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Abstract: Taking 84 plants of Malus sieversii (Ledeb.) Roem. from 16 plots in Emin County, Toli
County, and Yumin County in mountainous area of west Junggar Basin as research objects, differences in
C, N, P, and K contents and their stoichiometric ratios in leaf among different years, counties, grazing
intensities, and dead branch rates were compared, and correlations of 27 environmental factors and
6 individual growth indexes with above leaf stoichiometric indexes were analyzed. The results show that in
2017, C, N, and K contents in leaf of M. sieversii are 462.77, 18.69, and 14.95 mg - g™', respectively,
and significantly ( P<0.05) higher than those in 2016; C/P ratio, N/P ratio, and N/K ratio are 325.33,
12.99, and 1.37, respectively, and also significantly higher than those in 2016; but C/N ratio and P/K

Wi BHEA: 2019-10-18

EEWA . R R b El - ER R S o5 b ER 2R B A B B 5 00 H (2016LH0049) 5 H EHH A+ 5 B2 3 & L H
(2016M602912) ; EZKE s bF & IR H (2016 YFC0501502) 5 Fismat /8 [ 36 X K ILA# 5T B BRI H (2018D14009)

BB BEE(1997—) , &, CRTEN LR A, EE SR YL B 2F AT

KD@{%’{’F% E-mail; zhouxb@ ms.xjb.ac.cn; taoye@ ms.xjb.ac.cn



555 1 SR, A TR K VG T L M i S R A R R A SR R X

49

ratio are 26.15 and 0.11, respectively, and significantly lower than those in 2016. Except for C content,
other 9 stoichiometric indexes among 3 counties are significantly different. Under heavy grazing, K
content in leaf is significantly higher than that under other grazing intensities, while C/K ratio and P/K
ratio are significantly lower than those under other grazing intensities ; under moderate grazing, N content
and N/P ratio in leaf are significantly lower than those under other grazing intensities, while C/N ratio is
significantly higher than those under other grazing intensities. C content, N content, C/P ratio, N/P
ratio, and N/K ratio in leaf under low dead branch rate are significantly higher than those under other
dead branch rates, while P content and P/K ratio in leaf under high dead branch rate are significantly
higher than those under other dead branch rates. The correlation analysis result shows that longitude,
grazing intensity, annual mean precipitation, and total nitrogen content (N_), total potassium content
(K,), available nitrogen content ( AN_) and AN_/AK_ ratio of soil are significantly or extremely
significantly (P<0.01) correlated with most leaf stoichiometric indexes, indicating that these factors are
the major environmental factors affecting leaf stoichiometric characteristics of M. sieversii. Overall,
individual growth indexes are highly correlated with leaf stoichiometric indexes, especially projective
coverage, disease and insect pest degree, and dead branch rate. It is suggested that leaf stoichiometric
characteristics of M. sieversii in mountainous area of west Junggar Basin are evidently different among
different years, counties, grazing intensities, and dead branch rates. Growth of M. sieversii in this area is
mainly limited by N, and measures of moderate grazing, strengthening of disease and insect pest control ,
and increasing nitrogen fertilizer application, etc. should be adopted to promote plant growth and relief
nutrient limitation.

Key words: Malus sieversii (Ledeb.) Roem.; leaf stoichiometric index; environmental factor; individual
growth index; correlation analysis
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Table 1 Basic information and sample number of 16 plots of Malus sieversii ( Ledeb.) Roem. in mountainous area of west Junggar Basin

AEHIR/C AE K B/ mm Tl )

K7D GRE o e Wit /m /() e fj'ﬂ/( ) iﬁ{ﬁ Annual mean Annual mean Grazing ﬁﬁ%ﬁ

Plot! Longitude Latitude Altitude Slope Slope Slo[,) © temperature precipitation intensity?) Sample

aspect  position number

2016 2017 2016 2017 2016 2017

P1 E83°59'09" N46°21'54" 1204.5 10 205 &6 Upper 3.4 3.2 443.4 327.0 HG BG 2
P2 E83°59'32"  N46°21'42" 1.200.2 12 321 T5#8 Top 3.4 3.5 442.4 326.2 HG BG 7
P3 E83°59'12"  N46°21'35"  1202.3 14 4 i Middle 3.4 3.8 442.7 326.5 HG BG 6
P4 E83°55'39"  N46°23'23" 853.2 15 336 T Lower 5.8 5.3 374.1 275.9 LG LG 3
P5 E83°57'01"  N46°23'38" 945.8 20 185 JIGHS Bottom 5.1 4.9 392.5 289.5 LG LG 4
P6 E83°59'31"  N46°22'20"  1291.6 12 26 T334 Top 2.7 3.1 462.1 340.8 HG BG 5
P7 E83°59'31"  N46°22'56" 12939 9 263 T Top 2.7 2.9 462.5 341.1 HG BG 4
P8 E83°59'13"  N46°22'06" 1217.5 17 231 T #B Lower 3.3 3.0 446.6 329.4 HG BG 5
P9 E83°57'45"  N46°23'05" 987.9 6 18 I Bottom 4.9 5.0 400.6 295.4 MG MG 5
P10 E83°32'09"  N46°09'03" 921.2 25 276 T Lower 5.9 5.8 384.5 283.6 MG LG 7
P11 E83°32'21"  N46°09'06" 900.1 12 176 JIGHS Bottom 6.1 6.3 380.1 280.3 MG HG 8
P12 E83°32'46"  N46°09'07" 876.6 9 129 JEEH Bottom 6.2 5.9 375.1 276.6 MG HG 12
P13 E83°32'57"  N46°09'12" 863.2 10 26 TS Middle 6.3 6.2 372.2 274.5 HG HG 8
P14 E82°45'02"  N46°03'41"  1074.4 19 304 JIGHS Bottom 5.3 5.7 435.7 321.3 LG MG 3
P15 E82°45'31"  N46°03'15"  1076.9 23 200 R Lower 5.3 5.5 436.2 321.7 LG MG 2
P16 E82°45'40"  N46°03'53"  1074.2 8 260 T Lower 5.2 5.1 439.1 323.8 LG LG 2

D'P1,P2,P3,P4,P5,P6,P7,P8,P9; HifffE Emin County; P10,P11,P12,P13; FEH & Toli County; P14,P15,P16: # & Yumin County.

2>BG; BRI Banning grazing; LG: 2 JE TR Light grazing; MG 1 B Moderate grazing; HG: EE9 8 Heavy grazing.
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Table 2 Comparison on leaf stoichiometric indexes of Malus sieversii (Ledeb.) Roem. in mountainous area of west Junggar Basin between 2016

and 2017 (X+SE)Y

FE i/ (mg - ¢g7')  Content LLff  Ratio

Year C N P K C/N c/P C/K N/P N/K P/K
2016 432.55+2.14b  12.49+0.27b  1.49+0.03a  13.19:0.41b  36.05+0.84a 301.69+6.41b 36.02+1.46a  8.67+0.25b  1.05+0.05b  0.12+0.00a
2017  462.77£3.90a 18.69+0.4la  1.45+0.02a  14.95£0.56a  26.15+0.82b 325.33£6.05a 34.54x1.25a 12.99+0.30a  1.37£0.05a  0.11x0.00b

D @3 RN E/ NG Tk R R 22 57 B3 (P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.

®3 OEBRELLMAREEEHFBEERMN R LFEITEEROLER (XSE) Y

Table 3 Comparison on leaf stoichiometric indexes of Malus sieversii ( Ledeb.) Roem. among different counties in mountainous area of west

Junggar Basin (X+SE)"

A i/ (mg - g7')  Content ILE  Ratio

County C N P K C/N C/P C/K N/P N/K P/K
A Emin - 451.64+2.98a  14.67+0.41b  1.46+0.03a  12.50+0.31b  32.83+0.96a 318.75£6.31b 37.91+0.93a 10.28+0.32b  1.23+0.05b  0.12+0.00a
FGHL Toli 445.47+4.76a  16.24+0.61ab 1.53+0.03a  16.67+0.63a  30.17+1.14a  296.91+6.37b  30.43+1.75b 10.70+0.40b  1.06+0.06b  0.10+0.01b
M Yumin  435.62+4.42a  18.14x1.03a  1.21x0.04b  10.72+0.73b  24.97+1.34b  364.70+13.31a 43.36+3.39a 14.95:0.64a  1.77+0.13a 0.12+0.01ab

D )3 rpOR ) /INE FhE 38R 22 57 8.3 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.
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Table 4 Comparison on leaf stoichiometric indexes of Malus sieversii ( Ledeb.) Roem. in mountainous area of west Junggar Basin among different

grazing intensities (X+SE)"

TR F/(mg - g7!)  Content [lLfE  Ratio

Grazing intensity C N p K C/N c/p /K N/P N/K P/K
R Light 448.89+4.28a  15.4240.56a 1.45+0.03a 12.36£0.36b 30.73+1.00b 317.74%7.59a 37.79+1.15a 10.83+0.42a 1.28+0.05a  0.12+0.00a
T Moderate  440.88+3.70a  13.53x0.62b  1.51+0.04a  13.08£0.65h  34.85+1.45a 301.40+9.34a 37.88+2.68a 9.33+0.57b 1.17+0.10a  0.13+0.0la
T Heavy 450.18+4.13a  16.66+0.53a 1.47+0.03a 15.530.58a 29.57+1.09b 316.63+6.78a 32.63x1.34h 11.53x0.36a 1.18+0.06a  0.10+0.00b

Y E3) R [E/ NG FhE R 22 57 B35 (P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.

£S5 AEFEHLEE SRR R ERM R L FT 28R LB ( X2SE) Y

Table 5 Comparison on leaf stoichiometric indexes of Malus sieversii ( Ledeb.) Roem. in mountainous area of west Junggar Basin among different

dead branch rates (X+SE)"

&S it/ (mg - g7!)  Content LU Ratio

Dead branch

rate C N P K C/N C/P C/K N/P N/K P/K

1% Low 459.61+4.83a  17.26+£0.52a  1.43+0.03b  13.33+0.56b  28.28+0.93b  331.11x7.75a 38.55+1.83a 12.31+0.39a  1.41+0.06a  0.12+0.00b
H1 Moderate 436.41+2.77b  14.73+£0.53b  1.46+0.03b  15.34+0.54a  32.39x1.15a 305.45+£5.91b 31.06x1.11b 10.22+0.38b  1.03+0.05b  0.10+0.00b
= High 442.61+4.49h  14.48+0.75b  1.64+0.06a  12.93+0.78b  32.40x1.62a  279.74+10.47¢ 37.06+2.18a 9.06+0.52b  1.20+0.09b  0.14£0.01a

D @3 PO E NG TR R 25 5 B35 ( P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.
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Table 6 Physicochemical properties of soil in mountainous area of west Junggar Basin!’

T i Content

= pH EC

Parameter C, N, P, K, AN, AP, AK,
#2/IME Minimum 5.82 79.90 12.37 2.63 0.73 19.28 68.63 4.72 182.00
fix KAE Maximum 7.80 616.00 106.33 8.86 1.39 144.93 669.39 53.74 936.00
SE-141{E Mean 6.53 222.41 58.42 5.72 0.98 69.80 379.57 18.63 611.81
FRifER Standard error 0.09 20.41 4.21 0.35 0.03 8.54 33.17 1.97 34.29
A5 280/ % Coefficient of variation 7.6 51.9 40.7 34.2 17.3 69.2 49.4 59.7 31.7
BH HLfE  Ratio

Parameter C./N, C./P, C./K, N./P, N./K, P /K, AN /AP, AN_/AK, AP_/AK,
#2/IME Minimum 4.10 12.10 0.19 2.39 0.02 0.01 2.69 0.13 0.01
#x KAH Maximum 13.00 100.22 5.52 8.78 0.43 0.06 85.56 1.36 0.08
SFE-141{E Mean 10.14 59.84 1.67 5.82 0.15 0.03 27.21 0.65 0.03
FRifER Standard error 0.39 4.07 0.27 0.31 0.02 0.00 3.83 0.06 0.00
A5 2B/ % Coefficient of variation 21.7 38.5 91.4 30.0 81.5 71.7 79.6 50.1 60.0

D pH: pH {A pH value; EC: H 33 Electric conductirity (pS - em™) 5 C_: +HEH HLHK & & Organic carbon content in soil (g« kg™'); N_: +3%
LA % Total nitrogen content in soil (g * kg’l ); P 4 HE AW A i Total phosphorus content in soil (g - kg’1 ); K. + HE A5 & Total
potassium content in soil (g - kg™'); AN,: THEFRL A = Available nitrogen content in soil (mg + kg™'); AP, . 333 # % & Available
phosphorus content in soil (mg + kg™); AK,; HIEHERH 5 Available potassium content in soil (mg - kg™').
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Table 7 Correlation between environmental factors in mountainous area of west Junggar Basin and leaf stoichiometric indexes of Malus

sieversii ( Ledeb.) Roem.

S S g E R A R R AR AH 2 R LY Correlation coefficient with leaf stoichiometric indexes of Malus sieversii>)
Environmental
factor! C N P K C/N c/P C/K N/P N/K P/K
Lon 0.264 -0.391% 0.449 5 0.175 0.469 #x -0.330 -0.253 -0.604#%  —0.539%: 0.051
Lat 0.239 —-0.384 0.271 -0.059 0.438* -0.166 -0.064 -0.504#%  —0.381% 0.154
Alt 0.052 -0.224 -0.116 -0.489#x  0.262 0.166 0.384x  -0.117 0.134 0.414*
Slo 0.031 0.077 -0.224 -0.246 -0.080 0.234 0.369 0.179 0.290 0.163
SA 0.233 -0.054 -0.253 -0.175 0.145 0.339 0.258 0.064 0.114 -0.015
Sp 0.049 -0.328 0.099 -0.083 0.362* -0.038 0.050 -0.331 -0.213 0.181
AMT -0.124 0.315 -0.018 0.399%  -0.368* -0.059 -0.274 0.278 0.034 —-0.385:
AMP -0.488%% —0.693%% —0.086 -0.437* 0.573 %% -0.060 0.263 -0.531#% -0.217 0.404 *
GI -0.218 -0.098 0.471#x% 0.487+x  0.113 -0.508%% —0.531*% -0.304 -0.419+* -0.204
pH -0.193 0.169 -0.178 0.128 -0.221 0.044 -0.078 0.238 0.138 -0.210
EC 0.008 -0.240 0.202 0.267 0.282 -0.188 -0.328 -0.350 -0.443 = -0.189
C, 0.229 0.025 0.449 = 0.451=x  0.070 -0.329 -0.349%  -0.219 -0.315 -0.127
. 0.064 -0.298 0.490 % 0.373 0.359* -0.420 -0.323 =0.511#%  —0.493 % -0.014
P, -0.188 -0.098 0.214 0.092 0.122 -0.224 -0.029 -0.180 -0.107 0.097
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4E3R7 Table 7 ( Continued)

HEEAE T S R A RS AR A E R Correlation coefficient with leaf stoichiometric indexes of Malus sieversii>

Environmental

factor!) C N P K C/N c/P C/K N/P N/K P/K
K, —-0.543%%  —0.721%x* 0.045 -0.257 0.579 % -0.213 0.103 -0.626%%  -0.360* 0.317
AN -0.129 =0.512#3* 0.459 3 0.214 0.520%* -0.462%x —0.255 =0.679#%  —0.561#x* 0.109
AP, 0.098 0.405+ 0.185 0.300 -0.316 -0.127 -0.166 0.257 0.123 -0.176
AK, -0.104 0.050 0.002 0.123  -0.022 -0.102 -0.212 0.021 -0.072 -0.164
C./N, 0.402* 0.505 3 0.161 0.318  -0.385% -0.015 -0.219 0.329 0.113 -0.239
C./P, 0.360 0.082 0.358 0.408+  0.017 -0.214 -0.303 -0.129 -0.242 -0.151
C,/K, 0.469 % 0.516%x* 0.174 0.435%  —0.393%* -0.001 -0.252 0.332 0.069 -0.314
N./P, 0.208 -0.274 0.422 0.351%  0.336 -0.321 -0.307 -0.463%x  —-0.467%%  —0.051
N./K, 0.475 %% 0.493 5% 0.154 0.407% —0.365% 0.023 -0.222 0.324 0.076 -0.297
P /K, 0.448 % 0.711 % 0.070 0.311 —0.571#x% 0.089 -0.154 0.566 % 0.310 -0.283
AN_/AP -0.183 —0.518#:* 0.262 -0.097 0.441= -0.305 -0.057 -0.574#%  -0.380* 0.247
AN_/AK, -0.119 —-0.465 % 0.481 %% 0.048 0.431* -0.428%  -0.057 =-0.615%%  —0.402* 0.325
AP _/AK, 0.253 0.331 0.056 0.206  -0.259 0.107 0.021 0.265 0.157 -0.146

Dlon: &JF Longitude ; Lat: i Latitude; Alt; 3% Altitude; Slo:

Y BE Slope; SA: Y7l Slope aspect; SP: b A Slope position; AMT. 457k

Annual mean temperature; AMP; AEIRE 7K B Annual mean precipitation; GI: TICHR Grazing intensity ; pH: 415 pH {4 pH value of soil; EC; +

HEr 5% Electric conductivity of soil; C_: T3EAHLEK & & Organic

carbon content in soil; N, : 1342 % 7 i Total nitrogen content in soil; P_: 1

HE W5 % & Total phosphorus content in soil; K_: 13844 & Total potassium content in soil; AN, . TIEH A & it Available nitrogen content in
soil; AP, . T HEH LB & & Available phosphorus content in soil; AK_; T+ 3EHRHP & i Available potassium content in soil.
D€, C &% Ccontent; N: N & N content; P: P& P content; K: K &% K content. * ; P<0.05; #*; P<0.01.

8.9 .14 11 A1 10 A IR5E N 1 . 35 slip o 35 4H ¢, i
C/P b .C/K LLAN P/K HAN S 3 8¢ 4 DR F
O R A O, UL BT SR 6 ANk R Akt
EIRPRZ AR R TR R
24 EERABLMFETFERMONMMERREIR
HEHE5MW R AFit=ER0EXES

PHE MBS 7K VG 3505 L b 35 56 8 S SR (R A RO B 1 2
THE5 AL (3R 8) FRIT . Y NE JR PG 50 L b 1% 3 i B S 2
PRk ED 6.89 m, FHHAZ 0.30 m, BEE5E51.5% , 0K
HER R (FH%H 3.6) , Hiki R 29.8% , (H4E
HEAR PRI 3.2) .

BB B SRR A KRR AR 5 RBCE 3T
S P S SRR o 1A S R/ (18.3% ), AR A
KAGHR AL 5 Z R (40.5% ~ 99.0% ), o 4
AR RBURCR

x8 HBRAILMFBEERNMEERKR

PHE MBS 7% VG 350 L b 35 56 B S SR R A K AR AR S
R A2 AR AR A AT g5 R LR 9, & 9
AL RS K SR 2 EE (P<0.01) IEME, 5
C/K b N/K FLFI P/K ol B 3 A 34 5 ¢ &
i C/N LA C/P W B IEASE, 5 N S MK &
R ERAG T HES C &5 .C/N L .C/P Ik,
C/K LHI N/K Hetl 2 3 EAH G, 5 P/K L i 25 1E A
XK, 5P EHEMK SEREEAMHECHAERES
N & K & iaf N/P Ltk i 2 ARG, 5 C/P Lt
FHMAC, 5 P/K R R EADE, 5 P & &M C/N
Fo 3 A G M BRS¢ Fr i N & & C/P LA
N/P AR B 3 MG, 5 N/K iR & AoG, 5 P &
R IEAE 45 R B S N & & N/P R N/K
W IEMAC, 5 C HREBFEMX, 5 C/N ik
EAAHL

Table 8 Individual growth status of Malus sieversii ( Ledeb.) Roem. in mountainous area of west Junggar Basin

s

e B/ m HA2/m BRI/ % ‘ : R/ % G

. . L Disease and insect . .
Parameter Height Basal diameter  Projective coverage Dead branch rate Fruit quantity

pest degree

f/ME Minimum 3.90 0.08 10.0 1 5 0
B KA Maximum 9.80 0.65 90.0 10 90 9
SF-#4{H Mean 6.89 0.30 515 3.6 29.8 3.2
trifiiR Standard error 0.14 0.01 2.4 0.2 1.4 0.3
AR 2B/ % Coefficient of variation 18.3 43.2 40.5 64.0 57.8 99.0
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Table 9 Correlation between individual growth indexes and leaf stoichiometric indexes of Malus sieversii ( Ledeb.) Roem. in mountainous area of

west Junggar Basin')

MHZREL  Correlation coefficient

AR RS R

Individual growth index C N P K /N c/p C/K N/P N/K P/K

PR Height -0.135 -0.090 0.014 0.368%:* 0.073 -0.096 -0.304%%  -0.138 —0.3603* —0.282%*

FL4% Basal diameter 0.250%*% —0.166% —0.148 —-0.194x 0.202:3k 0.234#x  0.124 -0.083 -0.060 0.012

BTG Projective coverage 0.340%*  -0.190 =0.412#% —0.501* 0.33 1% 0.505%:#  0.469:: 0.113 0.301 3 0.285%

J5 UE AR BE Disease and insect pest degree -0.035 =0.221#%  0.185%  —0.206%: 0.186% -0.168x 0.113 =0.299=* -0.052 0.255#:

iR Dead branch rate =0.273%%  —0.230%*x  0.247*+  0.004 0.158 -0.326%*% -0.073 —0.343x% —0.172% 0.150

ZE L5 Fruit quantity 0.163x* 0.357+x -0.060 0.052 =0.309:: 0.089 -0.003 0.368#:  0.257:#x* -0.066
DC, C & Ccontent; N: N N content; P; P& P content; K: K 7t K content. 454V 2017 44 , HiAsMAEAE K35 45K 2016 4EF1

2017 4445 The datum of fruit quantity is only in 2017, while those of other individual growth indexes are in 2016 and 2017. * . P<0.05; #%; P<

0.01.
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