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Abstract; Leafl is an important organ for plants to obtain resources. Studying the relationships between its functional traits

and environmental factors helps to better understand the ecological adaptability of plants to environmental changes. In this
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study, with the aim of determining the ecological adaptations of desert plants and revealing the environmental factors that
influencing the functional traits of them, we investigated a typical desert plant, Tamarix ramosissima, in different habitats
(oasis, transition zone and desert) at the northern edge of the Tarim Basin, analyzed the differences in its leaf structure and
physiological traits, and established the correlation between them with soil physicochemical factors. The results showed that .
(1) the functional traits of Tamarix ramosissima leaves exhibited different degrees of variation, with the greatest variation in
leaf area (40% ) and the least variation in specific leaf area and soluble protein content (both 15%). (2) The structural
traits including leaf thickness and leaf area, as well as physiological traits including leaf soluble protein, proline, and starch
contents of Tamarix ramosissima were significantly different among the three habitats ( P<0.05) , with soluble protein and
proline contents reaching the highest levels in desert habitats. (3) There were significant correlations between several
functional traits of Tamarix ramosissima leaves. Leaf thickness and starch content were significantly negatively correlated
with leaf tissue density (P<0.05), while the correlations between leaf thickness and starch content, soluble sugar content
and non-structural carbohydrate content were significantly positive ( P<0.01). (4) The RDA analysis revealed that soil
environmental factors including soil available phosphorus content, soil water content, pH and bulk density had the greatest
influence, and could explain the leaf functional trait variations of Tamarix ramosissima better. This study indicates that
Tamarix ramosissima adapts to extreme arid environment by developing ecological responses that varying in leaf functional
traits and forming synergistic trade-offs between them. Soil available phosphorus content and soil water content are the most
critical soil environmental factors affecting leaf functional traits of Tamarix ramosissima. The findings of this study provide a

theoretical basis for the scientific management, conservation, and restoration of desert vegetation in extreme arid region.

Key Words: exireme arid region; Tamarix ramosissima ; leaf functional traits; habitat; soil physicochemical factors
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41°15" e W i aly RGP i U, U T AR IR B0 75 mm, AF1 28 % 35 2500 mm, 32 KD
SEMECR ; 2471 10.8°C AT 180—224 d, WIFFEIX F 2 iy - HESE R D 58 £ At £ Rl + X
Wb RSB D, AR SR Y 55, Z BRI ( Tamarix ramosissima ) | #14% ( Populus
euphratica Oliv) %54 (Alhagi sparsifolia Shap) 7% =5 ( Phragmites communis) % i}k ( Apocynum venetum ) %5 J&
A REYERSEBARY) . Horh , SRR AT X A e o |2 B 24 AR REAR SR 7 KR A R P
TR B PP SR R, B AT B VIR YD B IA K R R AR AR, R R R T AR A B
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Table 1 The community structure of Tamarix ramosissima in different habitats

AR wE B SEE M #E

Habitat types Density/ ( ¥k/hm?) Height/cm Crown range/cm Coverage/ %
£ Oasis 183.33+58.57 380.81+35.95a 398.47+57.47a 92.00+ 2.00a
3 P Transitional zone 383.33+92.80 132.04+4.25b 190.63+14.01b 67.002.00b
FIEVE Desert 191.33+30.14 161.97+2.80b 202.41+12.78b 52.00+2.00c

B AR R, AR NG FREFORBA BEPEZESR (P<0.05)

FERFAFE T, X o3 A 26 L i 2 AR A T PR R 2 0 S A A R I8 RS T H i Rk
1 JEIR S F SR A SRR TR R N EIE S S AR I K 3 R 1 2 R0 3 #k, A4 T Tl
RAEFL R MR o TR A AT S5 1 2R e AU B b AR K & R RS20 = oAb R
T R IZATEDIG RS TR R £ T 002 5825 5 IR A 4 R4 0—20 em %
JZ 0 SRS PRBRIEIAR R AR E YR A AE N 2 O, — R AR & LA E 3K, 5 —
Py A F B8 FH DA 2 e B iR
1.3 $8brillE
1.3.1 MR ae R e

W ZE AR R 22« I H A AT I R (leaf thickness, LT, em) (W 5 I (leaf area, LA, cm®) | FLI 1]
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FH (specific leaf area,SLA,cm’/g) LU FE (leaf tissue density, LTD,g/cm®) , M5 732 AWG T 0] 5256 % 1Y
(s L R CRE A EE 0.001 g) FREEAT H i 8 5, SR MR A2 AR i e b g RO/ IME AR, T
M A HL SRR R TR R R RS EE 0.01 mm ) I HLmp 5 JEE B | 5ol i 4 B e T, 18
JHEAH#4Y ( CanoScan LiDE300 ) #9431 1] Image] 2 F43Hrit Bt il #4345 iy r 7EREA h 105°CF
AT 2h, IHAE 75°C T T 48h RAEE SR 7 RPN EMN T8, Hr AR 2% B Rl AT 2
AR
Fem AL (SLA) = it Jr TR/ 1 B (1)
H2H 2 B (LTD) = M B f/ (M AR 2 (2)

o 2 BRI 5 < DU HE BRI B AT M AR 1 7 2 (soluble protein content, SP,mg/kg) | AT MEME & &
(soluble sugar content,SS,g/kg) €K} 7 i (starch content, ST, g/kg) JHZ MR 7% i ( proline content, Pro,g/kg) .
AR R PERR K A6 & W) E 18 (nonstructural carbohydrates, NSCs, g/kg) o H: b A & P4 FIIE M) & 2 09 S A1 o B4
FIPERR KA G W) 7 (NSCs ) o ZE J7 100 R 25 Dh 52 W 1 G- 250 10 M 3 TV PR 2 1 3 3 (SP) 5 R
FH TR b €70 5 R T s M (SS) RIVER (ST) i 5 SR PR S /K A s I 52 I i 4202 7 1 (Pro) 777
1.3.2  HSEBAEIN TR E

ARG I E B9 B R 3R AR A 45 13 5 /K (soil water content, SWC, %) \%¥HE ( bulk density, BD, g/
em”) .pH 18 . HL 5% (electrical conductivity, EC, pS/cm) A K +3E4 HLEK (soil organic carbon,SOC) 4% ( total
nitrogen, TN) | 4% ( total phosphorus, TP) JC % & (g/kg) DA M T3 2 7% 1= (alkali hydrolyzable nitrogen,
AN, mg/kg) T3 ZLWE & 12 (available phosphorus, AP mg/kg) %5, HoHp R M40 5 385 /K 2 R FHER
JIVEIN RE A e 5 SR P AL SE TR0 7 13 pHL {H 5 >R F R 312 D00 7 8 5 3 0 D) SR P A5 7 R A 0
S AL S BRI L (ORI 3k A5 W i SR P 102 D e 05 B 5 SR B iR
LU 2 g A Y R AR TR A 8 AL R TR AR 2 IR

R2 TREETEERGR

Table 2 Basic overview of soils in different habitats

7%x = S ool 7 il S
b Hpk sk K GG X %WW% £t B AR R
; . ’ BD/ pH EC/ S0C/ TN/ TP/ AN/ AP/
Habitat types Soil types SWC/% 5 .
(g/em”) (nS/em) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)
2% Oasis Tt 0.32+£0.01a 1.10£0.18 8.74+0.08a  420.33+26.36a  349+0.09a  0.27+#0.02a  0.61+0.0la  8.49+0.89a 1.34+0.01a
i .
L@ET it 0.22+0.03ab  1.14£0.08  8.29+0.28ab 2296.67+129.14b  2.03x0.04b  0.08+0.01b  0.54+0.01b  4.12+0.24b 0.87+0.07b
Transitional zone
el Desert Wb+ 0.0120.00c 1.30£0.01 8.24+0.07b 1640.67«132.16c 2.18+0.11b  0.07+£0.0lbc  0.57+£0.02ab  5.07+0.31bc 1.91£0.11¢

R BN PRI, A RN FHIREA BEEZESR (P<0.05)

1.4 Hfnabs 550

J Excel 2019 SPSS 26 ,OriginPro 2018 Xf IS8 #EA T4 BE I3 Hr M2z [, X Z AT R PR EA T il
WHEGET 530, A5 B D REMEIR (AR SRR Forh AR 55 R %K ( Coefficient of Variation, CV) = (£ DI REHAR bR #E
25/ 8 NREVEIRT AN BIME) x100% 5 FIFIHLN R T7 225001 ( One-Way ANOVA ) K560 A i) A= 358 T 22 BOEE M F
T RETER (4 22 5 5 SR FH Pearson AHSCHEAS 30X 22 R AR M T BE IR 22 18] A4 A DCVEHEA T 434 5 FILHTTUAR 43
BT (Redundancy Analysis, RDA) #R5E Z I Fr D REVEAR 55 3B PRIL I TR OC R .

2 ZHREHH

2.1 Z RN R D RETEARAL SRSk
Z RN R D RETEAR AR PEGE T 45 R ANSE 3 B, v] LLE 2Rt A S RE MR A9 28 5 2 50 A
5T 40% , NN AR RE o e Le i AR PR ARSI PERROK AL B S PR IR AL et /N, 28 5 R B
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Iy WA 15% 15% K0 16% ,SF-HIE 5> 514 50.41 em®/g 9.86 mg/kg 96.03 g/kg, AT R EH KT AEEIR A
R BRI 2R , 28 5 R 500 510 40% 37% , F-34{E 53 310 3.81 em®,0.83 g/kg, 435I 7E 2.00—6.67 cm’ Fl
0.49—1.48 g/kg YU FINAE SN, MR RS A ZUREE AT PERE  DE M & 1 A5 R 0 728 S R B AR X /DN, AR S
ABOIITE 209%—22% TN

R3 SHEEUMAIRERERES T T

Table 3 Descriptive statistical analysis of leaf functional traits of Tamarix ramosissima

oA SRR i ok S PRl EIRRR

Leaf functional traits Minimum Maximum Average Standard Coe.ffl?lent of

error variation/ %
SERTER R JEEE/em 0.35 0.66 0.45 0.03 20.00
Structural trait AT em? 2.00 6.67 3.81 0.51 40.00
eI BY (em?/g) 37.32 65.02 50.42 2.58 15.00
H-2H U/ (o/em®) 0.03 0.06 0.04 0.00 22.00
A EPER i 2R & 5/ (2/kg) 0.49 1.48 0.83 0.10 37.00
Physiological trait AP/ (mg/kg) 7.69 11.48 9.86 0.49 15.00
TR/ (2/kg) 57.43 97.74 79.39 5.30 20.00
WH (2/kg) 11.08 22.86 16.64 1.20 22.00
AR E Y/ (g/ke) 74.72 116.28 96.03 5.21 16.00

2.2 R[S T SR O RErER2E 5

AN TT 22T A R, Z AR 8 RE A Fr AR S S PR DL v B IR TR 3
S5 BMIRAE AN F] AE B  BA 5 225 (P<0.05) o 3 R ABE i, 2 BRI e it BRI HES DU g i
> SRUN> e, LI A BRI by T AR R TR (F=9.734,P=0.013) , P34 (5.51£0.58) cm®

a a
0.6 I 6k T
g ab
2 T
) 2 | b < § NE I ab
me t gs ¢
TE \ i = b
S 3 £ 3 I
S o02f 2 2t
0 \ e 0 .
2 - A A il 2 EZ S S TALBUR i Tt
0.06
60 | _
2 ! % 1
S T mg 0.04 L
%g 40 | .:l.: ‘Ei@"; i | .
h=| | 2 0.02 | .
2 20 z :
7] ] .
0 A D . .I. 0 h A . 1 .
E= 7 I > <) By vt BURY. & eI £/ > < S5 vt BURY. &7 bt 3
H:1% Habitat

1 AEEETERENN SRR P ERERZE)
Fig.1 Leaf structural traits of Tamarix ramosissima in different habitats( Mean+SE)

AEING FREFRIR AR A 55T Z BRI R S REOIR 22 57 .35 (P<0.05)
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(B 1), ZREM R R RN HEP T A i > S > SR, Bl P AR B 2 A ep it Fr R 3%
i T LR (F=8.708,P=0.017) ,*F-HI{E 9 (0.56+0.05 em) (1), AzBEPEAR D ZECEEMITE N & W 2 I
St AR AR (& 2) Tl R 2R I AR AN [R) , JHG o i Y R 5 W 2B B b ik B B s, P 39 40 )
9 (11.25£0.17 mg/kg 1.17+0.18 g/kg) o T4 455 i 2R MM 202 & 2 1035 5 TSN i AR B (F =
5.617,P=0.042) (& 2) , M g 2RI e A & R B3 & T8 (F=14.265,P=0.005) ,{H 51t
WL EER (K 2),

a

w12t I

< J.
mmi’/‘)
4E 08 b b
&z T T
X3 N
=2 04

I

=%

o S-REEEE et

o
< 12y b a e
G o < o N a8
%E \ fﬁ% 60 | -
= # o
B =% )
2 E .
i M SU-eEEEE R 5371 I = <[5 R BU R, 2 A it 3
]
a ~
go 20 | T ab gé . 1 : 1
B B RABINN
4§ T L 28 o L
§§ NN 853 0
i 2 f 30
0 \ . é 0 ‘ X L.
M SU-EEEE R 5371 I = <[ R BU R, 2 A it 3

H: 3% Habitat

2 REERTSRENMN FERER CPEPRER )

Fig.2 Physiological traits of Leaves of Tamarix ramosissima in different habitats ( Mean+SE)

2.3 ZEBEMIM RO Re IR B A

X Z NI B DI BEE IR AT Pearson AHOCHERE B0 , 45 5 3¢ B 2 B R M F TR 55 20 2% 1 2t I 3 10
HRKRKZ (P<0.05) , SIEM W W IEAH KR (P<0.01) ; H2H4U% B 50 S0 W2 A6 R & (P<
0.01) ; AT PEIE S5 AE S5 MK A & 0 S R 28 TE AR JC G R (P<0.01) | i At D) BB PR AR 22 [H) AN AE 7 2
FHRKR,
2.4 ZEEEMIN B OhfErEIRS B R R

FIFH RDA HEJ7 it — 2543 1 Z BRI B D RE IR 5 A4 5% 3L IR 7 1 5 R 25 SRR B Z R ARt F
IHREVEIRAESS 1 4h 56 1L BAY R 20 00l 41.29% 0 29.6% , 555 111 %l 25 1TV SRR 2 Rl 27% , R it 23t
fERE BRI i DI BE IR FFIE SR 70.8% , XF Z UM Fr DI BE IR AN e AL R -1 BT R R 97.8% .,
HY LT 0, FT PR RS AR b S B 2 AR e D RE IR AN 3B R T R 9 H 2 th S Tl

http ; //www.ecologica.cn



9 11 WHE 5 T R K SRR SRR K 5 L T % R 3705
F4 SHEUNEIEEROEXYE
Table 4 Correlation of leaf functional traits of Tamarix ramosissima

Loy Ly Lt ML ER AR Al ey JESE R
JEEE T [p8 Bl Hi A ez ST wAKLEY
LT LA SLA LTD Pro sp ss NSCs

W JEEE LT 1

AR LA 0.629 1

IR SLA -0.062 0.208 1

HHAE LTD -0.739*  -0.593  -0.597 1

I 22 & & Pro 0.103  -0487  -0.613 0.336 1

AR R SP 0372 -0.287  -0.439  -0.089 0.514 1

TR SS 0.162 0.098  -0.247 0.064 0.492  -0.164 1

JER ST 0.817**  0.396 0.235  -0.808** -0.074 0.5 -0.189 I

JELERERK LA NSCs 0.352 0.19 -0.197  -0.12 0484  -0.052 0.974**  0.036 1

w5 FORMUBEHI(P<0.01) 5 = FR B EM I (P<0.05) ;LT M i T Leaf thickness; LA : M )5 i R Leaf area;SLA ; UM EI A Specific leaf area; LTD ; M4 414
J¥ Leaf tissue densily;Pro;Eﬁﬁ@ﬁ/‘ﬁ\ 4 Proline contcnl;SP;ﬂfﬁ‘ﬁﬁEl Soluble protein contenl;SS;m‘fﬁ‘ﬁ*%‘ Soluble sugar contenl;ST;?ff% Starch content;NSCs:jF?tm

MR KA A4 Nonstructural carbohydrates

K3 BE i Sk AUR Z BRI 7 D RETRAR , 52
2 AR IR N - Sk R R KR SRR
Z RN R SRR LA T E RN, i
Sk LM RN MR, B 281N 5 17 Sk 5 HE R il
FRIe A FRARSENE B R/ T ff/ s RS PR, 245
KR, AL T e K | 4 pH | R
A L S 1 R SR I A K, U] S K
T pH | A TR R A P AR X R e T R X 2
B S BE VIR AL S 21 1 Ak e ke,
pH ISR 5 UEA & i M i BUSIE e, S5 M4
URRE T i L R IR PR | i R
i AR A SRR L, S R AR R R]
TETERE ARZEMVERR K AL S Y& B e, R, 3
P LI A S A AR R R
I pH SR E  REA LR 2P 2R EX L
A BRI T A 25 R S, Ferp L SR S i A i B
KRR, AR R i S AU EAN SR R R

3 g

3.0 RIFHE BT MM ok A e
W52 XM AL HLACT e 5L 0, 59 il B —
2 o B X B (] 0 B KR AR
Geri s I, A A P S R RE 1 K
(1), BOTAEAS i 258 A B 22 o o A 2L

0.6

Axis2 (29.6%)

#3
)22
Fig.3

SS

Axisl (41.2%)

SHEVM I ERE L EEAE T RDA — 45

Two-dimensional RDA sequence map of leaf functional

traits and soil physicochemical factors of Tamarix ramosissima in

extreme arid region
LT M JE B Leaf thickness; LA : M F T FX Leaf area; SLA ; LI T
B Specific leaf area; LTD : 21415 & Leaf tissue density; Pro: Jifi &
% 7% & Proline content;SP; AT %YL 1 Soluble protein content;SS:
AL MBS Soluble sugar content; ST JEH} Starch content; NSCs ; JE 4%
HIPERR K AL A4 Nonstructural carbohydrates ; SWC ; T35 7K 5 Soil
water content; BD: %% T Bulk density; EC: H, 5§ % Electrical
conductivity ; SOC ; 34 HL#% Soil organic carbon; TN: 4> &, Total
nitrogen; TP; 4> B Total phosphorus; AN: -1 3 B fi# & Alkali
hydrolyzable nitrogen; AP ; -3 # 44 ## Available phosphorus

FEATHE S E BT, 2 AT YURAL, e AN 52 BK 7> i TS S S AE F AR AERR I, il T
ey L iU BoR) Sip s SRS FIRUAILEY/BLTA e ke e st NI P =Y NS i 7 i LN E RS e I 1]
Jar e, DI A 85 T 22 ORI B e R )RR 5 T LR O M 2% A 85 2 OB MDA ki MR R 25 (A 25
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TEFRE TR RS B AR R AN . X TR A1 AE 5% o T AR AR B AR 2 mT RBAF A2 G ALK Ay 4 25 it
— BRI T RERR ARG AR AT S R BRI i R R A R T AR 3 R SR b R B 2 R
(P<0.05) , Horfrid e JELEE R R AR A3 0 26 SN RN A B de /N 8 e i iy A v e R (B 1) o b R4
P PR A A P e R B A AR bR, 0T R A AR Y % BB SR A AR A RE T EAR R B T, M
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