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Stoichiometric characteristics of Picea schrenkiana forests with a hydrothermal
gradient and their correlation with soil physicochemical factors on Tianshan

Mountain
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Abstract; Ecological stoichiometry focuses on the equilibrium relationships among carbon (C) , nitrogen (N), phosphorus
(P), and other nutrients that required by organisms. The present study firstly investigated the soil C, N and P
concentrations and their stoichiometric characteristics in Picea schrenkiana ( Schrenk'’s spruce) forests. Then we evaluated
the relationships between these concentrations and stoichiometric characteristics with mean annual temperature ( MAT) and
mean annual precipitation ( MAP ). Finally, redundancy analysis ( RDA) was used to study relationships between soil
stoichiometry and soil C, N and P stoichiometry. The results showed that the C, N, and P concentrations in the 0—10 cm
soil layer were 44.6—143.4, 0.190—0.940, and 0.086—0.286 g/kg, respectively; the concentrations were lower with 23.
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0—131.0 g/'kg for C, 0.122—0.589 g/kg for N, and 0.032—0.178 g/kg for P in 10—30 cm depth, compare with 0—10
cm depth. In 30—80 c¢m depth, C, N, and P concentrations were 14.5—67.0, 0.149—0.397, and 0.062—0.169 g¢/kg,
respectively. C, N, and P concentrations in 0—10 cm soils were significantly correlated with MAT, P concentrations in 0—
10 and 10—30 cm soils have significant relationships with MAP. C :P ratios of 0—10 cm soils was linearly correlated MAT.
N :P ratios in 0—10 and 10—30 cm soils increased with MAT and MAP. The RDA showed that in the 0—30 c¢m soils, C,
N, and P stoichiometry were mainly affected by soil moisture content and bulk density, soil moisture content was positively
correlated with C :P and N :P ratios, soil bulk density was negatively correlated with the N :P ratio. In 30—80 cm soils, C,
N, and P stoichiometry were primarily driven by soil moisture content clay content. Specifically, soil moisture content was
positively correlated to N and P concentrations, bulk density was positively correlated to C, C:N, C:P, and N :P ratio and
negatively to N and P concentrations. Additionally, we did not found significant relationships between electrical conductivity
and pH with C, N, and P stoichiometry, which could be due to the non-significant difference in soil EC and pH in our

study area.

Key Words: Picea schrenkiana forests; stoichiometric characteristics; average annual temperature; average annual

precipitation ; physicochemical factor
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SRR AEAE, 755 AP AT 89 S 1T, 15 51 606 > L HEAEA KR AE Y L IEREA F AR
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Fig.1 Distribution of sampling sites
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AHIF A8 FH A AR TR R FIAR A K &K T Worldelim BREAE”" . FIF Excel 2010 %3 A SO 19 2418
FbREZS iz ] Pearson FHOCREPEAL 145 C N P &5 H 5400 e Z RN AH OGP >R Origin 8.5 144
PG L S ARGtk ma B OC R IR E x4 L2 E C N P & 5 DA KA A b2 v d b 47 34 3 B FAR B K
A AT AT

ARBIFFEAL ] ) L3 PR AL DA S0tk ok U T b B R 2 g W DR BR 5 R~ B8 Pt (hup -/ www. resde.en ) o BF
I C N P AL AR AP G, AR & i B & i pH | IS dRTHL 3 R IR R T
i CANOCO 4.5 B Mt s Xt R GFEEN TR C R . 70 HrR 42 (0—30 em A1 30—80 cm) +- 4
C NP et SR e 5 PR A 7 178 S R IR R 80 /N T 20, U B Rk T 4 Dy BR 8 IA 778 5 A7 0 A, BR
H XN 43T ( Detrended correspondence analysis, DCA ) 3¢ %E%j{ﬂ‘]ﬂF}?iﬂﬂﬁgKE(Lengths of gradient,
LGA) 7331174 0.987 H10.862( LGA<3) , iHAIE & A AMEHE P 1k, 7T LR RDA iR 73 Hr 45 )= 11 ¢ N P fLE
THERE SR FIICR

3 #R

31 AFRELEZE C NP & MRS AT e R A A oM

M= 1 Ui ,0—10 em JZ C NP & &2 735l & 44.6—143.4 ,0.190—0.940 ,0.086—0.286 ¢/kg, V-
PIE 4500 80.1.0.577 .0.171 g/kg, 28 5% R BT 5N 57% 68% 47% ;10—30 em 2 =& M AS AL 75 Bl 43 1) 2
23.0—131.0,0.122—0.589 ,0.032—0.178 g/kg, F-4{E 73 5 2h 51.8.,0.495.0.135 g/kg, & 5 R E 510 53% |
64% 45% ;30—80 cm JZ C N P & AR L 4391 14.5—67.0,0.149—0.397 ,0.062—0.169 g/kg, F-II{E )
4 33.3.0.258 .0.111 g/kg, 2853 REIT N 54% 66% 40% . VA FE5H MR, 14 C N P & MbriE 221y
B S TR R T ARG . S ST &, IR )E (0—10 em) FIEJZE (30—80 em) C N & 1978 Stk 5 T vh
JZ(10—30 em) , P 75 5 128 SV B - SFE TR BE A3 hnni B A1

AN R EE C N P SR E R I —E 2R, HER2ATH,0—10 em JZM C 5 NP S &K
N P L RORRIFRBE A IEARSC  (EAL S N & B AE DG 8 B /K- (P<0.01) . ZZ N &&= 5P Fai
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IEAHSG, 5 C:P OIS, ik 5 P S RBMSCIERZ , P &S C:N IR,

®1 FETERELEC NP SETHSE

Table 1 Variation characteristics of soil C, N and P contents in different soil depths

i TIRBEE HH PR ERETE N f/ME SN
Item Soil depth/cm Mean/em SD CV/% Min/cm Max/cm
C/(g/kg) 0—10 80.1 45.7 57 44.6 143.4
10—30 51.8 27.6 53 23.0 131.0
30—80 333 18.1 54 14.5 67.0
N/(g/kg) 0—10 0.577 0.391 68 0.190 0.940
10—30 0.395 0.252 64 0.122 0.589
30—80 0.258 0.170 66 0.149 0.397
P/(g/kg) 0—10 0.171 0.080 47 0.086 0.286
10—30 0.135 0.061 45 0.032 0.178
30—80 0.111 0.044 40 0.062 0.169

10—30 em 4209 C 5 N P &t e NP B ERERRE R IEA DS, HYS N P & ayAH R B 3 (P<
0.05,%2), ZZENSP FEEIEMX, 5 C:P LEAMKE, Hp , 5P SHEMMHCHEREE. PEES C:N
H ARG,

30—80 em VR HEH ,C N P i M HALFI MR L Z MM S R 8 45 R R %2 C 5 NP &8,
N:PHEARFRFEEMIEFSE, Hd 5 N &8 NP AR E (P<0.05,%2), NSP SEEEMHX, 5
C:PHEMMAL, HS P SFEMAHHN B (P<0.01), P &E5 C:N LEHMHEK,

F2 AELTERES CNPFERHTELLZEEXRHY
Table 2 The correlation coefficient of soil C, N, P content and stoichiometry in different soil depths

TR

Soil depth/cm ¢ N P ¢ cp NP

0—10 1 0.22* 0.09 — — 0.04

C 10—30 1 0.30** 0.23" — — 0.13
30—80 1 0.33* 0.15 — — 0.22*

0—10 1 0.25" — -0.11 —

N 10—30 1 0.28" — -0.15 —

30—80 1 0.41* — -0.04 —

0—10 1 -0.07 — —

P 10—30 1 -0.14 — —

30—80 1 -0.17 — —

w . TR BEMAI(P<0.05) ;" . TR BEMHI(P<0.01) ;“—" FRIETE AR KR A REFATH 047

BURORE , RF R E A ¢ N P SR HIHR 2 MR, BRI ,C SRS NP H
BN :P IR, b 5 N S8 AHCHER B3N S5 P SR ENEEIEMEK, 5 C:P HEAM
%P SRS CN MM,

3.2 48 C N P A2 it BRI B i R R K ) AR fh k34

M&IUE KR RY], L4 C FREEEFRE T & 2EE LG TR EHE(E 2)  3A R E 1
M5 ,0—10 cm M 10—30 cm 21 C &5 S5EBEIE 2 A1 I &6 56 Rk B 8 &K F (P<0.01) ,30—80
em P ZHIMEIUE XRZA R E (P>0.05) , BSR4 )2 (0—10,10—30 cm 1 30—80 cm) +
B C SRR A X RAEE(P>0.05,82), 0—10 cm J2 138 N 2 i 5 4F 3418 B 09 FH st 2 90
LIHE TR (E 2) , B2l A 5 Rk 2] 8 7K (P<0.05) ,10—30 cm JZ 1 30—80 cm 2 N & i
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Fig.2 Variation of soil C,N and P contents in soils with the average annual temperature and precipitation

TSR AR 0—10 em 82 C 2P FLRAAR I BE 2 800 W3 19 L T34 (P<0.05) , Hofth 4% )2 £ 51
C:NECRT C P LB AR 2 7L AT R i A3 I oA s H B S A AR fh a4 (181 3) Bt 6 A1 X TR A 85 ,0— 10
em F110—30 cm JZ 3 NP HLIEETHR , HEMCR B3 (P<0.05) ;30—80 cm JZ -3 NP HAR SR
BUXF AR AR AL A B S 1Y, 5N PRl AT S8 TR i 15 AR Bl A R K = A3 T, 0—10 em A1 10—30
em JZHY NP HCZ P T8 ELURE B G R 38 B B 7K1 (P<0.05) 530—80 em JZ 13 N P LE [FIFEARBL X
AR K 7S A 1R B S
3.3 1 C N P AR SRR R A DG

BRIELEE R K A, S FRAL R T 22 18] B A EL AR A i 58 ¢ N P Ab2iit i e Rtk , A RS i
RDA FARAHI 22 13 C N P Ab2E B AR E S B F 2 A A A E R, 0—30 em 21, 48 C NP
MRS T A 1 h 0y R B 40 9 58.3% Fl1 3.5% , 465 T g AN IV Sh iy i e A 22 F R 1.2%
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Fig.3 Variation of soil C: N : P in soils with the average annual temperature and precipitation

X3 C NP A2t RR R FEREE IR -5 & 1 SRR A8 R 98.5% , H KA1 0—30 em JZ2 14 C N P fk2%
HHERE SRR TR M kg, 30—80 em J2H, 13 C N P fb2# it AR IEAE S 1 HhAss
11 4 B e R AE 20 01 R 43.0% 11 1.2% , BRI 3 C N P fb2A i AFfE AR il 44.7% , HXF +3E ¢ NP
A2 AR RO BR S PR T 06 R 1Y 2 EUE RS 5K 97.2% , F I J AT WG il BE 5 A i i 1 I 3 ¢ NP fk2Eit
HRE SR N FROCR  JFH EZ W 1 e,

H—153] 0—30 cm JZH130—80 cm JZ 14 C N P Ab2A i R E S HEYL N i —4EHEF I (B 4) . W
K 4 ATLUE L TE 0—30 em 2, BHES /K85 28 8 097 Sk s e e, it T 35 K 2 5 25 8 6 0—30
em 23 C N P AL2A R IE AR S A R Re, HIES/KES C:P NP {EAUE L, 5HAb b1 &
FRIF(E R L RS NP EEUZ L, 5 HAb A AR E T L, B P AR,

MK 4 T LAE Y 7E 30—80 em J2HT, 3 /KR A SRR A i A Sk i R R K, T A K R A+
AR & X 30—80 em JZ 118 C N P fb2= iR RHE A ARG RE . HIESIKE S N AP (EHARUE L,
HHAMAC R R E RO L A AR S S %S C C:N.C:P MNP BIEH, 5 N fl P A%
K,

25 LR, th 4 HE Y B 0T LUE R TR 42 BB X 3 C NP Ab2A T RRAE 9 52 i A7 7 i
1=

F2E Sk X P A T 1547 Monte—Carlo #5536, 1551 0—30 em 1 30—80 cm JZ +IEFAL A T30
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0.8 N O_3ocm
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P
_04 I I 1 1 1
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S...
...................... C/N
-0.6
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B4 0—30 cm 130—80 cm E 11 C.N.P LE T EHTESEURFX RN TR ZEHFE
Fig.4 Bidimensional ordering chart of the RDA of relationships of stoichiometric characteristics of soil C,N and P with physicochemical
factors in 0—30 cm and 30—80 cm
SWC : +355 /K 2 Soil water content; SCC : 3% 3 Soil clay content; BD : 58 Bulk density; EC :H &3 Electrical conductivity
Pl ef SO SR FISE R 18 C NP AL HEERRAE 128 D A7 Sk B R LA IR T, HE h-5 # Sh e 2R A I f - AR SRR
AN TSN FRITASCHEBOR . Hi3k LAY KRR 13 C N P A2 R RS L3 B R 7 SC R B R S8 WA G MR R
WSk L Z AR 1 22 7s 13 C N P AR b HERFIE S BRBE PR 1 2 [ AR R/

FEEERHET (% 3) . 0—30 om JZ A SEBALIN 7 AYEE Sk i R BNRY O - ISR A pH | HERPRL
R ISR AIAE X L C NP AL TR RRE R R 3 (P<0.01) o 30—80 om JZ L HERR LN
TR E B KRBV RS KR RHERORL S B R A pH, Hoh S OK R £ C NP
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it AR R I A 2 3 (P =0.001<0.01) , H3ERDRL & BEXF C NP A2 i AR AR 2R 3 (P =0.024<
0.01)

#£3 0—30 cmf130—80 cm ELEEU N ETERBENEEHHFMEEERIELER

Table 3 Importance sequencing and Duncan test of physicochemical factors in 0—30 cm and 30—80 cm

+RRE EiEgan HEVAY - »
Soil depth/cm Index Importance sequencing
0—30 TS KR . 14.83 0.002
30—80 T+ A KE 12.97 0.001
0—30 foiiy 5 10.96 0.003
30—80 TR 11.27 0.024
0—30 pH 10.42 0.057
30—80 RS 3 9.76 0.062
0—30 TR . 8.29 0.06
30—80 K 6.11 0.08
0—30 EERS 5 4.83 0.08
30—80 pH 2.05 0.35
4 it

4.1 JREEFEEAR LHE C N P & i Ak 2= i i Rk 9 52 1)

H AN ) 4l DX 4 2 T B FAE R K A7 AR 22 57 15 € NP S i 25 B0 A A TR) 510 4 25 A 5 o
LU 2R XU SRR AR R HEA AL C R4 N AT R HHEA ML C M4 N & BAA/E S B B E 4 8] 3 456
PEVOT IR N BRI ST R IIE AN R IR 22 SR A AL C e N S EACR B R AW S
W ZAZARN FHEAHL C T4 N JEAT THIFSE , 25 SR R0 = B R B IEAHEE 2R (P<0.01) ,iX 5 b iREE AR —
., MISEWFFEUE] , 48 C B9 B BRI IE Y 00 A AA BT i A N A BRI R A A R
FIA ML I, 3 C R N 35 R 8 N A G, HL % 2 a) A0 5L 5 3 TR A G, I Y A IR o A o — 3K
PEU XAEARBFTE T L B R I F I SR B A F S, —F W EA R R E N IEME R, KEFeEmN, +
BERIZADL C 4 N SR RTHRZE AR 5 A8, R2H8a00 C fie N EERET
LRI B A R 5 2T I BRI S s R R S AR L TR R+ HER )R ,0—10 em ERAEY R LB IR
I 90% LA L b 3R 2 LA HL C Fiee N WS A B, A2 mAa Pl C | i ny F 2
1 ,0—10 em - HE2 TS 32 0 B FNRE K OS2I , DI 52 i 1 A 3 2 (0 A 400 5 AR AN B A 0 3 v, (49 3%
Z AN C e N FRAESERTIRZ,

WFFE R, 34 P R AR R T HIEA ML ¢ fide N ZEARRFIEH,0—10 em HIEZ 42 P S
H0.171 g/kg, ETIHE 0—10 em HHEZE 4 P SR 0.78 g/kg ™, IF H 34 P 7 5k (3 21005 A1 23 [7]
A SR BN X T A P EEOR A T A KL B RS RARME, B DUAE R AR geh 0—
10 em 1 10—30 cm 3824 P & G BEE 4F 471 B AR R K B B34 I i & AR ( P<0.05) , X 5T A BT
F—E AR R R SRy L R IR SR Y R 4 P SRR E N R, IRETE
S HEXAL R RRK S P OCE R R AT S B 4 P S R ARRAE, k4 P R
AT SAJ 30 P AT A K 2 O B4 M0 T /N

M AR ANIFFE R C N 2 S BRI A /N ARBF ST € N AR Bt 4 247 L A R K et B
B E SOR T R AN C Fie N AR M2 s S (R d T HHEAHL C A4 N b
T RE R AR AR 1 23 (8] oA P — 350, AT S350 T3 A 132 €N B e

0—10 cm il 10—30 cm JZ C : P Fifi 247 24930 B FNAT R K S8k 0 38 KT 1G5/ ply T B0 b 2 7= %
i, A5 38 C R4 N A& b M 75, ki 300 PR RIS T 0—10 em A1 10—30 em + )22
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Y P AR, A N OFIA: PORARY) A KT O ) B8 FRon R W AR S RGP RO R LA R T
R SRR A P A RO A LS A3 R R C 2P EE/INIT U P A A
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Fig.5 The relationships of mean annual temperature and annual precipitation with longitude
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