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Characterization of Qinghai spruce and understory soil chemometrics at different

latitudes on the northern slopes of Qilian Mountains
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Abstract: An in-depth exploration of the spatial patterns and drivers of plant and soil stoichiometry is important for grasping
elemental cycling and quantifying ecosystem responses to environmental factors. This paper experimentally determined the
carbon (C), nitrogen (N) and phosphorus (P) contents of Qinghai spruce tissues and soils at different latitudes on the
northern slopes of the Qilian Mountains. One-way ANOVA, Pearson correlation, and redundancy analysis were used to
reveal the stoichiometric characteristics and key influencing factors of Qinghai spruce and understorey soils at different
latitudes on the northern slopes of the Qilian Mountains. The results showed that: (1) the C and N contents of the Qinghai
spruce tissues and soils decreased with the increasing latitude; whereas the N:P and C:P of the Qinghai spruce tissues
increased with the increasing latitude, and the N:P and C:P of the soils decreased. (2) The nutrient distribution of Qinghai

spruce tissues was unbalanced, with the content of C and N elements in the order of leaves>branches>roots, and the content
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of P elements in the order of branches>leaves>roots, and the N:P of Qinghai spruce branches and roots being less than 14,
which indicated that the growth of Qinghai spruce in Qilian Mountains was limited by soil N element. (3) Changes in soil
factors (water content, pH, bulk weight, SOC, TN, TP and SOC:TN:TP) and climatic factors ( mean annual temperature
and mean annual precipitation ) affected the elemental content of N and P in Qinghai spruce tissues. The soil factors
explained more of the N, P, and N:P of plant tissues than did the climatic factors, in which, the plant leaf N and N:P
were positively correlated with soil TN and TN:TP (P<0.05), while plant root N, N:P values were negatively correlated
with temperature and significantly positively correlated with mean annual precipitation ( P<0.05). The study helps to assess
the plant-soil nutrient dynamics of Qinghai spruce ecosystems in the Qilian Mountains, and explore the mechanism of
nutrient regulation and allocation in Qinghai spruce forests at different latitudes, with a view to providing a scientific basis

for the sustained and healthy development of forest ecosystems in the Qilian Mountains.

Key Words: Qinghai spruce; stoichiometry; soil nutrients; environmental factors; northern slopes of Qilian Mountains
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Fig.1 Distribution of sampling sites in the study area and sampling photos
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Table 1  Statistical characteristics of soil SOC, TN, TP and stoichiometric ratios at sampling sites on the northern slopes of the

Qilian Mountains

TR E 2R A Bk 2R X0 A AL ek Lt

Soil depth Parameters SOC/(mg/g)  TN/(mg/g)  TP/(mg/g) SOC:TN TN:TP SOC:TP

0—40cm PIE bR R 22 64.89+3.92 4.74+0.36 0.36+0.05 14.23+0.9 38.6+7.33 498.29+89.96
R 97.2 8.48 0.79 27.29 104.93 1331.86
/MY 24.46 1.51 0.03 6.24 2.88 44.22

SOC : +EEA LK Soil organic carbon; TN . + 3 4% Soil total nitrogen;; TP + 348 Soil total phosphorus ; SOC TN . i & Lt Soil carbon to nitrogen
ratio; TN : TP &l Lt Soil nitrogen to phosphorus ratio; SOC : TP ; B# Lt Soil carbon to phosphorous ratio

2.1.2 3 SOC TN TP KAkttt He bl 4 5 148 1k

AR AL 1 = AR 23 (0—40em) C N P A2 35 8 R fb 2 He il S 44 K O BE 4 FE AR AL A7 A
225 (B 3)  BlEh EE AR, -39 (0—40em ) SOC TN 7% i i 2 F % ( P<0.05) , TP & i i 3 i (P<0.01) 5
TN:TP SOC:TP 13 % TF%(P<0.05) ;SOC:TN H A .3 (P>0.05) .
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Fig.2 Changes of soil SOC, TN, TP and stoichiometric ratios with soil depth at sampling sites on the northern slopes of the

Qilian Mountains
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Fig.5 Changes in C, N, P and stoichiometric ratios of Qinghai spruce tissues (leaves, branches and roots) with latitude on the northern
slopes of the Qilian Mountains
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Fx2 MELFEEESZHLEL(N.P N:P) 5B SEERFHHEXRE
Table 2  Correlation coefficients between green spruce tissues N, P, N :P) and environmental factors on the northern slopes of the

Qilian Mountains

AL Plant tissues M Leaf L Branch R Root

A7 H Variables AN WP ABELLN:P AN WP ABELLN:P AN WP ABELLN:P
FHHLK SOC 0.48 -0.88" 0.68" 0.48 -0.67" 0.57 0.43 -0.27 0.53
2% TN 0.88 " -0.82" 0.97"* 0.88 " -0.58 0.84* 0.21 -0.55 0.63
2 TP -0.43 0.16 -0.42 -0.43 -0.26 -0.16 -0.93 0.22 -0.83"
A SOC: TN -0.86" 0.53 -0.86" -0.86" 0.22 -0.69* -0.22 0.46 -0.59
AW TN:TP 0.72" -0.43 0.73" 0.72" - 0.49 0.78 -0.39 0.88 "
T e SOC: TP 0.5 -0.34 0.53 0.5 0.094 0.26 0.89" -0.22 0.81"
FK i SM 0.62 0 0.46 0.62 0 0.47 0 -0.35 0.33
FRIHE pH -0.35 0.11 -0.32 -0.35 -0.37 0 -0.49 0.3 -0.57
4T SBD -0.25 0.076 -0.15 -0.25 0.3 -0.42 0 0.23 -0.22
AESAIRIE MAT -0.53 0.42 -0.56 -0.53 - -0.29 -0.65 0.38 -0.75"
AR REK B MAP 0.51 -0.45 0.55 0.51 - 0.27 0.72" -0.49 0.84"

w AR B EKFE R 0.05, MR REEE/KFER 0.01, BT EE(0—40em) L2 A9 FIMH ; SM ;. +3E S 7K Soil moisture ; pH ; iR
B ; SBD ; +HEZR T Soil bulk density ; MAT ; 4-34 )% Mean annual temperature; MAP ; 535 [#% 7K & Mean annual precipitation

U, AR5 1L b3 148 TP Rifi i A8 b 0 R i A B A 2 - eSS, -3 SOC: TP Fifi 2 A8 b AS i 3% TN :
TP .SOC:TP Bfi%: B FH i i AR 250 b T Bt X 45 B A 1 /K R 1 A O3 2 (A5 A 7 4R s 9F 3K
+3 SOC TP F e, L, TN : TP SOC: TP [ ; ifii Reich 451 48 H | w5 4 3 i X &2 + 358 3= 2 A4 R il e
2, DT TN TP 23 bl 2 B T s/ )y , ARl AR 3 L1 A 3 AR BRAE , 3 TN:TP  SOC: TP 1) A8 Ak AR AiF B L7 12 i
FE I X 35k 4 0T BE Az B AT E R

I DR - Bt 45 B %) AR Ak — T T 235 M R ) 2 2 A R 4810 G T i st 5 i) RIS T P R 1) 55 A ) 20 R ) g
() K 44, DTS2 i R A AR AR5 3 5 55— I, il ad we i) = 3984 ML A9 43 RO AR/, 34 n s 2D £ 4 v
FIA R N P & il AR IR A K LT, X R 7 T A5 IR e A SR B ERE I 414 C N P fb2F 2 R AE
AZAEAL 100 AR R A A AR PR, M A AR A A 2 A B 3, WAL B R TR, A
DX I 0 B8 it v, ELRE 4L 20 N P 5 e B 4 R 3G G PERR AR, X — 258 A A TR R A A A
A N TRUERT S e F 3178
3.2 FEYHLUTE &R RREIE

AR LU C N P 2 i S T AE P06 9 0 A IS A 7 >R LA KX AS [ AR B ()3 i BE J) . C NP 7
BT E W E IR S AR FRAS NGRS (K 4) MR CN Fafom (B 4) X e A ER B 1E
B BRREA R A LR RS R RS S ML A as 10 AR N P DGR & B, RN R
HR 2R RIS B A E B TC AR il A g ik BT B, T A E 3 B R, A, Sl a2
M C:N L C:P SEXE B EARTAR (& S) |, AR L AU 5 1 = 42 AR K B2 P AR R A A T o i 32 4
FHOREmE B IAFE RN Y A AR IERE T, B S A2 1 SR 1 B A5 20 B 35 43 B WA 25 S Sk 338 7 AR 05 179 A8 16 R
RIRFREE A M e Y — o it NP B EDR B e M A K e 32 Nk P AR e R
1 2 AZRCRAR Y NP ¥/ T 14 HENZ XIS 18 2 A2 R KT B2 N TR BRI, 1 3.1 o Friz X s 4 e ny
B2 BN RIC R BRI, S RARAE A ) 2 S 88 B, A g ik 37 40 s AT 8 Bt < ARUZE o 0 e i Bk
FEYITEIA S 200 B BR 15 50, BR T 22430 NP B A5, 38 1 24 45 5 F0 R 114 it IE 8 48 itk — 25 1 78 37 95 o
B,
3.3 FEYHLIN P K NP 5HIEMAER T ZE R

P YA B Al R R B8 1 3 ) A B A A R 1 B D7 LATE AN R R B AR R AN 2 ) B AR K
ARG AR AN AR A 2 8] Y N AR IR R AT AR AR P 1 C NP5 S A Bl B 355 1T 725 A 174 ) B A
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Fig.6 Results of RDA analysis of explanatory variables on Qinghai spruce tissues (N, P, N:P) on the northern slopes of the

Qilian Mountains
RDA ; TUAYA T Redundancy analysis ; S50 BB BT L CEFT W AZHLU(N P FIN:P) ;25 DR F L ICEAE R T LN LP (R EF I 20
A B i ;BN BP (UEF B A W& i RN RP [URF B S SR A &0

Z A B AR CE ) At N NP 5 1 TN TN:TP 2 EAXE (32 2) , KWHF G AL X N P TE
AT IR 2 A 2 A B 4 TN TP 35 B B3 g 38 i, ik RV At A5 e A FH I B35 P, i B
ZH N P ICR ARG A Ko 72 h 5 S B 1, AR A S e A RE L (B BEZE 3, £
HSRYAAL P S BRI, B R AR OEFR (18 3 RIELS) X — 45 S5t 7 15 i 4518 —
WK, T A2 HEI AR A S 5 AR A SO HEA B2 AR AR R N NP {5 50 2 7 A
5 AR K A R DG (3R 2) X R A AR 2R T o 30 A A AR A R P R A T A R IR A
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GBI LA R A P B0 B AL R 2 s (EL R AR 2 G AL ) 007 WA AR , 3 SO P 7 9 20
B, AR A R AR AR LAY | TR /K f 3 22 2o (2 HE b S AT PR R AR i 8, % £ T RO I
FUFRHEAE I o DN T S5 A 2 1L A3 DX A P A2 e B 5 5 B 32 3 J )l B AR A DA i 5 4
B RE R YRR A FIAHSG . 285 LA B IREEIN T X A 4N BOFIAR JR AR AR R B 13 TR TR
AT (B 6) X —45 R GHE L2 E R —3C Y . DAERFSEHR 1, HHES /K (SM) A28 5 (SBD) L ik
A IR YRR, L4 pH (B 2 LSRR IR AR AT M . AW LS KR (SM) | pH (A 13
T (SBD) MM AT —E AR R (HS A 25 L 2 Uk s T A G MR R (32 2) |, AT RE R SR IA 2
ABIEFE SR EE R 40em TR, HBALE B A I LU M B AN [ 26 B2 _EAEY A A m Aot

4 Zig

(D) AR A I = AZ 2 C N P YREL B T = M REAIG, 158 SOC TN N:P  C:P Bl 25 B 1) T 5
T REAR, AV 26 B B Ll R T 4 4120 C N P ORI HRCR R AR5 A B R EFH IR0,
) B AZAARFEHLHN C NP FREAFEREZES A CN FEm, RAM N P &k, AAR
A FE ST S AR NP BN T 14, HENZ KA w2k K25 5 2 3 3 h JOT Z R, (3) 1
A AFIAR N P i e NP () BRI FORTR, R HE T2 FIRL N P & N:P AR fb i) 32 2L e
T, AR NP K N:P A fb Az e P A e AL RIS, Az HHEN PR R E IR, TR %
TR AS P 5 -+ 39 Sk HE I A it — 29T
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