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Leaf characteristics of typical desert plants in the upper reaches of Tarim River

and their relationship with soil factors
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Abstract: In the context of global climate change, plant functional traits changes are the hot research area in the ecology
field concerning by a lot of researchers. As the most direct organ in contact with the external environment, plant leaf exhibits
a greater plasticity and sensitivity, which can be represented by diverse responses in plant leaf functional traits to
environmental changes. The upper reaches of Tarim River was a typical arid region, distributing many desert plants, which
playing important roles in maintaining local ecological security, sandy land and saline alkali land are the most common
habitats for these desert plants growing. In order to understand the functional traits of desert plant leaves and their ecological
adaptability to different habitats in the upper reaches of Tarim River, two typical desert plants, Karelinia caspica and Alhagi

sparsifolia, were chosen in this study. Their leaf structural and chemical traits in different habitats (including sandy land
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and saline alkali land) were analyzed and the relationship between these traits and soil factors were discussed combining
with redundancy analysis. The results showed that; (1) there were significant differences in leaf structural traits between
two studied species (P< 0.05) , including leaf thickness (LT) , leaf area (LLA) , specific leaf area (SLA) , and leaf tissue
density (LTD ) ; while the differences in chemical traits were significant between two different habitats ( P< 0.05),
including the leaf organic carbon content (LOC) , leaf nitrogen content (LN), and leaf phosphorus content ( LP), their
average values were 417.67 g/kg, 15.14 g/kg and 1.12 g/kg, respectively, which were lower than the average level of
global plant leaves (464g/kg . 18.3 g/kg . 1.80 g/kg, respectively). (2) In sandy land and saline alkali land habitats, the
LA of two studied plants both showed extremely significant positive correlations with SLA (P< 0.01) , while the LA, SLA of
two studied plants both showed significant negative correlations with LTD (P< 0.01), and LA as well as N/P were the top
three common index factors of plant leaf functional traits in different habitats. (3) Redundancy analysis showed that soil
factors , including soil water content (SWC) , soil organic carbon (SOC) , and soil nitrogen (SN) had significant effects on
desert plant leaf traits. This study demonstrated that desert plants have developed relatively stable leaf structural traits in the

long—term evolution, and leaf chemical traits were more sensitive to the changes in soil factors of their habitats.

Key Words; upper reaches of Tarim River; desert plant; leaf structural character; leaf chemical property; soil factors
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caspica) \ERTIAK (Halocnemum strobilace) 1 {4 H| ( Nitraria tangutorum Bobr) 55 | B YY) 32 B A 3% 5¢ ] ( Alhagi
sparsifolia) AEAESE (Karelinia caspica) )7 =5 ( Phragmites australis) 3 3% ( Salsola arbuscula) 55, Hir A 4E4¢
AR RUARREY) IR T RN i P B B L R T e I T 5 R A T RS U SR SR RIAR £ K
KR A R, i B WA B, BB BT ER R T T, AT R R ) R DR AR B XU 7D A
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Tablel Basic overview of quadrat

A8 WiFh W L7 e SR A B AR
Habitat Species Density/ (#k/m*)  Plant height/cm Crown size/cm Habitat description
it HHER AP+, F B4 T RS
1eAL L 1.49+0.07 66.06=0.60 89.19+0.97 =AAT L, v =
Sandy land -~ T 25 AR DL AE R Ol 3 R a6 I
- + 3 5 M, 0—100em - HE S K B 24K
IR e 0.71+0.07 79.48+1.51 88.54+1.92 2%—00
(4 ‘0
Th i AN R+ BB T AR 5 T
. . 1eAL S 10.51+1.63 29.24+0.14 20.32+0.15 =Am ML, ! o
Saline alkali land - SEREHE RS T B LA A R
. PRI o BE AR, IR A, 0—100cm 13
IR gE 15.75+2.41 35.52+0.13 20.71%0.11

KRR 17%—23%
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SWC,%) .pH {H .. 5% (electrical conductivity, EC, ps/cm) PL & I HLHK ( soil organic carbon,SOC) A& (soil
nitrogen , SN) % ( soil phosphorus,SP) JGZ % & (¢/kg) VA S + 34 2R & & (available nitrogen, AN, mg/kg) . 1
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BAEYI I Rk 22 S X R T2 5. ] Pearson AHIC/ AT T WEAE M o R A AR ] A AR G B
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2.1 AFEAETEM R R EEE

XK 227 2243 W2t R W A A LT LA SLA LTD 2545 MR 7848 AL S8 RN 3% 8 ) 55 S W Fh 2 o] B A
25 (P<0.05) (%2, 1) ;B LeMIETERIFYI M A LOC LN \LP .C/N N/P C/P S5 {b2E IR e v b A
AR SE AN R A B h ) B W 25 9 (P<0.05) (K 3) o Horb, 434 76 Eh Bl 1) 46 48 59 R 3% BE | 1 LOC
(438.60g/kg,457.50g/kg) LN (18.58¢/kg,17.59g/kg) .N/P(21.08,19.07) 1 C/P(502.06,499.69) & 2 & F b
HiL(P<0.05) | M43 A ZE VD H A4 A6 AL 52 AR BRI B LP (1.34g/kg, 1.33g/kg) F1 C/N(29.55,35.39) & & T L5
H1(0.89g/kg,0.92¢/kg 1 23.76,26.50) (P<0.05) (&l 2) .
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Table 2 Differences of plant leaf structural traits in different habitats

LT LA SLA LTD
AbH Treatment
F P F P F P F P
4= 1% Habitat 1.820 0.214 0.399 0.545 1.963 0.199 0.8 0.397
Hyp Species 7.281 0.027 " 9.367 0.016 " 26.077 <0.001 *** 28.8 <0.001 ***
He B x ) HabitatXSpecies 3.236 0.110 0.459 0.517 0.521 0.491 0.0 1.000

P<0.001 # % = P<0.01 % % P<0.05 % ;A=55 A vl . 2hodith , Y Fh AL AL L% S80I LT . - JEE BE leaf thickness; LA ; P 1A FH leaf area;SLA: b
Y specific leaf area; LTD ;214155 leaf tissue density

2.2 AN R HRA D R
Pearson A/ HT 45 SR LB (1K 3) , ZEPAFI A3 T A LA 5 SLA B IEAH M (P<0.01) 1T LA |

SLA 5 LTD 24 B & 71 4H5¢ (P<0.01) ;LN 5 C/N . LP 5 C/P &4 B & M AHE (P<0.01) , fEVHiTd,LOC
5 LN 24 B FFEA X (P<0.01) ,LA SLA #5 LOC LN N/P 2 1FAHX (P<0.05) ,LTD 5 C/N 2% i & FAH
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J(P<0.01), fEERmH LN 5 LP & 3% A6 (P<0.05) LT LA SLA #5 1L.OC £ fi 45 (P<0.05) LT
5 C/N.C/P & BEFAHK(P<0.01),

R3 TREHETEHMFEZERZ BEERE
Table 3 Differences of plant leaf chemical traits in different habitats

LOC LN LP
KbFH Treatment
a P F P F P
A= 45 Habitat 74177 <0.001 *** 24.248 0.001 ** 43.059 <0.001 ***
I Species 0.388 0.551 1.936 0.202 0.066 0.804
He B x ) HabitatxSpecies 4.417 0.069 0.317 0.589 0.042 0.843
C/N N/P c/P
KbFH Treatment
F P F P F P
/E35% Habitat 8.733 0.018* 86.786 <0.001 *** 42.097 <0.001 ***
YIFf Species 2.996 0.122 2.521 0.151 0.016 0.902
HBEx 4 Fh HabitatxSpecies 0.389 0.550 0.017 0.899 0.003 0.959

P<0.001 % % % P<0.01 % %  P<0.05 % ;A= 55 NybHh 2R Py Fh R AEAE L% . 38 58 1 ; LOC . M A HLEK & 1 leaf organic carbon; LN : M & &

leaf nitrogen; LP ;: M & &t leaf phosphorus
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Fig.1 Leaf structure traits of typical desert plants in different habitats in the upper reaches of Tarim River
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Fig.2 Leaf chemical traits of typical desert plants in different habitats in the upper reaches of Tarim River
# % % P<0.001, * * P<0.01, * P<0.05
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Fig.3 Correlation coefficient of leaf traits of typical desert plants in different habitats in the upper reaches of Tarim River
P<0.01 % % ,P<0.05 % ;LTS leaf thickness; LA ; M i leaf area;SLA ; LI A specific leaf area; LTD ;M2 ZU% & leaf tissue density;
LOC : A7 MLk &5 it leaf organic carbon; LN MU % it leaf nitrogen; LP ;M8 & i leaf phosphorus

2.3 S FRRE

I B R 2204 SRR (1 4) , BR BD SN, AN SP 7E L5 b 5 70 Hb ] G i & 22 F: 41, SWC  pH .
EC.SOC fl AP % + 3 F 76 AR A S M /776 % 22 5% (P<0.05 5¢ P<0.01), HrpEh il b i) SWC
(22.30%) .pH(8.62) .EC (2396.67ws/cm) Fl SOC (4.03g/kg) & & T V> i (0.55% . 8.24 .1640.67ps/cm Fl
2.18g/kg) , VPHBAY AP (1.91mg/kg) & TRl AY AP (0.87mg/kg) .
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R4 MHETFRERGEES RS TEHE

Table 4 Initial factor rotation component matrix and principal component contribution rate

R 1 ERr 2 Y3 ZAETI LR

i it o o o . . AWFIT%E
Habitat Index Principal Principal Principal Comprehensive C()mpre}%enswe Communality
Component 1 Component 2 Component 3 score ranking

it LT 0.089 0.456 0.880 0.308 6 0.990

Sandy land LA 0.831 0.061 0.444 0.509 1 0.892
SLA 0.832 -0.411 0.185 0.349 5 0.896
LTD -0.707 0.278 -0.612 -0.393 9 0.951
LOC 0.743 -0.334 -0.214 0.255 7 0.710
LN 0.947 -0.018 -0.294 0.420 3 0.983
LP 0.012 -0.988 0.000 -0.235 8 0.977
C/N -0.868 -0.093 0.353 -0.397 10 0.886
N/P 0.889 0.363 -0.265 0.489 2 0.991
C/P 0.370 0.866 -0.150 0.371 4 0.909
FRIE(E 5.019 2.435 1.729
piy: & 50.190% 24.352% 17.291%
S Wil 50.190% 74.542% 91.833%

ER LT 0.211 0.065 -0.094 0.098 4 0.967

Saline alkali land LA 0.102 0.241 -0.085 0.103 3 0.749
SLA 0.112 0.252 -0.079 0.111 2 0.839
LTD -0.155 -0.206 0.128 -0.108 9 0.913
LOC -0.202 -0.046 -0.048 -0.113 10 0.849
LN 0.154 -0.177 0.264 0.064 5 0.985
LP 0.119 -0.245 -0.226 -0.060 7 0.982
C/N -0.175 0.131 -0.260 -0.086 8 0.989
N/P 0.036 0.090 0.532 0.138 1 0.997
C/P -0.142 0.221 0.222 -0.042 6 0.995
FHOEE 4.500 2.982 1.783
i 44.999% 29.820% 17.835%
LS 44.999% 74.819% 92.654%

2.4 HREMRES EERFRHER

I 2 FFEEAE Y B R PRI SRR B R 54T RDA HEF oI5 (1 5) |, S5 SR R WITE AR Y i R
PEIRFFAELESS T8 25 1 a0 R it 43 90 56.5% F1 6.4% , 45 111 il 45 IV Bl il Re & 22 A 3.2% , HLETH
h BT R Y A R AR R 62.9% , WHAEY I R A O R  B R 95.1% , HIIET]
AR P RE S AR L b S AR i e RN R OGO LR AR 1 e . S5 RERET, HIER
SWC .SOC Fl1 SN #i sk £k i K , Uil SWC . SOC Fl1 SN X et it i MR A8 S 21 17 38 o i e . SWC Al
SOC 5 LTD .LP #il C/N J§i iM% %2, 5 LA SLA .LOC LN N/P il C/P MIEA XK Z&, Hid SOC 5 N/P 1y
IEAHSEPER A, SWC 5 LN Ay IEA SRR,

3 e

3.1 AFAEEY R R e 2R e

TERERAMEAATST 50T, A Py 30 2k e 28 P DR Al w1, G HE DA 4 i 7 5% P 5 A A 1 i 3 S5 A
JET DAY LT A LTD W RARRLY A IR LT R FR 340 S AR RE T SLA WS R A B AT
IBERE R A O ARG R B, FEAESE RN GR SE I i LT LA SLA 1 LTD 78 R Bl ity A1 b Hi 9 ol AR i) £ 58
s AR (HAEARF YRR B 25 fEAE50) LT LA F SLA & T3 5eH], (0 LTD B AKX T 4% B¢
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