.507, 6.915) -13.255 0.014 0.491
H.P(H,) 54 1.260 (0.903, 1.757) -3.393 0.055 0.171
H.R,(H,) 54 2.997 (2.175, 4.129) -8.134 0.125 0.035
AR P, 54 -1.898 (-2.652, -1.359) 4.827 0.046 0.210
H.P(P) 54 -1.771 (-2.372, -1.323) 4.504 0.277 0.001
R, 54 -3.440 (-4.715, -2.509) 9.192 0.154 0.018
H.R,(R,) 54 -0.842 (-1.181, -0.600) 2.122 0.018 0.434
H, 54 -2.690 (-3.742, -1.935) 7.026 0.072 0.115
H.P,(H,) 54 1.851 (1.321, 2.593) -5.146 0.028 0.326
H.R,(H,) 54 -2.355 (-3.315, -1.673) 6.145 0.000 0.998
x=log N, y=log P I P, 54 1.124 (0.887, 1.424) -1.266 0.531 0.000
H.P/(P,) 54 1.734 (1.240, 2.424) -1.903 0.041 0.238
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. mE o HE . e PE
Organs Tree species Slope interval Intercept
R, 54 1.633a  (1.501, 1.775) -2.309 0.942 0.000
H.R,(R,) 54 1.438b  (1.224, 1.689) -1.978 0.785 0.000
H, 54 1.712a  (1.339, 2.190) -2.389 0.491 0.000
H.P(H,) 54 1.512b  (1.107, 2.064) -2.068 0.176 0.011
H.R,(H,) 54 2.012 (1.443, 2.805) -2.831 0.057 0.160
5 P, 54 0.599 (0.431, 0.832) -0.786 0.080 0.094
H.P(P,) 54 0.675 (0.493, 0.924) -0.840 0.159 0.016
R, 54 0.743b  (0.590, 0.936) -0.953 0.552 0.000
HR,(R,) 54 1.190a  (0.882, 1.605) -1.462 0.241 0.002
H, 54 1.300 (0.998, 1.693) -1.571 0.412 0.000
H.P(H,) 54 1.479 (1.129, 1.937) -1.876 0.385 0.000
H.R,(H,) 54 1.307 (0.996, 1.717) 1.655 0.374 0.000
iR P, 54 0.851 (0.615, 1.179) -0.882 0.099 0.062
H.P(P,) 54 0.958 (0.724, 1.269) -0.989 0.333 0.000
R, 54 -2.379 (-3.346, -1.691) 3.341 0.004 0.698
H.R,(R,) 54 0.633 (0.460, 0.872) -1.014 0.129 0.032
H, 54 1.820 (1.314, 2.520) -2.858 0.096 0.066
H.P(H,) 54 0.349 (0.248, 0.491) -0.644 0.001 0.897
HR,(H,) 54 1.401 (0.998, 1.967) -2.160 0.014 0.490

n AEAEL the number of samples; R? ; 5 R %X Determination coefficient ; P<0.05 ; #3856 RiAF B F KTV RF/INE FHEERFE—2HEAN
[ S A O R R 3 22 e B3 AR R S P REROR W) — 48 B H, R H R (H, ) 0] 5 I O R R 322 57 1835 (P<0.05)

Hem Ak, WAL P AEADS PN HERI N R SR 2 0 P Ak i CoN R CoP N EAE
HEHR , AT R WA A KR HUR G R P ARBFGEh ML P, H P (P,) I C:P FE{I(P<0.05) ,iX 52
ELRR S BRI 45 SR — B, R 5 U BR AS8 ME F T pum s A K AL B H P (H) QIR N %
HERFEAL 9.81% , 2 C:N 19/ 12.15% (P<0.05) , YPBEAT Rl N BEUROLSE /0 Begh oo 3B 7 A A4S, AR A7
TR A Al PP AE N-P iSRRG, AL T WD B AMR A AR H C NP BRI A AL
MR HR (R, B AR C S B 8.94% 4.60% F1 6.64% (P<0.05) 3 = 52 J& Py V0
FHIRR AR [ N KLY, nTREAEAE N JUAY, RIARE sk C g A7 i 38 o i) A 4 s S A8 (4 40 Bie , S0 o Ao ) 5 4
UEAT, BRIAR P4 A TE BT REFR HE C sl R | i — B IRIR MO P B 28 B ¢ ™ ARk
ARG R, 2 N:P<14 B 8% N JCEREIAE K2 14<N:P<16 B MR 52 N P # e 2 34 [ BRI
M N:P>16 I, FoR ) F 252 P osREBRH >, ABFTEH 0 5 H R (H,) BORZIHR N:P ¥ T 16,3X 5 Liu
SRR GR A R, BB AIAR VD ORI S AR b 22 PORR . AREG B H R (H,) B NP S0, i gn
RN i N:P 43R 11.52% 1 17.74% (P<0.05) , BV S FIRLIRAC & A T VD BRANAR 1Y) P B, VD
7E N TR MM T N A PR N Jr e A DI ad i v 5 R R A VE s & N 2
PESA: WG B,k N 546, 5 P ORI BB S, MO B4R NP R

ARIERE C:N:P {525 5 07 LAk — 2 VR A B 7R TR S MR F5 43 BRI 45 20 e S mss (0 &2 24 Bop,p |1 P,
(H) A% E NP AR 404 N:P k2] 1 39:1, 1 H P,(P,) M AIAHAR N:P AHXF AR (12:1 A 11:1) | X 54
FAGHESE Y OB FE 45 SR — 3, R WA VD A [ N ML , AR TR AR R STk T B 22 0 N, T 30k A D) ] R AR 0 k4
LB N VR TR AL [ B3R5 A DR FEARER A N KA, 550 T A K s AR 4 RIVP B E NP AR
SR RS MIEEN  MRAIGRAL C [ S50 AR, — F U R AR 35 40 55 4, SEBLIRSS AR C N P WE U5 A4
RO Ay M2 R VS RIS, R [ N I T RE N TUAR FBGES ", IAh, VBN C:N:P (Hi
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3K 705:38: 1, MRIFRAIMRE C:N:P 2N 620:34:1, 3% 55 Wang 2517 BRI 45 200, 5B VD o] BEAE TR A2 rpod o 12
C YIAR A AERE A K 10 R D0 508 4o 400 R B 308 R WS 9 4, SRt o /B S B HOR ) S AI U N P
SYBCAIZE AL C FUR BN TUAR N A se eIy (0 K35 70 SR A [R) S B M3 55 |, 5 MBS [R5 5% C
WA G2 i e e R T o
4.2 RSB E SWF C N P S H R AR SR R AL

FE 38 23 PR HE 28 B (B T R A L LA X BREE S5 ot | B i S HO i L i A8 S R (CV) B T AR % AR
KARBE A A BER A AR B ARG rp i R AR C B CV AR T 20% (K 2) B T 3978 5%, ixX S b
SO AT A R — 0, RWIMY C AL EA BRI R X SR A B DI RE A T, Annt 2 C BT g
C AARIHFE C AR E MR s AR G . T N P A2 TR A MR ) B4R 5 4 39 5% 43 5 o M ) XU Rk | H:
ARERERE TR X G RGBSR A R AL, 5 P ML, H P, (P C &R CV IR, T P & & CV
(P<0.05) , VDI 5 AR AT BT 43 2 4540, VDT e o el 38 S0, IR G & Fris 1) N R 1 Vs
FIYEAEFRCR , W S 20 C A8 5 R B ; (08 1 B X 3Rk P, 1RSS5 VRIS 22 20 W8 A A BILIRR A4
AR AL A58 R TOMEA S P AE P Y530 32 LI ERBE (40 pH | BRAR (2% ) S50, S BOmAA AR ] Pl
ORISR, FEP /Y CV I s 5 R MK, HR (R)M AIM C AN &kt B C M P & HLL K C:P N:P
[ CV B3 (P<0.05) , X 5 XUBESE S A FT 45 200, 9 [ N AR 77 B2 3 o U v i A58 2R 40 i 4
[l HETE 118 N P i, (AR R I N & 4 X & IR T ie) s 4, S SO AR 8] 35 0 o RICR 401
0543 A5 T 30 e AR DO 4% DR NP LS R A0 0 A K T 5 — BN U PR S 4 R 0K C AR S
Pic 5 4R A BP0 o, T A A — BB B SR, 80 C NP YA SR R Y ML B H P (H,) 3
kL C it CV(P<0.05) , Ui S M AA TR A , AR W] REE o (LI 0T 537 435 4175 5 U0 ™ A6 A e 7, ¥4 43
AMAAESEAEE C FHFRBHTSARS, 5 — g A K WAL C ik cv 3 n'™ i H.R (H,) 404R C:
P 5 N:P i CV [EMK(P<0.05) , RIS HIBLIR )G , 404R N:P ZAMNAM S RN R i/, SR 5
(R AR S T i, U A VIO 11 B P Rt A 1R R AR B E NP (R
4.3 JRACHRESE T BFPEA C-N-P S KR

AR E SR K O R 1T DU AR P2 B () 5 40 o B = A48 B vl o0 M 25 R e B (ks ZEFIDRAR )
AT AR R B (RERIAIAR ) 7 BeAh, A TR AR 6 U i A 1 s S ELA P 4 0 22 1, vl e i R S bR
HIPIT SR BRI 22 5207 R, P58 IR — R AR Sl AR S5 TR S AR AR 1R R ik A 4R € N P & i 57
I SE R A B THE R IR S ML A ) 574540 B e s J LERSEEE R ML . AR gE P55 H P,(P,) B 40
R C-N B2 F 8K (P<0.05) , B2 C 3A0, N Aty o ok 5 A 1 sl i />, 3k 5 8 i 46 07 AT 9 205 SR — 3,
WY N BRI ZAE T ATk A BRAY N B A BT EPEAC S, MR g A tE A, $ 8 C BRUBEEE T N SR
SERRAT YRR N EZS AT RRAR HEIMAA YC S VR AR AT N 58 R i i . R, 5 H R, (R,) " C-N C-P
N-P 4R C-N B IE Sl < (HRPRZE R B35 (P<0.05) o 7] AEJZ B 4 VD AR 2R 70 I8 A A5 HILIRR 5 i T
HR 25 U3 [7) 5 Ak EXES S PO RRAR T P ARERAAS G 2 1 , I ELAEARAL T SRR A9 35 434 5 3003 s T SRR,
SRR R 2 S B 2 AR VD G ok 5] N P AR AEVE T A IR i SR 5 | [R] B B2 R MR AR Py sk
RS P X C-N SR AR, 2 ¢ 5 N FAEESY R A N-P 216 73K (P<0.05) , X 5 HRIM
SFEPVIRFE 3L, T H R (R,) REHIK  FTRER T alidkh P 7E L3R shtk 25 5wk e, 30 P il
ORI N EEA R 7 2, 230 N BURECR S T P iR sc Ak, Y 5 i BEAR 3R 19 731 22 508
TR PO EEETE S IR BF PN [E N R R A A R T4 i R P s R PG R B 2 5 N ]
AN H M C-N L C-P N-P 40l S 6 5 O K | S G ORI IE S sl 3 K (P<0.05) , I N-P R K KR 5
Zhang %5 VR 45 IS, A A RIS 2 R B2 A A AL BSOS AL 60 L i B P.(H,) T C-N 5
MR, it C-P 5L N-P W IER I K (P<0.05) ,H R, (H,) M C-N B N-P REEHME K, AT ARSI N 7E4lipk
H YD B AT C DAGERFSS R AT N P WSORI T, 1 7 YR 58 bR 3% 43 40 B S A B, Tt HE PRI
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L5 b H P B IR IANE AR C-N G0 S s 1 A O 450wl O S U I R am AL UV BRAY C-P B, 0 35 4
TIPS HOR SRR AN 10 H R, B fRRIRLAL Y N-P 5 s (E 5 40AR A 1E S AT R W52 43
MBS B HAMAESS T H, P,

76 N Pk Z B X [N AR A D EAC A Bl 5 [ N AR SC R , SRTHE S A T A
B FR 7373 B SR , X o s Y LA HAT F 2T DR A5 2 AAbR Dy X B8, 35 = 0 17 DXk
SR N TARASHRIEAAAE Y B AR i R E L S R, T - R R TR T RE 2k
o, HHOK AR 2R C N P AEREL iz ke Aoy Be 45 2R BEAR A d A T 2 B e B LR ik
H AR BT 5 R T A K ZE K O R S WL 580 25 5 B K S, A BER A BR AR R S AR LA R )
for B T SR 70 BC AR s S LIRS AL

5 #ig

(D) FALL P, H P,(P,) W N P &5 51N 8.429% F1 19.65% , C: P FEAR 14.58% (P<0.05) ;ML R, H.R,
(R, M BRI C 55 BIFEAK 8.94% 4.60% F1 6.64% (P<0.05) s#1Lk H, ,H.P,(H,) H.R,(H,) 4 N &
A HIFEAIL 9.81% M1 11.52% (P<0.05) .

(2)#ALL P, H.P,(P) W C &4 CV R (P<0.05) s MTLL R, H R, (R,) M B AR C 54k CV 3 Hn (P<

P rTp

0.05) ;5 H, AL, H P,(H,) WM C &8 CV IR, H R (H,) K P & EFIZIR C:P N:P 1) CV FER(P<0.05) .
(3)P I H.P(P,) K IR C-N ¥ 27 7 #IE K (P<0.05) ;R, 1 HR,(R,) M C-N-P KA C-N #5IE

P T p

S R, BN-P SL5USHERK (P<0.05) B R, (R,) B4R K H, 1 C-N 5L 5 K (P<0.05) ,C-P

EAFHIR, N-P RIESHAR (P<0.05) 10 HP,(H, ) M C-N AR HH, 1T C-P RIEL N-P 2 IERHH K
(P<0.05) ,H,R,(H,)" C-N i N-P 2EHHHK
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