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Stoichiometry characteristics of leaves and soil of four shrubs in the upper
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Abstract: The main purpose of this study was to determine the concentration and the stoichiometric ratios of carbon (C) ,
nitrogen ( N) , and phosphorus (P) in the leaves of four shrubs and the soil in the upper reaches of the Tarim River Desert.
The correlation of C, N, and P stoichiometric ratios between leaves and soils was discussed. Results revealed the adaptation
mechanism of desert vegetation to extreme environments and the limiting conditions of soil nutrients and provided scientific

reference for restoration and protection of desert ecosystems in the upper reaches of the Tarim River. Four desert shrub
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species were used as plant materials. Leaf and soil samples were collected by ground acquisition method and quartation
method, respectively, in August 2015. The C, N, and P concentrations in plant leaves and soils, stoichiometric ratios, and
their correlations were calculated. The results showed that leaf C concentration was (484.77+59.74) mg/g, which was
significantly higher in Tamarix ramosissima than in other three shrubs. The leaf N concentration was (14.20+1.58) mg/g,
which was significantly higher in Halimodendron halodendron than in other shrubs, whereas the leaf P concentration in T.
ramosissima was (0.54+0.16) mg/g, which was significantly lower than that of other shrubs. The C/N ratio in the leaves
was ranked in the order of Lycium ruthenicum > T. ramosissima > H. halodendron > H. caspica, and the C/N rationin H.
caspica was (37.83+7.74) , which was significantly higher than that of other shrubs (P < 0.05). The C/P ratio was ranked
in the order of 7. ramosissima > H. halodendron > L. ruthenicum > H. caspica, and the C/P ratio in L. ruthenicum and H.
caspica was (379.76+158.63) and (383.47+128.95) , respectively, which was significantly lower than'those of the other
shrubs. The N/P ratio was T. ramosissima > H. halodendron > H. caspica > L. ruthenicum, and the N/P ratio of T.
ramostssima was (22.34+4.60), which was significantly higher than that of the other shribs. The ¢oncentration and
stoichiometric ratio of organic carbon (SOC), total nitrogen (TN), and total phosphorus ( TP ) showed no differences
among soils for the four shrubs, and there was no significant difference among SOC, TN, .and TP\ contents in soils (P >
0.05). The concentration of P in T. ramosissima leaves was positively correlated with soil TP concéntration (P < 0.05). C
concentration and TN concentration in H. halodendron leaves were negatively correlated with P and the TN/TP ratio (P <
0.05). C concentration in leaves was highly negatively correlated with the“soil TN/TP ratio (P < 0.01), whereas in H.
caspica and L. ruthenicum, there were no significant correlations between leaf and soil values (P > 0.05). There were
significant differences in C, N, and P stoichiometric characteristics of the leaves of the four shrubs. The use efficiency of
nutrient resources was also different in the plants species. The stoichiometric characteristics of C, N, and P were not
significantly different in the four soils for the shrubs, which indicated that the habitat nutrient conditions of the four desert
plants were not significantly different. There was no correlation in stoichiometric characteristics between shrub leaves and
soil, and it was demonstrated that leaf stoichiometric characteristics were not directly determined by soil nutrient conditions,
but affected by heritable characteristics of plants, which reflected the long-term adaptive characteristics of desert shrub

plants for extreme habitat environments.

Key Words: upper reaches of thé Tarim River; desert shrub; soil; stoichiometry
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Table 1 4 kinds of shrubs plants in the upper reaches of the Tarim River desert

YT Bt & T /m R 34
Species Family Genus Plant height Frequency Coverage
ZRAEM Tamarix ramosissma MR PRI R 2.98 0.83 0.22
R Halostachys caspica #FR AR 0.93 0.22 0.24
PELHIT Lycium ruthenicum ARk iR 0.58 0.11 0.10
4] Halimodendron’ halodendron R E Rl 0.58 0.22 0.02

1.3 STk

R P AMRAE Y A RE AL BT 85°C &M PR Z=AE T, MY I AL 8 e i 80 HI i, PR e 3¢
ERET, I TIE R A B 22k (C) R U(N) MIasili (P) A&, HEY M R Gk & 0 % ) HE 4 IR A A
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Fig.1 Leaf C NP stoichiometric characteristics of four different desert shrubs
A BEHI Tamarix ramosissma; B: $REEA Halostachys caspica; C: FEFRHMIAL Lycium ruthenicum; D ; #2854 Halimodendron halodendron ; AN[Fl/NE
TR IR B (P<0.05)
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Fig.2 Relationships between leaf C N and P contents of four desert shrubs
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22 FEBUEAR LI C N P i S b2 T URRIE S BT

M2 2 T LLE 4 A TR HHER SOC (A LK) \TN( &%) (TP (£f) & it KA 2E i e 6]
FEREFBUN, SOC & mTE 4 MR LIEPEITE R E 25 (P > 0.05) , HrP MY SOC i (6.40+5.51 )me/ g,
I AG(4.4343.34 ) mg/ g, H3E TN 7t dpe i R RS0 (0.61£0. 18 ) mg/ g, {H 5 HoAth 3 Fif A iy 1€
TN &AL 225 (P > 0.05) o 4 FEAR H3EM TP & B ¥R R B EFMEFTE(P > 0.05) , EhHA
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Table 2 Stoichiometrics of soil C NP in four different habits desert shrubs

TP F EERIIRS £ £ ALK e X0

Species SOC/(mg/g)  TN/(mg/g)  TP/(mg/g)  SOC/(mg/g)  TN/(mg/g) TP/ (mg/g)
FEM Tamarix ramosissma 6.40+5.51° 0.45+0.28" 0.57+0.07* 13.5129.57  11.61+10.18 0.80+0.51
AR Halostachys caspica 6.00+£5.29* 0.49+0.22* 0.66+0.14" 11.88+9.22 9.37+8.57 0.78+0.42
BB Lycium ruthenicum 4.43+3.34° 0.49+0.20° 0.65+0.17° 9.77+6.99 7.09+5.72 0.81+0.38
845 Halimodendron halodendron 6.18+5.45" 0.61+0.18" 0.63+0.16" 10.98+9.71 10.34%9.57 1.03+0.46
LR All species 5.75+4.91 0.51+0.23 0.63+0.14 11.54+8.82 9.60+8.62 0.85+0.45

[RIBIAS ) 7B 2R AN A L N TAFAEZE 7 B (P < 0.05) ;SOCCAMLER) TN(&R) TP (2#F)
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H1 2% 3 AT, 4 BN R S AR Y e A0 - B A 2= T i RRAE A AE JE G R R B, Koy £k 24t i
FRIE SHEY I R Z [ ARG E AN 2 AR 3 i vl i AR oA P & e 5 R TP & i S el 2
IEFSCCR M C N S e At b 5 IR E R, B0 C &5 3 TN 2 B #E UK,
5+ TN/TP S B GARE, P &5 13 TN/TP BN B E A IEER 1M Eh A I A i
AL RRE A R 5 R A fb A R R AR R B B A e . N SRRk 4 FhE A 60 4>
FH) C/P I N/P 5 5 FL 48 TP 5 Rt ] 52 0 3 SR C G R JLM Ak 2% 3t i RRAE o 5 0 1484 1o 25 ) A
Kk, UL 4 FOREISE BRI R C NP TR S i A S H R S B X R 4 FhER
T2 T RRAE (9 AR AL T 22 i ) T2 B AT A SRR A Rk
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Table 3 Correlation relationship between C NP stoichiometry characteristics of the four different desert shrubs and soil

YRl Species A Leaf socC TN TP SOC/TN SOC/TP TN/ TP
A C 0.05 -0.15 0.25 0.11 0.02 -0.18
Tamarix ramosissma N 0.24 0.37 0.18 -0.14 0.24 0.38
p -0.16 -0.09 0.557* =0.43 -0.16 -0.11
C/N 0.05 0.05 -0.37 0.19 0.05 0.06
C/P 0.18 0.14 =0.41 0.45 0.18 0.15
N/P 0.23 0.18 -0.39 0.48 0.23 0.19
A C 0.31 0.41 0.38 0.09 0.30 0.26
Halostachys caspica N -0.35 -0.28 0.29 -0.35 -0.36 -0.29
p -0.27 -0.15 -0.13 -0.19 -0.24 -0.02
C/N 0.45 0.40 0.03 0.30 0.45 0.33
C/P 0.41 0.25 0.07 0.22 0.44 0.16
N/P 0.16 0.00 0.13 0.03 0.17 -0.09
SRS C -0.18 0.10 0.27 -0.25 -0.22 -0.01
Lycium ruthenicum N 0.25 -0.28 0.17 0.35 0.22 -0.32
p 0.19 -0.19 0.17 0.36 0.05 -0.21
C/N -0.23 0.36 0.03 -0.39 -0.22 0.31
C/P -0.19 0.34 -0.15 -0.41 -0.08 0.34
N/P -0.08 0.09 -0.21 -0.21 0.05 0.14
=0 C 0.26 -0.57* 0.35 0.43 0.13 -0.65"*
Halimodendron halodendron N 0.13 -0.47 0.14 0.19 0.14 -0.42
P 0.22 -0.42 0.38 0.26 0.19 -0.57*
C/N 0.03 -0.04 -0.03 0.09 -0.03 -0.06
C/P -0.19 0.12 -0.41 -0.11 -0.20 0.36
N/P -0.23 0.21 -0.42 -0.22 -0.18 0.46
LR C 0.15 -0.01 0.04 0.14 0.15 -0.05
All species N 0.05 0.03 0.18 -0.03 0.05 -0.01
p -0.10 -0.08 0.25 -0.08 -0.16 -0.13
C/N 0.05 0.14 -0.07 0.03 0.05 0.12
C/P 0.05 -0.15 0.25 0.11 0.02 -0.18
N/P 0.24 0.37 0.18 -0.14 0.24 0.38

% P<0.05 KT RBE, = = P<0.01 KFF BE

3 e

31 WY C NP OCEALE TR AL
C 2 EY AN T Y BT IFDG G AR R 2R ITER N H P 2 A ) 1A 25 T 2R 1 5T R 33 A4 ) o e 110 20
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