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Plant and soil ecological stoichiometry with vertical zonality on the northern slope

of the middle Tianshan Mountains
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Abstract: The proportional relationships of nutritional elements with plants, soil, and the environment have been studied
intensely. Relationships that occur along continuous environmental gradients should be analyzed to better understand these
issues. There are obvious differences in plant and soil types at different points along the hydrothermal gradient, which
provide a unique advantage to examine the vertical spectrum of plants and soil ecological stoichiometry. In this study, we
examined organic carbon (C), total nitrogen (N), and total phosphorus (P) in plant and soil samples collected along the

altitude gradient of the north slopes of the middle Tianshan Mountains ( the altitude of which varies from 1000 to 3840 m).
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The results showed that (1) with increasing altitude, C, N, and P content and the stoichiometric ratios in plants leaves
differed. C levels were almost invariant, and only the mountain needle leaf forest had significantly lower C levels than the
subalpine shrub meadow, alpine cushion vegetation, and piedmont scrub ( P<0.05). Second, N content and C :P and N :P
ratios first increased and then decreased with altitude, and levels in the mountain needle leaf forest and subalpine shrub
meadow were significantly higher than in the mountain desert steppe, mountain steppe, and alpine cushion vegetation (P<
0.05). Finally, P content and C :N ratio first decreased and then increased with altitude, and were significantly higher in
the alpine cushion vegetation than in the other vegetation types. Moreover, levels in the mountain desert steppe, piedmont
scrub, and alpine meadow were significantly higher than in the mountainous steppe, mountain needle leaf forest, and
subalpine shrub meadow (P<0.05). (2) There was no significant difference in C content among trees, shrubs, and herbs,
and this also true for N and C :N ratio. However, P levels and C :P and N :P ratios were significantly higher in shrubs than
in herbs (P<0.05). Trees and shrubs were largely limited by P, and herbs were limited by N. (3) With increasing
altitude, soil C, N, and P content and the C :P and N :P ratios first increased and then decreased, and were significantly
higher in mountain needle leaf forest and subalpine shrub meadow than in mountain desert steppe and mountainous steppe
(P<0.05). The C:N ratio decreased with altitude, and was significantly higher in the mountain desert steppe than in the
other vegetation types (P<0.05). (4) Plant C :P ratios were significantly correlated with the soil C :P ratio, and the
correlation coefficients of plant and soil C, N, and P content were less than that of the plant stoichiometric ratio and soil.

These results suggest that plants are mainly influenced by soil through stoichiometric ratios in the vertical zone.

Key Words: ecological stoichiometry; soil; vegetation types; vertical zonality; Tianshan
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Table 1 The vertical distribution characteristics of climate in the northern slope of the middle Tianshan Mountains

1R Temperature/C [%7K Precipitation
J= it ¥ > =) A
%ﬁica\‘l{%l?:lalic zones ﬁjﬁgz $?Ii§}:;§ﬂ% gﬁéﬁj{jﬂ PR/ mm . H'Stéfg
MTWM MTCM MAP Aridity index

AL P AR | o AR SR A 1000—1300 20—26 -20—-12 100—300 30—60
Ly U 2 T 5 Ji A 1300—1800 16—20 -12—-11 250—350 1.6—2.99
F L FE R AT 2 AR A 1800—2800 10—16 -11—-9 350—600 1.0—1.59
SV 155 LUy FEAT 2 0 1 A <A 2800—3200 3—7 -18—-14 350—450 <0.99

o Ly FEAT 2 i 1 ) A 3200—3800 3—7 -18—-14 350—450 <0.99

1o L FEAT T A A 3800—4000 0—3 -20—-18 — —

I H S5 . Mean air temperature of the warmest month (MTWM) ; %% H SR - Mean air temperature of the coldest month (MTCM) ; 4FE
[ 7K it : Mean annual precipitation (MAP) 3 fif Ll AR B | AR S LR HF « Front mountain-alluvial plain temperate zone; LI 3BFE R H7 2 5280 JR A i
Semi-arid grassland climate in mountain cold-temperate zone; Hrl FE TR A IR IE £ RS 5 . Semi-humid needle leaf forest climate in middle-mountain
cold-temperate zone; V.= L1 FEHF 4= 1031 55 4] S 4% . Semi-humid meadow climate in sub-high mountain frigid zone; 7= Ll FE4H5 2 {1 w1 S % . Semi-

s i e e

humid meadow climate in high mountain frigid zone; fon LU FEHFFE IS A% : Desert zone in high mountain frigid zone

R2 HRULEAREERGEETENHREY R TELE

Table 2 Themain plants and soil types along various altitude gradient in the northern slope of the middle Tianshan Mountains

' R HE R FEERER YT BB
Codes Altitude Vegetation types  Main collected species Soil types
LRGN ( Tamarixramosissimaldb. ) & B3 ( SalsolacollinaPall) |
I 1000—1100m WIHISEBE R AEAE S (Kareliniacaspica( Pall. ) Less) J&BETE 1Ly i -

( Peganumharmala 1..)

Hrimst 3 (Stipasareptana Becker) | B PKEL
( Agropyronpectinatum (M. B.) Beauv.) . ¥& % ( Artemisia
I 1100—1600m 1 B friggidaWilld.) \/N3% ( Nanophytoneriaceum ( Pall.) Bge. ) ./NBi#E 1L Hb 545 4
1€ ( Ziziphoratenuiorl..) \BE 9% ZE ( Ceratoides lateens (J.F.Gmel.)
Reveal.et holmgren) . KAl F( Hyoscyamusniger 1..)

JINBE ( BerberisthunbergiiDC.) | 2 $il #% 3% ( Rosa acicularisLindl.) |
il 1600—1760m LA HEAR PRI T ( Cotoneaster melanocarpusLodd.) E53 )L TR (7R AR
( CaraganaleucophloeaPojark. )

Hy = K2 ( PiceaSchrenkiana) K 111

( BetulatianschanicaRupr. ) , KIUMI ( Salix tianschanicaRgl.) K 1L
AEMK ( SorbustianschanicaRupr.) | #.4& ( Lonicerahispida Pall.) | 7]\
BE (Berberisthunbergii DC.) E#5% ( Geranium rotundifolium L.) |
KW P &K B ( Alchemillatianschanicaluz.) . - 4 7+
(Aegopodiumpodagrarial..) . F-ZATR ( Poanemoralis 1..)

B gE 7 KA ( Juniperuspseudosabina ) . % ES B ( Geranium
v 2800—3100m 5 L HE O\ ) rotundifoliumL.) K1 PIAK B ( AlchemillatianschanicaJuz.) . ‘K g% WL+
i ( Leontopodium R.Br.) A IEREOR (Poa alpine L.)

2185 55 ( KobresiacapillifoliaC.B. Clarke ) &A= i 5
( Kobresiahumilis( C.A.M.) Serg.) BRZf2H o

v 1760—2800m ITEiLRA RO N TR L

v 3100—3500m GEERY ( PolygonumviviparumL.) . & % ( Carex spp. ) .15 LI BOR Al
(Poaalpina L.)
A B8 i B ( Thylacospermumcaespitosum ( Camb. ) Schischk ) | 4

Vi 3500—3840m 1L O ﬁﬁﬁi(Elymm spp-) \f%IJ_I}ﬁiﬂ_@*ﬂ—(Androsacealganvcz.) EEHA RAINREN A

R ( LeontopodiumochroleucumBeauv. ) | R H L ( LagotisGaertn.) ., /D4l +
TCIR AR & B ( CarexmelananthiformisLitv. )
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KFET 2013 4F 8 H kAT, WAIKTEEA (1000m ) B =544 (3840m ) , #548F 100m —MEEHRERBE , 7E R BREE N
W 3 AR (B RFE R IE R T 100m) |, 73 PR ETTAR)Z ERZE HARZH S EA M 7 JFRERZ
(0—20cm) 1338 HREEFAYIE 5L 294 4y, 1AL 87 17,

MFFIAZE  FERARAE S A1 3 4 20mx20m #£ 7, AT REAKE R, BeBI% - Y AR (1) 3 MRAE A R A
PR, RIEAR VU F AE 4 DI 00 R BT AN RS AL A I RIS, SR DU A TR R B ARE AR PRI,
LTS e LN

X TFHEARZE AR RS Fe RFE AR IR, 43 5040 1% SmxSm A5, 0 5 Hb A% i es s, 35 B3 30 °F
BRI 3 BRAE R SR AL, 4 B TR A2 RIRE I 5 T BURE 5 ARE S ASARic 7 Ml S0 2= Ab B

YT R FERARAE S MR Imx Im YRRy R AE T N BRI & 35 SRR B R E R
ERETT AR I 13847 B AR ASARIE 7l I SE B Z Ab
1.3 B

FHTE it A HL C 42 N 4 PRI 78 105°C ML 1R 7 30min, 285 65°C FHET 24h, ML /S 9HE
a3 0.149mm 3 (100 H ) & H . ML C 10 >R FH 8 A% TR e - e S Ak s 5 4 N A I e >R FH A % -
AR A BE B I OB BRI E , 4 PRI R B R - SRR TH A AR BRI L ke

FHFE BHEA L C 4 N 4 P FES AT IS &S 0.149mm i FH . A HL C I R
TR A -FM I IA: ; 884 N AT R Y805 ; 234 P AT R IR - B b L (e,

1.4 HdEabH

K H] Eecel—2007 1 SPSS17.0 4K % Eictia #4752 153 H7 , B origin9.0 /R, #EYIM 5 158 C:N C:P
MNP AR R E SR R, S AR A 5 ¢ N P & L2 o i kv
WAEY) e 3 C N P S EFAVIE, & EBAEYI - C NP & R R AR HE, R
AR ZR JT 2 (one Way ANOVA) 73 AT LB [RIAE A 8 O R AR 36 BUAR i - € NP & i e ot L 25 5%,
FIBHEHS R C N P & i KT I REI (p<0.05) 5 2R B 2R J7 22 70T (one Way ANOVA) 734 A8 )
BRI +3E C N P &8 L HI TR U255 R Pearson AHIE 0 Hr ik HIW Y 5 3% C N P &8 S H
THa 2 A AH G

2 HR55%

21 RS C N P A B GH HBE 3R 07 (LA
211 ARSI C N P RIGHE AR

IR 1L R BRI 0 C N P A A R A AE 22 5, RO C ik, L bR
G 5 LA B A5 L ORI R L M AR 82 4] 25 S R (825 (P<0.05) , HHII M N
Gt B IR 2 T LL M LA 9 L 0L DR 0LV A ) 2 5 T L
SRR RIS L AR (P<0.05) . HAYIIT F P At LM L B 5N L1 ) = 2 i) 2 S R
B AR R TN L AR 5 L AR R LR AR ( P<0.05)

HEIE I oN, 5L oA bl 3 0 T H 00 L M T 55 L A 5 0L 256 34 25 5 T
LB S5 IR 5 L A B ( P<0.05) . REHII H C <P, 1Ly I BRI 5 L A 25 o ) 1 5 5 1
HOFERERE I L Hb 25 JEORIES 1L B4 (P<0.05) . AT Fr N <P BHIH BRI 5 LU A 5 ) 53505 T 1Ly i 2
B LR LA RSB LR ORI 5 L A B 3 2 A5 8, LR T
161, TR 1L S50 LA 95 L ) O LR 2 (VB e | FL/IN T 1401,

212 RFAEFARYI Y C N PRIk A
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Fig.1 The difference of leaf C, N, P contents and stoichiometry in different vegetation types
T WSt )5 T, b5 . (URTVEA; IV . b Brntbk; Vo s Ll AR VI i i) VI, o Ll HeRAT

AR>EA, =FHZMERALE MY R NS, AASEARSTA, =2 HEFOARE, EYHH P&
L EASTRASHEA, AR R P &8 B3/ TRRAREEA (P<0.05) . Y F C:N, LB RN 24.6—29.
2, HASHEASTIA H=HZMERRLE, HYR C:PEASTASHEAR EASRAZRLE AL
TEAR RN B A A AR B35 25 5 (P<0.05) , AEHIMH N <P BEARFITRAM A NP BRTF 16, BAN KT 14 /)
F 16, HER B ERFEA  FoA SHEAME AR B2 5 (P<0.05) .

x3 AEEFHEYHRE CNPIERELFITER
Table 3 The leaf C, N, P contents and stoichiometry of different life forms

M3 Life form C/% N/% P/% C:N C:P N:P

F*AR Trees 49.24+8.31° 2.37+1.08" 0.14+0.06" 24.6+9.8" 400.9+138.4% 17.6+6.0"
A Shrubs 50.71+7.84° 2.12+0.87" 0.13+0.06" 28.2+12.1° 483.8+199.8" 20.1£12.1°
HAS Herb 47.44+9.34° 2.07+0.96* 0.18+0.09* 29.2+15.9* 314.3+119.4 14.4+10.4"

BB 5 A RING FBE SRR IR — AR 7E 0.05 ACF R 28 R 3 R R/NE FRHMUER 22 5 3

2.2 RIS+ ¢ N P i ST B IR 0 AR T ARRAE

H L2 T, 398 C N P & B3R T = AR B ., SRR BN e TR S IR s, 1 &
S, L bR I g L AR ) g L ) = 2 R 25 N (A R T e R L ATHEA (1
S TR DRI L T T e L DR AR B S v T L M R R RN L L L (P<0.05) , RN SR, il
B IR PRSI 737 L A ) 25 L b S ALyt R L R A T L AR S R T L b S R
LR (P<0.05) o T8 P i WV ey LU DA oy 1) e o) 45 40 38 v 7 L b S8 o o 5 Ji | i
K (P<0.05) .

3 C:P NP R R A AL S C N P SR AL (& 2) , T C N ARARAS[H] Bl I 4K A
FrmmikEAR, TR ILAEE 58 C N, L b TR 5 ) 2 e T A B 2 A A A AR A 2 R 22 AN B (P
<0.05) ; 14 C:P FI N :P ¥R . I Hb BT R I 25 50 T 1 M STE 8 B it 1L Ml e it L iR | L B
LLPARCRAEL A , LTV AR IV e Ly A RE i) dd 25 8 T LUy b 32 V88 20 JE R L b 5 S5 ( P<0.05)

2.3 HRINIEEHEY S N T R IR LR R

4 AT MR C N f & C:NLC:P NP 5EIERXFRI C N & C:N,C:P N:P NIEFKK
R, YR C NP &S SO R BN, A R C:P NP 513 C:P NP HSCREE K, WA
YR C:P 5448 C P MR E (P<0.05), MY R P &S £ P & B R AR
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Fig.2 The difference of soil C, N, P contents and stoichiometry in different vegetation types
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Table 4 The correlation coefficient between plant leaf and soil C, N, P contents and stoichiometry in northern slope of the middle

Tianshan Mountains

. M F Leaf
13 Soil

C N P C:N C:P N:P
C 0.269 0.346 -0.631 -0.241 0.704 0.655
N 0.412 0.298 -0.552 -0.189 0.640 0.560
P 0.608 0.004 -0.338 0.115 0.447 0.253
C:N -0.490 -0.272 0.420 0.115 -0.402 -0.330
C:p 0.097 0.423 -0.737 -0.336 0.764 " 0.746
N:P 0.299 0.364 -0.673 -0.26 0.707 0.635

# . FE 0.05 7K (RN ) b2 A A

3.1 MRS AR UL
311 RRIHEBAEY A C N P i R B AR AR

55 BN E SR R ROBE R AT L, AR DXt 7 € & s N P SR BUR (AR 5) . i pixX fh 22
S PR Bl AR 25 R GE AR B0 I A I 32 08 5 24 XA R 0 e, DRI, Bt A 25 R G B 3 0 IR DL

A AR R A DX IR S

x5

mRILdcEEYI R C NI P EES5HMAERMILER

Table 5 Comparisons between leaf C, N and P in the northern slope of middle Tianshan Mountains and other studies

5 X35, Study region C/% N/% P/%
2 ERBEHAEY) Global terrestrial plants 46.412] 2018 0.18'8
2 ERGAEFEY) Chinese terrestrial plants \ 1.8601] 1.22011]
o AL R BB 25 R e ol - i
Plants in forest ecosystem along the North-South Transect of East China ’ ' ’

HhE Fb A A R G Chinese grassland 4380121 2.0201% 0.15011]
i B A Y Xinjiang grassland 43.4012] 2.59012] 0.19[13]
ARWFSE This study 51.9 1.80 0.17

B—SIHIE 5 BRI | S0k
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T R TR 7 =2 ) A v VA DX IV g LB A ) s g ) R g LR B ) A R C SR
T A AR b X (L S R R L R LR VR AR IR ) | 3 AT BB PR A R SR SR TR
R C fE " HE s ) SR SR A AT R RS S C

B BT R B N S 2 e T e BRI, e R e L ) RS 2 R 22N BRI R
e LR B, e VR DX R I R R R R A A AR A 5 R, R A B — il ML
A FE Y BV G T I B B A R BTt T BRI A X AT S AN R S B R A B
ZE5t, WAN RIS R B S A 0 I e N A, T VR T R A N
Y EARBF T AT AR S N R, X 0] RE R T AT AR A AV P L N S R AT AR AT
B, AN N S EEE 1A YL 2l 5 S A 5 N B, AT R H AR 4r A
A AR A R R N AR,

Y R P i BEVER A T 58 T RS T, S5 s Ay v LU ) R Ay Ll VS TR Ly b i B
PRI/, X AT BB . — AR — R A AR UL, RV XA P i R R S R IR S
S, BB BRI A —Ffad B0 s = SR A PR 35250 B T 2R LA B A3 e AR TR B I bR 3 K 2 R AR
ML % (R AR KRR o FH TR A TOAG) s AN A I 0 | i s A B 22 e 3 o0 Pl A 7

HPIR A C N AT C P FoRI IS FERTRERIME C AIRE ST, nT e A i 35 0 R AR ) AR SR
TR, RIS AR B 0T 7 CoN R C 2P s P Bk 247K (22.5 Fi1232) |, (] s v R e
HIPINT R C N K (17.9) 1 (B 4040 T B R 3 AL REA AR MRS R 48 102 ARk €N (14.1—
64.1) Al C:P(70.9—838.6) YWl ™, U Wiz b X A9 A 352 70 R RCR B, EAh, A4 P9 C NP
S MHAT R Z B REBL N GRS X C N AW B F R, P oL E SR C:P A B EEm(E
6) , VLI L XA P 75 5> R FHRCR e 28 N P S i,

PR N P AR2E R E 52 R 5T RS i S TR R i, D T A AR 1 A R SR, SR AE A A R PR
HPRBE (N =P < 14 Jy N BRI, N <P > 16 S P BRI 1™ o AWRSE g it opRon 0 5 L AR () N :P KF 16, P
RY T BRI B A A BRI G 2, HABRE BRI /N T 14, B2 N BRGIRL, FEAR XS A N P
bR N S A e R 3, R 2005 € oN L C P A 2 UE TR W RS 3% 00 R A TE— 2 1 HL 1) 56
R, HAEZHX N SO & A W oe Z e il EEAEH (L3 6) , B A BIBIFSE t 2 WA R H At 7 Ak
B 7 F ARG R

®o6 EUHAF CNPIEREITERZERXRY

Table 6 The correlation coefficient of plant leaf C, N, P content and stoichiometry

JCZ Elements C N P C:N C:pP N:P
C 1
N -0.2 1
p -0.156 -0.305 1
C:N 0.372 -0.961*" 0.139 1
C:P 0.318 0.425 -0.940 ** -0.258 1
N:P -0.11 0.877** -0.671 -0.794" 0.765* 1

# % E 0.01 ACE(RUI) EBEMSE, = . 7€ 0.05 AKF(BUM) 1 BFH
3.1.3 AFAENER C NP AHiTEH2ES

PR IEYE TR FEARRFNEA = Fp A FE R R 0/ C N S8 C:N 25 A% 1 P & & C:P fl
N :P fFAE 25 (P<0.05) , PEBAAS [ Az 1 TR W 0[] — A5 PR 110 385 102 B8 T3 AN ], Jr 2@ B K 114) 35 40388 17 5 s AN
@, AAHPIA C N & C:P HIN:P & FHEAMY),P & C:NKTEAMY , X5EH MRS R
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A—2  ARBEM A N & Han 2" FD Warren 251 O EARY N &8 25 TAA  BABIHA
RPN SaE T REAMEY , XTfeEi TAAREY 5 AR AR RF N LR, Y N BREZ /), 7
o2 PRI AR P A
3.2 MRS R RRIE R

W25 SRR, RILAbY B AP0 C & N 2 P P& EHR 7.35% .0.14% ,0.09% , = T 4= E - 564
HLC. &N 2P FHEREN1.12%.0.11%.0.07% ", SEER L30X K KA R T ERYRNE, +
RN IR o A 4 B AR R R A 3R A0 A AR DY b R Ll b A TR AR A A SR R )
(&),

x7 HRUIEKAEEHELEE C NP SESER

Table 7 The degree of soil C, N and P contents in different vegetation types in northern slope of the Middle Tianshan Mountains

HEH A Vegetation types C N P
11 37 BB Mountains Desert Steppe i vi 1ii
111 #1 52 JFL Mountains Steppe iv vi iil

I # AR Piedmont Scrub i iii ii
1L &t bk Mountains Needle leaf Forest i i
W5 LU A B fe] Subalpine Scrub and Meadow i i
Er LA Alpine Meadow i
1 LI HOIRHEHE Alpine Cushion Vegetation i

i
i
i i
i

iii

AT UL AHIESE XN EHEA AL C A P i, 1 ELR R B S A0 [R) 22 524/ 18 N S s A1, 1 L
AR, t4E C N P S AR A7 AE P R R L DX (Ll BT bR IV s L B DA ) L ) R g L
ARAE B HE ) TR AR M X (LS o Sy | L b S | L RVE A ) MR, Ul BH K I & S R S 4 1 £
MR RE ) X 3R A0 i i TR T R R IX

— B, EHEA LR C N 5 HA MR R R, RIS AR R B + 8 C N R i & 22 5,
VA R LA [ e 26 78+ AT HL el B AR . ASFSE v, B3 €N B35 & T sk 4 [E 14 C :N Py
KA (14.3 A1 10—12) % JERJE A FAE AT A ML ¢ & s T EMEABIX ¢ &R, 2k
HCNAER,

HHE C P FRBEA S ME R R RS X R AR K A F B mER N, pR LY - C P EE
(73.06) , 7ERE AR R G AL TR KEY | U6 % X+ HEm i G RCrEge . i ELAS [R) A bt 2 + 38
C:P fAfEREZES e Mg s, IR FRAL, A 25 B3 RO MR £ 8RR EHE C P
ek 2 T A C P ) Y SRR AT R AT AR B S R AR B TR A B A W B AR AR BT
A B PR A3 fif TR SR 4

158 NP A] DI 540 BRI S B A A Bt 48 A , R IL bR Rl AE 80 18 N P Ao 25 25 5, B
AN TR 78 2 ) A AE AN R B R 0 BRI 2R b IX -4 NP /N, R R e N S A X 4IG, i P 3 it
BEHE,

33 MYEEZEER

YR AETC R EEORE T 3, K s S B3 rh S EEm UM, AU R EY N P 5+
N P Z [AfF7E BE MR IEMICE R ) AR5 b ¢ N SRS HH C N S REEMEER,
MR P &S R P S A AR (AR B3 (W 3) . HIYIAN LA e E i & 2 2
PRk A K R BB RS ERE R R AF IR AR, S SR R S R RAR DY X —E
TR TR B e R e S R MR B3 kY P &S R GG, MR T
3P SRR, YA C NP IHE S 13 C N P IR AHC R ¢ N P SR Z MR BOR,
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Vi IH = 3 5% 43 E o XA ) 52 W) = B3 5 AR S Ak 2E T HOR R
4 it

R AL A A S S R R T A P R LA BV T A C SRR A N

i C:P NP ST AR, P &R C N DR SERERS T 1 C NP &5 C:P N :P BTSRRI, C :

WU — LA, FETE B b b B A A R R A I IWAETRBOR TR R

ARFREAABA 22 80 AR REAR 252 PRI, A2 N BRI, X T2 XA 9 32k

SAATH IR PR 23 O AR A A AT B JRAS A IR R RE A A £ B AT E R e R
P WeAh i 5 BEAEAN R RBE e — RIS, IR LA [ 3 DX - S B 5% 119 L
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