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Leaf stoichiometric characteristics of different life form plants on the western slope of Helan
Mountain and analysis on their environmental impact factors CHAO Xinyan®, WEI Xixi*, ZHENG
Jingming“‘@, TANG Kexin", WAN Long”, ZHOU Jinxing” ( Beijing Forestry University: a. College of
Ecology and Nature Conservation, b. College of Soil and Water Conservation, Beijing 100083, China) ,
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Abstract; Dominant species of arbor, shrub, and herb in typical plant community at elevation range of
1 848-2 707 m on the western slope of Helan Mountain were selected, leaf C, N, and P contents and
ratios of different life form plants were compared, and the correlations of these stoichiometric indexes with
forteen environmental factors were analyzed. The results show that the overall leaf C, N, and P contents

are 431.58, 15.66, and 1.79 mg - g”', respectively, and the C : N, C : P, and N : P are 28.62,
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254.87, and 9.11, respectively. In which, leaf C content of arbor is significantly (P<0.05) higher than
that of shrub and herb, leaf C : N of shrub is significantly lower than that of herb and arbor, and there is
no significant (P>0.05) difference in the other stoichiometric indexes among the three life forms. With
the increase of mean annual temperature, leaf N : P of arbor significantly increases, leaf C : P and N : P
of shrub significantly decrease, and leaf N content and C : N of herb extremely significantly (P<0.01)
decreases and increases, respectively; with the increase of mean annual precipitation, leaf N : P of shrub
significantly increases, and leaf N content and C : N of herb extremely significantly increases and
decreases, respectively. Soil water content and soil organic carbon content are the main environmental
factors affecting variations of leaf stoichiometric indexes of arbor, in which, leaf N content with soil water
content and leaf C : P with soil organic carbon content show negative correlations at 0.05 level, and leaf
P content shows positive correlations with the two environmental factors at 0.05 level, while leaf N : P
shows negative correlations with the two environmental factors at 0.05 and 0.01 levels, respectively. Soil
available phosphorus content and soil pH value are the main environmental factors affecting variations of
leaf stoichiometric indexes of shrub, but only leaf P content shows a positive correlation with soil available
phosphorus content at 0.05 level, and leaf C : P shows a negative correlation with soil available
phosphorus content at 0.05 level. Soil water content, soil nitrate nitrogen content, and soil bulk density
are the main environmental factors affecting variations of leaf stoichiometric indexes of herb, in which,
leaf N content shows positive and negative correlations with soil water content and soil bulk density at
0.001 level, respectively, leaf C : N shows negative and positive correlations with the two environmental
factors at 0.001 level, respectively, leaf C : P shows negative and positive correlations with the two
environmental factors at 0.05 level, respectively, while leaf P content shows a negative correlation with
soil bulk density at 0.05 level. In conclusion, the growth of arbor, shrub, and herb plants on the western
slope of Helan Mountain is constrained by N, and the growth of shrub plants is also limited by P. The
environmental factors affecting leaf stoichiometric indexes of different life form plants are different,
therefore, corresponding measures should be made for different life form plants during the conservation
and restoration of the vegetations on the western slope of Helan Mountain.

Key words: western slope of Helan Mountain; stoichiometric index; life form; environmental impact
factor; nutrient limitation; vegetation protection
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Table 1 Basic information and dominant species (importance value greater than 10%) of different life form plants in test plots on the western

slope of Helan Mountain')

RG> £33 iz MR/ m TR AR H Rl A
No. of plot  Longitude Latitude  Elevation  Dominant species of arbor Dominant species of shrub Dominant species of herb
Pl 105°47'05"  38°41'25" 1 848 — RS(50.2%) ,SL(48.8%) SB(54.5%) ,AC(22.0%) ,
LI(13.1%)
P2 105°47'10"  38°41'31" 1 856 — CT(40.0%) ,ER(30.6%) , SB(56.1%) ,STG(21.6%) ,
SL(29.4%) AF(10.7%)
P3 105°47'33"  38°39'43" 1 905 UG(100.0% ) RXN(23.9%) ,CR(18.7%), EA(20.3%),AC(13.2%),
BD(10.6%) ASp(10.3%)
P4 105°47'37"  38°39'44" 1910 UG(100.0% ) RXN(23.5%) ,HT(18.4%), EA(42.8%) ,ASp(13.6%)
CR(12.4%) ,CSt(10.6%) ,
CO(10.1%)
P5 105°48'17" 38°40'25" 2107 — CO(24.6%) ,DF(24.5%) , SB(63.2%) ,CSp(10.3%)
CR(21.9%) ,HT(13.5%) ,
CT(13.5%)
P6 105°48'40"  38°40'52" 2110 — CR(30.3%) ,DF(28.9%) , AC(22.6%) ,CSp(19.8% )
HT(15.9%) ,PM(10.3%)
P7 105°54'38"  38°58'07" 2123 SOb(26.8%) ,PT(24.9%) , CZ(37.5%) ,1J(23.5%) CA(49.8%) ,A0(14.5%)
JR(23.2%), UG(10.1%)
P8 105°48'40" 38°40'52" 2134 — DF(20.8%) ,CZ(16.5%) , SB(18.6%) ,AC(11.4%) ,
RXN(14.1%) ,PM(12.1%), EA(10.7%)
SS(11.0%) ,CR(10.3%)
P9 105°54'40"  38°58'18" 2150 PT(54.5%) ,S0b(25.5%) , CZ(73.1%) ,BD(17.1%) CA(69.1%)
JR(20.0%)
P10 105°52'50"  38°46'07" 2 160 UG(35.1%) ,JR(29.0%) , DF(27.3%) ,RXN(19.8%), EA(19.5%),A0(15.8%),
SOb(24.7%) CZ(14.1%) ,BD(12.0%) , SAt(13.8%) ,ASt(10.7%)
LJ(10.7%) ,SS(10.1%)
P11 105°49'40"  38°40'36" 2 160 JR(28.9%) ,PC(28.5%) , BD(37.7%) ,CZ(25.6%) , CA(39.7%) ,EA(10.7%)
PD(27.5%) ,SOb(15.1%) SS(12.8%)
P12 105°51'09"  38°40'56" 2 350 PC(73.4%) ,JR(26.6% ) BD(73.5%) CC(37.8%) ,CA(22.6%) ,
EA(16.5%)
P13 105°51'13"  38°40'08" 2 360 JR(57.6%) ,PC(42.4%) LI(57.9%) CA(28.4%) ,EA(19.3%)
P14 105°50'50" 38°39'41” 2635 — — EN(29.7%) ,CA(19.1%) ,
SOf(16.9%)
P15 105°50'46"  38°39'05" 2 664 PC(100.0%) — CA(75.7%)
P16 105°50'57" 38°38'56" 2707 PC(100.0%) DF(100.0% ) CA(24.3%) ,SAm(14.8%) ,

EA(12.6%)

D35S N E BN LR B EZAE The percentages in brackets are importance values of dominant species. —: JCIE#HFH No dominant species. RS; 2T
b Reaumuria songarica (Pall.) Maxim.; SL. M4 FE3& Salsola laricifolia Turcz. ex Litv.; SB: %ﬂﬂﬁ"ﬁ'% Stipa breviflora Griseb.; AC: I7]< L
Agropyron cristatum (Linn.) Gaertn. ; LI ES L A=A Lagochilus ilicifolius Bunge ex Benth.; CT: HIHELE Convolvulus tragacanthoides Turcz ; ER:
BEF KT Ephedra rhytidosperma Pdchom STG ; XEEEFZF Stipa tianschanica var. gobica (Roshev ) P. C. Kuo et Y. H. Sun; AF; J# K3 Ajania

Sfruticulosa (Ledeb.) Poljak.; UG FHi Ulmus glaucescens Franch. ; RXN . BB Rosa xanthina f. normalis Rehd. et E. H. Wils.; CR . FBi
¥ )L Caragana roborovskyi Kom.; BD: B 5E/NEE Berberis dubia Schneid. ; EA ; FH7 B I Elymus alashanicus (Keng) S. L. Chen; ASp: 7 3 %t

CO. %
?Kn)ﬁ

Achnatherum splendens (Trin.) Nevski; HT: #8258 Haplophyllum tragacanthoides Diels; CSt; $M-43% JL Caragana stenophylla Pojark. ;
H-E3 8 )L Caragana ordosica Y. 7. Zhao et al.; DF. 4= R Dasiphora fruticosa (Linn.) Rydb.; CSp: KA Cirsium spicatum Matsum. ; PM .
Bk Prunus mongolica (Maxim.) Ricker; SOb: LETH Syringa oblata Lindl.; PT. WY Pinus tabuliformis Carr.; JR: FAR/N Juniperus rLnga Sleb et
Zuce.; CZ; PGILHITF Cotoneaster zabelii Schneid. ; LJ: Z% Lonicera japomca Thunb CA; fBEZE® Carex allwescens V. L. Krecz.; AO: BUE
Artemisia ordosica Krasch. ; SS: 9528344 Spiraca salicifolia Linn. ; SAt: AR5 HA45 Synotis atractylidifolia (Ling) C. Jeffrey et Y. L. Chen; ASt, Mk
5 Artemisia stelleriana Bess.; PC; 1 =42 Picea crassifolia Kom.; PD. 4% Populus davidiana Dode; CC. JINET %) Chrysanthemum chanetit H.
Lévl.; EN. FEFEPEHRA Elymus nutans Griseb. ; SOf: HiAa Sanguisorba officinali Linn.; SAm; Wi X4 Saussurea amara (Linn.) DC.
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KHI EXCEL 2016 #0F 247 5 5 B G 3t
e THSEAS ) A 0% 2 R v SR i C NP R i
F HAR DA S G el 2T B AR bR 1 bR i 22 FIR 5 R 5K
JERH R 4.4.2 B AH 1Y ggpubr FEF AT RN R
F7 75307 (one-way ANOVA) 1 Wilcox K5 .

K R 4.4.2 A1 ggplot2 FEF AL, XA ] A=
AV A2 T AR AR 5 AR IR AR Y K B
S3 AT E M AT I K

K] EXCEL 2016 #f4 , FI ¥ #-F RS 44
HATA FEARMBAGLHEF I 7 F i BRI
INECF- {8 S AR SR, 4R MoK & DL S 3y &
Kt pH H AE AWS & AT 2SS,
SRS R SRS HARE SR C:N.C: P,
N : P,RH Canoco 5.0 FRAFXEAS [R] A 3 BUAG 4 0 Jy
et mAabn S IR EFREE I F #1704 7397 (RDA)
NSRRI B AR I, PR I TT kR HE 44T 9 H 2 4>
SRR R T 80% M IAEE R+, S AT IR 4
Mo SRS, PEECTTIR R K H i A 5018 i K1
HEEH T R 4.4.2 3K{FF Y psych FEFFAL, XFAS
[Fi) A 16 BUAE ) A2 T i AR AR B B I8 AP 24
5 LRI H 74T Pearson AHICHEHT

2 SRR

21 AREFEREDHFEFITEEROEER
GEitah R (3R 2) Wos B2 I PY S ) SR i R
C N HI P &3k 431.58 15.66 #1 1.79 mg - ¢,
3R FRRI T C N P S, 4 )
1 466.45 .16.16 F11.90 mg - g™, o, Fe AU A €

P (P<0.05) & THEAR R B A HIR A5 A
FRAE] R N AP &322 R A B 3E (P>0.05),
BEAFIRARRE K C NP SEEFHBARE,
WA S RECE, SR R C & AR SR R
(8.93%) M N Fl P & A8 SR B 4 K (40 A
18.43% M1 21.72%) , 3 A EfEHIp  JERM - C fl1 P
i I R BRI (4390 9.00% Fil 25.46%) , K
AN N F AR R AR K (23.07%) o

2 2 AT UL B 25 1 PSR AR R C e N
C:PHIN: PN 28.62.254.87 F19.11, 3
TR VERM R C s N £efii(26.70) , H i Z L T35
N NG i 7 T N R SR e 11 L o e O S o |
N:PH LR EES, HAEZNE, ZHIRXTFT
A HEARTBAMN A N : P E/NF 10, SR N : P
W/NT 10, MWAE R RECE, % X 8 Y Bk
C:N.C:PH N : P 785 i B 548 K (4390 R
22.01% 29.35%128.49%) , 3 P EWE BRI JE AN
JC: P FIN : PR S R (5390100 34.51%
32.33%) ,BARM A C : N BAESF REUR K (25.22%)
22 ARAEFRHEYHHAFITEERSEHERM
EHEKEMNERNT

PUAEYIR S AR SRR 1o A AR o AHPI AR
PRI PR N ARy, SR NP TR AR R
AR oAb T i AR AR -5 AR 2R AR 35 [ K & 43 i)
PEATLRPE RN 434, 485 5 LR 1 A 2,

A1 o] L. B AR TR A T, 3 A AR T AL
FC AP S JCHA W AR bR, 3 A TG AL
N & . C:N.C: PHN: P ZE¥bITH BRI
B ATEAM A N - P W3 (P<0.05) T, BEAR M
C: P HIN: P W EREAL, BAMN 5 N &Rl (P<
0.01) F#AIK .C : N B i & i,

Pl 2 WT 0L Bl A AR K B I TR, 3 AR
RItR C &8 P &8 C: P I A2 LM

F2 WEUFEEARLEFREYH K HFETEERALE(X2SD)Y B
Table 2 Comparison on leaf stoichiometric indexes of different life form plants on the western slope of Helan Mountain (X+SD)"
ﬁi(ﬁﬂ Cﬁgii/(mg'g") N&HE/(mg - g™") P&/ (mg-g™) C:N C:p N:P
Life form C content N content P content
HR Herb  424.21+5.10b(7.51%)  14.99+0.55a(23.07%)  1.75+0.06a(21.65%)  29.99+1.20a(25.22%) 257.34+12.02a(29.18%) 8.80+0.33a(23.54%)
WA Shrub  420.69+5.71b(9.00%)  16.00+0.30a(12.49%)  1.78+0.07a(25.46%)  26.70+0.61b(15.23%) 255.86+13.31a(34.51%) 9.63+0.47a(32.33%)
FEAK Arbor  466.45+6.15a(6.19%)  16.16+0.65a(18.83%)  1.90+0.04a(10.93%)  30.03+1.39a(21.67%) 248.49+6.89a(13.18%)  8.64+0.44a(23.19%)
Bk Al 431.58+3.75(8.90%) 15.66+0.28(18.43%) 1.79+0.04(21.72%) 28.62+0.61(22.01%) 254.87+7.30(29.35%) 9.11+0.25(28.49%)

RGP NEUNEE S =7IN [ﬂ*?ﬁ'*ﬂiﬁz:@i?ﬁﬂl‘ﬂégﬁ%(fR0.0S)Different lowercases in the same column indicate the significant ( P<0.05)

differences of the same index between different life forms. 55 P E /800

AR 5 Z % The percentages in brackets are the coefficients of variation.
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Fig. 1 Linear regression analysis on leaf stoichiometric indexes of different life form plants and
annual mean temperature on the western slope of Helan Mountain
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Fig. 2 Linear regression analysis on leaf stoichiometric indexes of different life form plants and
annual mean precipitation on the western slope of Helan Mountain
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Fig. 3 Redundancy analysis on leaf stoichiometric indexes of different life form plants and
related environmental factors on the western slope of Helan Mountain
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®3 FWE=ZLAHFAH AU EREHTEEFEZ QR
Table 3  Significance test of environmental factors affecting leaf
stoichiometric indexes of arbor on the western slope of Helan
Mountain

TRk /9
DUk % @ P

5N T Contribution

Environmental Factor F value P value
rate

FHEA B E & Soil organic carbon 24.5 2.6 0.100

content

+ 54 7K Soil water content 18.4 2.3 0.144

+HEC:PSeil C: P 18.1 2.8 0.100

FTHEN:PSoil N: P 16.4 3.6 0.070

+ 42 HE Soil bulk density 11.4 4.1 0.068

+ 1% pH {8 Soil pH value 5.0 2.5 0.142

+HEC: NSl C: N 2.9 1.8 0.334

e % i Soil available 2.6 4.1 0.236

phosphorus content

FHEL B Soil total phosphorus 0.6 0.1 1.000

content

F4 BELEEFAHFAZHEEFRSEEHNMEZME FRIEX
24

Table 4 Correlation analysis on leaf stoichiometric indexes of arbor
and main environmental impact factors on the western slope of
Helan Mountain

5 EEIRETR K F AR S R A

Correlation coefficient with main

R A sapiivit . . b
e . environmental impact factors

Leaf stoichiometric

index A LR R TR

Soil organic caron content  Soil water content

C % C content -0.12 0.27
i N content -0.54 -0.73 *

P &+ P content 0.64 = 0.71 *

C:N 0.48 0.73

C:P =0.72 * -0.47

N:P —0.66 * —0.77 #*

D %, P<0.05; *% . P<0.01.

x5 FWE=ZLAEEEAH AU EREHTEEFEZERR
Table 5  Significance test of environmental factors affecting leaf
stoichiometric indexes of shrub on the western slope of Helan
Mountain

FHER T A % pg

Environmental Factor Cont:i}l):tlon F value P value
+ HEE AL A B Soil available 34.4 6.3 0.018
phosphorus content
1358 pH 1 Soil pH value 19.3 4.6 0.034
S A B Soil ammonium 7.8 24 0.32
nitrogen content
+ LB & Soil total phosphorus 7.7 4.0 0.076
content
FHEC:NSoil C: N 6.7 2.4 0.180
THEC:PSilC:P 6.3 1.6 0.230
TR A & Soil nitrate nitrogen 6.2 1.6 0.206
content
AEHJRF/KE Mean annual precipitation 1.8 0.9 0.408

AEFE Mean annual temperature 1.4 0.7 0.472

®6 WELFEWEAMFALFHEHERSIERESMEFHHEX
a2

Table 6 Correlation analysis on leaf stoichiometric indexes of shrub
and main environmental impact factors on the western slope of
Helan Mountain

5 EFEIREE LR R F (A G R A

Correlation coefficient with main

SRR S et 7N environmental impact factors"
Leaf stoichiometric
index Rt SV e -
Soil available Si;‘i%g; H {lﬁ

phosphorus content o1 ptt value
C % C content -0.28 -0.52
N % & N content 0.08 -0.53
P &4t P content 0.61 * 0.24
C:N -0.39 0.04
C:P -0.66 * -0.29
N:P -0.50 -0.22

Dx . P<0.05.

x7 FWBE=ZLEHRERMFUFITEEFRHTREREFEZHR0
Table 7  Significance test of environmental factors affecting leaf
stoichiometric indexes of herb on the western slope of Helan Mountain

TR/ % P PG

BT Contribution

Environmental Factor F value P value
rate

+ 44 7K & Soil water content 39.4 8.7 0.008

TR A & & Soil nitrate nitrogen 16.2 5.1 0.022

content

+HEC:NSoil C: N 9.4 2.3 0.100

+ 4255 Soil bulk density 8.2 3.6 0.040

FHEL A & Soil total nitrogen 6.7 2.4 0.102

content

+ B A A it Soil ammonium 3.8 1.8 0.202

nitrogen content

+HEN:PSoil N: P 3.6 2.0 0.168

AEYAR% 7K B Mean annual precipitation 2.8 1.4 0.322

+HEC:PSoil C: P 1.5 0.8 0.504

®8 BWEUEREARMFUFHEERSTERERMEFHEX
2

Table 8 Correlation analysis on leaf stoichiometric indexes of herb
and main environmental impact factors on the western slope of
Helan Mountain

5 EBIRBER A KT A SE R A

Correlation coefficient with main
R R izt N D
Leaf stoichiometric

environmental impact factors

index S KE HHEMAA SR AT
Soil water Soil nitrate Soil bulk
content nitrogen content density
C %3t C content -0.46 0.18 0.47
N % N content 0.86 s -0.11 —0.81 w3k
P & P content 0.46 -0.19 -0.55 =
C:N =0.87 s 0.16 0.81 sesiese
C:P -0.52 =* 0.20 0.59 *
N:P 0.27 -0.10 -0.19

D x . P<0.05; ##x . P<0.001.
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