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variation pattern of trees, shrubs and herbaceous in desert ecosystem. The dynamic balance and differences in ecological
stoichiometric characteristics in different life forms during their growth season were elucidated. The results from this study
will be helpful in supplying theoretical basis for desert ecosystem protection and management. In this study, 8 species of
plants with different life forms were selected from the oasis-desert transition zone in the southern margin of the Tarim Basin,
and their leaves were collected continuously from April to September in the growing season to analyze the changes of C, N,
and P contents and their econometrical ratios in the leaves during the whole growing season. The results showed that; 1) On
the whole, the seasonal variation of C content in leaves of 8 species was not significant. The contents of N and P were the
highest in the early growth period and then gradually decreased, which reflected the obvious dilution effect. However, the
changes of C:N, C:P and N:P in leaves of the 8 species were inconsistent in the whole growing season. 2) We
comprehensively analyzed the variation of C, N, P and their econometric ratios of 8 plant leaves in the whole growing
season. The coefficient of variation was ranked from large to small as follows: P (32.39% ) >C:P (25.67% ) >N (20.96% )
>N:P (20.42% ) >C:N (19.83% ) >C (6.49%). 3) The variation of C content in plant leaves was mainly affected by
species and life form, and the variation of N and P content and C:N and C:P were most affected by species and growing
season, while the variation of N:P was more affected by the interaction between growing season and species than by growing
season. 4) There was a significantly positive correlation between N and P contents in leaves of 8 species ( P< 0.001). There
was a significantly negative correlation between P content and N:P (P< 0.001), but no significant correlation between N
content and N:P (P>0.05). In the oasis-desert transition zone, the contents of carbon, nitrogen and phosphorus and their
stoichiometric ratios in leaves of the 8 plants varied from species to species during the growing season, and their coefficient
of variation in the growing season was also different among species, and plant growth was more likely to be restricted by N

element.

Key Words:; desert plants; ecological stoichiometric characteristics; seasonal variation; life form; leaves
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R, A EY A YRR 12,0 N AP ORI T E RGP SR OUR . R AEYIR N C B i PR R
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FEHTA AT RN R MR C N P 2 i S U A 2= 1 P sh 25 ANCH B TIARE I A= KOk & Fl SR
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Mt AR A AR T TSR BN A A v B AR AL SRR 5 TR ) XA [ A i 2
HPIBIZES BT AL . FEBAE Y i AR S R G B A A 3 A RIS I - AU R A i e
W BT A SR R A B AE S A T RERRAE X BT RSl AER T R A IS R GURRE TE AT o B AR
Mo C:N:P P ORI AR S R G HA I TR BB AES RGP A C:N:P AL A R A 2= 1
AR BT FEAILR] , X e A 25 RGO RL#4 BEA ORI BAT 0 R

B LR G 2 e 52 K SRR+ e B =, oK D B o BEAN I 5, eV A i R R
A S PR BEME58 IX 2 — , X R R N B, S -V D e P 18 ) PR e, 24 2R I DAY TR A )
PEASBRRE, HHTZ XA Y MO S R TR R A 322 KA RS 0w R R AESS
erEit I R R D . A RTERIIAY C NP A5 i i i A 252 B PR 0 sl M ) A L AR A9
W20 AR REAE A Z 1 A S S A I A A K T rh S R R T L AR T AR . BT L RS
BURMIAS A, A SCLARE HUA 5 b Pl ¢ 2 I -V 0 T A I B AN [ A 16 1 8 RV I BIETE RS R, 2o e R F
HARVAER R C NP A i S TR R AL, 76 SEORT 240 B i 18] ]UBE b 46 75 3 XA 19 97 23 4 D
FOBRAARBL , A 0 Hie 58 XA 77 70 A8 AN AR 2 BRI | RN R R AR 35 A A B e 4R (12 %

1 #RERHE

1.1 WF5E XA AL

WF5E X AL T 5 B2k ( 80°03'24"—82°1034" E; 35°17'55"—39°3000" N; #E4K 1340—1380 m ) Fij ¥ Y 4%
-V BT I X SR T i T PR A, BRI, TR JEIRGE R, BRI RS, A1
AR 11.9°C, Ho Mom ik 41.9°C BRIk —23.9°C , W E K Z (4 H—9 A)FHSE N 21.8C, =
5CHUR N 4640.4°C , =10°C UK 4340.0°C , = 15CHUR N 3677.5°C ; TLFEM 196 d,4F-¥ H JEETECH 2697.5
h, &4 H B8R IK 61% ,4FE KBHESHEIE 6.05 x10° J/em® , W2 E EEX KIS N AR RE KRN 35.1 mm,
ZWIAE 5.7 A4y, MAFERI78 K& 5t =ik 2595.3 mm, TR 20.8, /K05 K, b W N B VD A T 2 40
NS T7 ), b FRAE DU B FUEE A 2 0] 22 Ak AR Hh B0 i 2 K 2 AR ( Tamarix ramosissima) VDAL
IXBEHIHE V% (Alhagi sparsifolia ) B4R B e KAEMIUD G AN AE AL 54 HE I% ( Karelinia caspica) Wi IV F1 16
L4 %0y ) b A B VR B S U 3 Sk S EE A 0% BE ) B 8 I VY 2§ ( Hexinia polydichotoma ) | 3k IR Vb £ #
( Calligonum caput-medusae ) MY ( Elaeagnus angustifolia) ' . H TP T 2 44 77 1) b F A9 35 B 6.3%
B 67% MBI R i ah v Frad V2 e B e Y e, PR IX B R KD AR 4 B 0—
50 em THEFR P E R ZERB/NGR 1) o o AR PRI SR AR S Al L

x1 RESFEESISBEAMR

Table 1 Sampling site information and soil physicochemical properties

gE| SRAER 1 PRI SRR 3

Item Site 1 Site 2 Site 3

LY A=Y 37°01'20.95"N 37°01'18.12"N 37°03'51.63"N
Coordinate position 80°43'17.85"E 80°43'19.34"F 80°35'23.61"E
SKAERIYIFIIE Sampling plant species URGEH FEAESE RN R DA AR P iR ONE
+ 3 B Soil salinity/ (g/kg) 2.63 2.32 6.21
FHEAHLEK Soil organic carbon/ ( g/kg) 1.56 1.79 1.54

+ LA Total nitrogen/ (g/kg) 0.15 0.19 0.19

44§ 42 Total phosphorus/ ( g/kg) 0.59 0.61 0.55

T 3424 Total potassium/ ( g/kg) 13.42 13.62 12.17

+ ERIfF A Available nitrogen/ ( mg/kg) 7.87 6.44 4.88

+ 45 %% Available phosphorus/ ( mg/kg) 3.33 3.53 2.23

+IEH AP Available potassium/ (mg/kg) 213.63 225.71 136.78

T HEFRTHEE Soil acidity pH 8.87 8.70 9.17
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1.2 HEARAE

T E RS 4—9 A HATAIRE SR &R (FERCRAENTH .4 A 25 H 5 H25H 7H5H 8123
H.9H 22 H), THEARG RS EN-VD BT W A A A 0 BB —FE VR 1Y 8 R A [ 3 FhRLAS 0% i
H FEAELE VU4 ;3 FHER . SRV B L Z RN MR ( Haloxylon ammodendron) ;2 FFR A, V& 4%
( Populus euphratica) |VERWFFERTGE  BFREY) 122 4 PR 85 /I SO i — S AR Ik | 1% Se SR A
(B[RS, LU Gepkmt 7o) A [l WS A P A= K W Ao 3 i sk, WS I TH] Oy 4—9 H (£ 2) o IR AR
2 BR (i o A W RV TR A O 5 40 AT) 0 L FRARRE R AR  BE R I8 5 AR AR IEAS 2 UK (R L R AR
AR DT r (ZR P8 FE AL ) S ACSY R AR S 3 AR U g AL 4 AN [R5 1) ) /A 3R 4 A 3 B0 | I8
ANFIT LR R R i A% LU BR G o BEARRE AR SRR IR 1/3 AR 724 50 g FEAC IR AR BUA R
F#150 g, ARMFFELL L BRAEYIN | ANEE YRS IRES 4 015 N, 2R 7K IV ph gk T, 28 105°C %
20 min, 75CHET REH B FS5 it 100 B, T4 C NP S &illiE,

x2 EYREMERBIZR

Table 2 Phenological phase records of plant samples

A /K Herb HEA Shrub F*A Tree

Month B g fEAELE P45 S INLET RS Bt Z RN S Lik7)
4 HIR W (R HIR W (R ARAE] AL P14 ARAE]
5 FIAEH HIAEH BEAEI] BRI EIE Sl LR PR B
9 it B3] B ) B ) B HIR R

1.3 sENE

FIH 4> C B iR FHE 45 TR A 2 o v I A ) A 2P0 LA & 0 s R 4 N R T BB S BRI 5
(Kjeldahl) ( Kjeltec 2300 4= H 822 BAYL , Sweden ) ; #54 P 7 &R FHAH B PT Fb g g P sE 4 R LB R
TR SRR (mg/g) o
1.4 Hdlsibre

AT Excel 2010 FAATEHR IO AP C N (P A& KL R TFME nifizs B R A
B, iz R 4.2.1 84, RHEEME 525587 (Repeated Measures of ANOVA) 4T A 1G R MY FI2E 5 R
FEH XA R C N (P i = F g2 R Corrplot A3 3 Pearson A/ THf E M A C N,
P &5 Kt A YA 56 R (B MK %N 0.05) o 38 ] Origin 2022 #P:HT R 4.2.1 B4R, K+
BT B LA SERME R E S (n=4) TR,

2 HRE5SH

21 YA C N P S R AT R T S AR RE

8 FE B A A Al i R LT E B A RO A — S (181 1, 181 2) o MR C &8 (CRYD
DI RS RRARE THR T B AR A 3, o 7 e B N AE R BN EEA R AL, MR N & & IR 0
R SRV AR M B 219 AR AL I 52 T a3 FEAESR 5 H i B i 8, 2 JR 1248 T I, v
FeiZ LTI, 8 H 0 B BRAR ARG SGRIE T | T PU 35 78 A K FR R AR L a4 58 N B s T 1 T B, 24
BEMITE 4—8 A AR ARE , M 9 H Rk, i P& & Ira e 4 H & BES , 25555
) ARARIZHT T B, T Z2BOEEMN SRV B VAR B A A S ST  FEAESERTT PG 3G U 7 A iy fie
&, T Je 32 T

FPIH T CoNIRGEH AEAESE MR AR E KR R 8 T i 5, T4 2 Hh BLSE T s R R T+
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B B%5EH Alhagi sparsifolia W ZHARRMI Tamarix ramosissima - #1455 Populus euphratica
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Fig.1 Seasonal dynamics of leaf C, N and P contents in eight plant species

PR BNEAL, SRV P AL VoA AR I ST R S BRI a5 2R 4—8 H BT E 9 AR FHw
Y R C:P 8 P 4 H iRl Z )5 S SE R FIARAR A8 4 K Z R AT PE 24 AR 58 B TR 5
T R A Ve T 7 A b8, T2 5 2 2218 F R, SRV B R B T8 T ALt
F NI aEy, HAE 7 A AR, A A NP BRGEH] | ZBoRan ook Th s e 22 1% T W ELIR RE 4
AN IEAESE WTPE A MR RS S—T7 A BB E,7 A ik B, 205 1Y 8—9 H i T RE, i Sk R ib A
4—5 AR 2 5 IR R 7 A ARk i I, 5 A H B 25 T VA 5 7 GG & 2 ik e
W TR, 8 Hib Ak, 9 A UTtHE,
2.2 AFEHYT R C NP & M ) 25 AR S ARRAE

WFFE XA AR TG L 8 A e C NP i S H o e i 1 AR SRR AE R R AR ] (26 3) , F#nt | C
R R RN B R REOUTE 10% LT (BRARD PRGN ) , Y N SRS RBEIRT
15% , IRV B3 E W A8 S5 R AN (27.23%) S K, HHPINEF P& 048 S R 3 R, A U0 21 A8 5 R4
(17.77%) /NT 20% , S&SERI A Z AN R (19728 5 R B A 3 46.09% 51.74% , FEYIH R C:N A28 5
8 FIE AL S R KT 15% , Hoh S8 Sl 28 3 R K, HHPIM 7 C:P AR R VDA (14.92%) R i/,
A 7 MY KT 15% o B8 5EH] T P4 45 FN 2 BRI Y A8 S REUGE L T 30% , fEPIH R N:P 748 5
ZRREIAE 5 2 80(29.39% ) T K, RIR (11.44% ) /), B 6 FEYIIITE 15%—25% 2 1],
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B B85 Alhagi sparsifolia W LM Tamarix ramosissima - ¥ Populus euphratica
-@- b1t Karelinia caspica - SRVPEE Calligonum caput-medusae -8 P Elaeagnus angustifolia
A P83} Hexinia polydichotoma %~ I Haloxylon ammodendron
L VN HEA EiZN
= 45 45
40 40 40
35 35+ 35
30 30 F 30 +
Z
3 25 25 25
20 20 | 20
15 15+ 15+
10 10t M 10}
5 ' sk 5 '
4 5 6 7 8 9 4 5 6 7 8 9 4 5 6 7 8 9
600 600 - 600 F
500 500 | 500 F
400 - L
. 400 400
Q
300 300 | 300
200 | 200 | 200
100 100 | i/i—_ﬂ’{ 100 |
4 5 6 7 8 9 4 5 6 7 8 9 4 5 6 7 8 9
20 20 1 20 -
18 | 18 | 18}
16 16 | 16 +
o M7 14 r 14}
Z 12t 12} 12k
10 | 10 | 10 |
81 8 I 8t
6} 6} 6F

I~
W
o}
-
o
=)

4 5 6 7 8 9
H 1 Month

B2 #EWAREKSEMF C:N.C:PN:PHEE

Fig.2 Seasonal dynamics of leaf C:N, C:P, N:P mass ratios in eight plant species

LEATHTIFSEIX 8 Pl I B C N P & i B b 2 v o L A AN A K R P A8 SRR AE A
P &S S R (32.39% ) K, 2B AL TE L g 0.66—3.50 mg/g, HIF MK C:P I N & i 1078 5 280, 43 3
H 25.67%F1 20.96% , ZE AL F 43 5k 95.50—598.22 . 8.08—36.27 mg/g, MMM F N:P & C:N BY75 5 2488,
39N 20.42% 01 19.83% , HAE AR LTS3 30 6.14—18.867.79—43.28 | I Fr C & Ay 78 5 R 80/, Hofil
9 6.50% , 75 TG K 245.74—512.00 mg/g.
2.3 MY R C N P KL b AR AR S5 Bt

YR C N P i M T sz R ) AR R RO R) A 36 8 (SOR TR ) B W 04 58 AR FH %) 5% T
RS AR (R 4) MY R C & 1A 52 DR R A 1 70 5% i e R, LUz R AE K 2222 B R
o A RIS AR KRS EAR IR A C SR R R B (P>0.05) o FHYI N SR
AR SRR SZ B R PRI K ZE A BAE T AR IS R DA R A K R B R, I R P A AR 2 A
SR K, FR 2 A K R FE ), 35 B SRR AR KRR R A AR ] S AR T R S 35 52 e, A i C:N LG
P 78 S B2 YR A sE I HAR S AR R ) A RN A R 2R a8 BLAVE RS2 e AR T B R R AR RO 1
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=B RARA R B, AP R NP ARSI S2 RIS R R, U R R R AR K R S H S e 4
TORARYCON R FE AR BRI A K2R A B 5 | i) HLY IR 3 8 2K
x3 TEEFHSFHEMHE CNPEER C:N.C:PN:PHEFTENL
Table 3 Seasonal variation of leaf C, N, P contents and C:N, C:P, N:P mass ratios for 8 species with different life forms

ZH AT Y Yy Fp FHIE W2 I/ME RME 4.
Parameter Life form Species Mean Range Minimum Maximum Coe‘ffl(rlem of
variation/ %
C/(mg/g) FA 9% 5 423.65 58.94 394.19 453.13 4.82
AEALSE 364.24 89.51 312.90 402.41 5.96
bELE) 406.87 78.77 380.49 459.26 4.66
AR SR P 360.12 170.99 267.47 438.46 14.21
Wt 291.11 66.76 245.74 312.50 6.43
ZEEH 379.31 77.50 332.26 409.76 6.63
ek S 453.90 99.50 412.50 512.00 5.32
ik} 433.19 59.10 402.13 461.23 3.95
N/(mg/g) Liw:N Loy | 24.55 21.54 14.73 36.27 25.44
AEAESE 20.44 10.79 15.46 26.25 16.34
IENLE) 13.50 10.05 10.56 20.61 21.88
AR PR INUETES 13.26 11.02 8.08 19.09 27.23
L 26.05 21.03 16.04 37.07 23.93
Z RN 14.43 8.87 9.46 18.33 15.84
A xS 23.51 16.14 15.62 31.77 19.13
ik 17.89 11.33 12.77 24.10 17.90
P/(mg/g) Lv:N Loyl 1.85 2.57 0.92 3.50 46.09
NIXIZ S 2.08 1.89 1.44 3.34 30.30
bEiE] 1.41 1.86 0.76 2.62 37.91
AR PR INUETES 1.10 0.92 0.70 1.63 24.32
B 2.07 1.67 1.35 3.02 23.60
LR 1.11 1.94 0.66 2.60 51.74
AR xS 1.73 1.08 1.37 2.45 17.77
% 1.44 1.28 1.11 2.39 27.40
C:N AR g gl 18.24 15.42 12.04 27.46 23.51
AbALSE 18.25 9.91 13.11 23.03 16.35
TP 2 31.43 24.02 18.64 42.67 21.06
HEAR PR INUETES 28.26 18.69 20.10 38.79 17.95
il 11.68 7.53 7.79 15.32 20.00
RN 27.12 22.03 21.25 43.28 22.60
AR fxS 20.03 15.32 14.32 29.64 21.20
[k 24.85 13.23 19.14 32.37 16.00
C:p B 9% B 266.22 314.88 122.67 437.54 34.38
AEALSE 188.72 144.75 112.77 257.52 26.53
o) 327.33 392.95 146.86 539.82 35.76
HEAR SRVD A 339.96 234.99 253.39 488.39 19.30
vl 146.59 85.90 95.50 181.40 19.08
ZRAEH 404.15 464.55 133.68 598.22 35.01
PIN W 268.44 145.68 186.47 332.15 14.92
% 315.88 216.63 193.06 409.69 20.37
N:P LN I el 14.23 7.38 9.31 16.70 17.22
AEAESE 10.36 8.70 6.32 15.02 22.52
IO 10.30 9.73 6.47 16.20 25.94
AR PRINUE S 12.15 8.86 9.28 18.14 16.80
vl 12.63 4.65 10.23 14.89 11.44
E250: 3 14.87 12.72 6.14 18.86 29.39
EIN xS 13.77 8.04 9.82 17.86 19.13
k7] 12.82 7.95 10.07 18.02 20.91
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Table 4  Analysis of the overall source of variation in leaf C, N, P contents and their stoichiometric ratios of major plant species

BH ERKR BETIM gy ‘
Parameter Source of variation 4 Sum of deviation Mean square F P
square
HETE Y Life form (Lf) 2 197577 98788 67.85 <2x10716%**
i Spices (S) 7 296325 42332 58.38 <2x10716%**
C A Month (M) 4 7104 1776 0.584 0.675
HEE T Y LixM 8 6394 799 0.594 0.78140
YR A4y SxM 28 40595 1450 4.153 1.77x1077***
HETE Y Life form (Lf) 2 225 112.51 4.04 0.02*
YIFh Spices (S) 7 2806.4 400.9 54.73 <2x10716%**
N A1 Month (M) 4 296 74.03 2.671 0.0353*
HETE T By LixM 8 87.4 10.92 0.400 0.9187
Yk 4y SxM 28 434.9 15.5 3.476 4.68%107 "+~
HEIG R Life form (Lf) 2 2.766 1.3829 5.923 0.00349 **
)Fh Spices (S) 7 20.58 2.9401 31.42 <2x10716***
P A 45> Month (M) 4 6.321 1.5803 7.952 1.7x1073 "+~
HEE T By LixM 8 2.198 0.2747 1.698 0.106517
YR 4y SxM 28 5.276 0.1884 5.383 7.06x10710 %+
A= 35 A Life form (Lf) 2 2 1.09 0.021 0.979
YIFh Spices (S) 7 4849 692.7 55.05 <2x10716%
C:N A1 Month (M) 4 977 244.25 5.55 0.000387 ***
TG R )y LExM 8 174 21.69 0.473 0.87294
Yk SxM 28 500 17.9 2.309 0.00167 **
A% Y Life form (Lf) 2 32900 16450 1.572 0.212
b Spices (S) 7 896665 128095 35.12 <2x10716"*
C:P A 15> Month (M) 4 354917 88729 11.09 1.05%1077***
HEE T Y LM 8 70146 8768 1.299 0.2514
Yl SxM 28 238334 8512 9.031 9.26x10716***
HETE Y Life form (Lf) 2 41.1 20.552 2.951 0.056
iFh Spices (S) 7 386.7 55.24 12.69 4.39x10712#**
N:P A 1/ Month (M) 4 212.3 53.08 9.352 1.26x1076***
HEE T By LixM 8 72.5 9.07 2.106 0.0409 *
PrFfx A 4y SxM 28 215.3 7.69 4.971 4.24x1070**

i FIRTE 0.001 ZKFFPIA R, FIRAE 0.01 KB, « FIRTE 0.05 /KPR 235
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S FEMI i C N (P & C:N C:P N:P [ MRS SRR (I 3) RN BRI BN, i i C &
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TR A s SR (AT

3 it
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N, BB AR P R SR B R A P R B AR SRR AR A A SRR S SN R A T TR 8 Rk
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