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Response of leaf functional traits of

Calligonum mongolicum to habitat changes
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Technology, Lanzhou 730020, China; 3 Gansu Mingin National Studies Station for Desert Steppe Ecosystem, Minqgin, Gansu
733300, China)

Abstract [ Objective] This study aims to reveal the variation patterns of leaf functional traits of Calligo-
num mongolicum in different habitats in Mingin, Gansu Province, China, and to explore the adaptation
strategies of C. mongolicum to the arid desert environment. [ Methods] This study took C. mongolicum in
the oasis-desert transitional zone as the object, and using sampling methods to collect well growing leaves
from the central part of the sample plants in four directions: east, west, north, and south. Soil samples in

the depth of 0—60 cm near the roots of plants were collected using a soil drill. The leaf functional traits
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and correlation of C. mongolicum under two habitats, interdune lowland and active sand dune, were ana-
lyzed. The relationship between leaf functional traits and soil factors were analyzed. [Results] (1) the var-
iable coefficient of leaf functional traits was between 2. 39% and 24. 94 % , where specific leaf area (SLA)
was the largest (24.94%) while the stable carbon isotope (8" C) was the smallest (2. 39%). There was
significant difference in total carbon content (LCC) and total phosphorus content (LPC) of C. mongoli-
cum leaves between the two sites, while there were significant differences in SLA and LPC between the
two habitats. (2) The leal water content (LWC) and leaf dry material content (LDMC) were extremely
significantly (P<C0.01) and significantly (P<Z0. 05) negatively correlated under the two habitats, respec-
tively, LWC was the top three common index factor in the comprehensive ranking of leaf functional traits
of C. mongolicum under the two habitats. (3) Soil total nitrogen content (STN), pH value, and soil
moisture content (SMC) were the main soil factors affecting the variation of leaf functional traits.

[Conclusion] C. mongolicum could better adapt to the habitat by changing leaf morphology, regulating

nutrient content, and interacting with soil factors.
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Table 1 General status of plots
. I Crown/cm 5 i o i
i b 52 ; ; Longitude Latitude
Sites Habitats Height/cm Ak 77 11 VG5 1] o TE - /N
North-south East-west /
3 5 X & FEAE L Interdune lowland 145.3 202.7 175.0 102°55'15, 12" 38°37'54. 82"
Observation
tower 3 M7 i Active sand dune 153. 3 186. 3 173.3 102°55'15. 12" 38°37'54. 82"
T [ #1 Interdune lowland 115.0 151. 6 119.0 102°56'33. 40" 38°36'49. 84"
Shuangdunzi FH R Active sand dune 108. 4 151. 6 133.4 102°56'33. 40" 38°36'49. 84"
1.2.1 I ERIBRNE tal nitrogen content, STN) 3% FJ 2 3 & 9L [C &1 )

KRG 0,000 1 g f LT K P FR i 0 i
Hon, @) Kt 2R T REF/KPEZEMH,
FREL Gmy 5 @) 5 il I T80 B (Yaxinl 24 1) Hil & it
A (S em®) o Bl H IR ARG E T 65 °C R HLAR
A EEERENEMH R TEO, 9. T
FRYREHLIEAT RS 33 0. 125 mm (120 ED§f, it A
4 f% (leafl total carbon content, LCC, mg/g) .4 &
(leaf total nitrogen content, LNC,mg/g) & % H
JEFE X (Costech ECS4024) M 7 ; M A 4 5
(leaf total phosphorus content, LPC,mg/g) i i ¥
Bt - ok 4 A 0T A R A B P LL € ik et
M A 4 € ik [ {32 & (stable carbon isotopes 8" C, %)
SR IO B 18] 432 3R 23 74X (Picarro G2131-1 CO,)
W E

M F 2 7K & (leaf water content, LWC, %)}
WA miwe = (my —my)/m, X100% , Eb IR
(specific leaf area,SLA,cm”/mg) B AR N :Sqa
=S/(1000Xmy), M T# & & (leaf dry material
content, LDMC, ¥%0) 1B A X K : mipue = ms/m,
X100% ,

1.2.2 TEEFUE

+ 145 K H# (soil moisture contents SMC) % F it

9 52 s A HL IR & 1= (soil organic matter, SOM)
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FE s AW & (soil available phosphorus content,
SAP) R FH B R 2604 B8 B B0 H 0k e s +
il 5 K (soil electrical conductivity, SEC) % A B
SRS I 5 3 pH(ER AR E D E
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PTGV o B A1 . 3 001 SR 72 57 3R 0 Ccoe -
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/e BB 13 3 AHL PP LWC.SLAN ¢ P&
WA 3 SRS BT AR ARIR B KF (P>>0.05)
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Table 2 Descriptive statistics for leaf functional traits of C. mongolicum

Lo b Mk IR PR ERNEE RS e it
traits - (cm?/mg) LDMC/ % (mg/g) (mg/g) (mg/g) 3B C/%,
KA Maximum value 75.330 0. 035 31.043 460. 198 22.998 1. 340 23.049 —13.546
il Median 69.769 0. 023 26. 669 440. 071 17.938 1.081 17. 674 —14.431
He/ME Minimum value 65.582 0.013 22.294 405. 635 13.268 0.779 13. 675 —14.910
SEHIE Average value 70. 139 0.025 26. 741 436. 686 18.533 1. 060 17.792 —14.415
FrifE 2% Standard deviation 0.023 0. 006 1.995 13.517 2.692 0. 189 2.915 0. 344
BHRRFCV/% 3.32 24. 94 7.46 3.10 14.53 17.85 16. 39 2.39
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Fig. 1 Changes in functional traits of C. mongolicum leaves
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Table 3 Differences of leaf functional traits of C. mongolicum

I ) B FEHb Sites 4= 3% Habitats FEHh X 453 Sites X Habitats
Leaf functional traits F p F P r P

A K E LWC 0.609 0. 446 0.513 0.484 0.002 0.964
Lt A SLA 2.183 0.159 10. 630 0.005" 0.133 0.720
M9 BT F i LDMC 0. 059 0.811 2.551 0.130 0.427 0.523
4 fik 1.CC 5.361 0.049" 0. 396 0. 547 0.196 0.670
4% LNC 2. 367 0.162 4,271 0.073 3.177 0.113
4@ LPC 16. 433 0.004 ™ 6.021 0.040" 0.020 0. 890
AR N P 4,493 0. 067 0.110 0. 749 2.243 0.173
R B[R 7 81 C 4. 430 0.073 0.742 0.418 5. 220 0.056

e %% FIORAE 0,01 KP B 225 WE(P<C0.01D) ;5 * F/RAE 0. 05 KF L2 5 WEP<0.05, FH,

Note: ** indicates a significant difference at the 0. 01 level. * indicates a significant difference at the 0. 05 level. The same as below.
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Table 4  Correlation coefficients among leaf functional traits
I Iy R R , - i RO
g MM ek worme TIRT wam wam wam owmmr bRER
Habitats traits LWC SLA LDMC LCC LNC LPC N:P  [EfiiZs"C
LWC 1
SLA 0. 826" 1
LDMC —0.960" —0.843" 1
] - .
LCC —0.181 —0.500 0.234 1
1%
Interdune LNC —0. 700 —0. 281 0.539 0.052 1
lowland
LPC —0.185 —0.166 0.312 0.516 0. 230 1
N:P —0.263 0.066 0. 040 —0. 490 0.505 —0.713 1
sHC 0. 205 —0.356 0.246 0. 500 —0.936" 0.188 —0.628 1
LWC 1
SLA —0.524 1
LDMC —0.840" 0.714 1
Wi gl
v LCC 0.471 —0.984" —0. 646 1
Active
sand LNC 0.578 —0.873" —0.744 0.889" 1
dune
LPC 0.098 —0.528 —0.524 0.558 0.746 1
N:P 0. 400 —0.175 0.023 0.142 —0.072 —0.712 1
e 0. 665 0.079 —0. 306 —0.163 0.068 —0. 338 0. 495 1
2.3 HEIMTIERFHITHISIE 0.016%,3 S 530 TR BN B RCHL & F 5

H 2 6 AL 5% X £ 5 SMC.SOM, SAP &
SEC )28 Ak 3 il 43 5 2 0. 364 % ~1. 229 % .0. 150 %
~0.223%.0.256~0. 659 mg/(100 g).129. 250~
397.972 pS, & J5 23, AR FEHb L AR BE 2 1) 22 7
ANEFE(P>0.05), STN 28 fk L [l J& 0. 003 % ~

BN e, MAE B B RMK L 5 0 3 v B2 (8] 22
B (P<C0.05), pH LRI 8. 433~8.993 Z
(] S B | AN [FIAE 22 1) TG & % 25 S (P =>0. 05) , {0
Wb 5 pH (H = T R, L H R TE 3 58
Wb A3 pH A 2 3w T e[ (P<<0. 05)
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Table 5 Factor matrix and principal component contribution rate
Ny Ny o/ PRy PRy
8 it 30 PR EMORL EMSr o RS EERS o CEERR g
; h . Principal Principal Principal Comprehensive  Comprehensive < .
Habitats Leaf functional traits 8 . Communality
component 1 component 2 component 3 score ranking
R &k LWC 0.614 0.759 —0.190 0.295 2 0. 990
L AL SLA —0.154 0. 869 0.212 0.182 4 0. 824
¥ BT F i LDMC —0.214 —0.904 0. 344 —0. 203 7 0.981
4 f% 1.CC 0. 885 0.211 —0.290 0.229 3 0.913
42 LNC —0. 820 0.482 0. 287 —0.061 6 0. 988
18]
1% 4 4 LPC 0.584 0.228 0.774 0.311 1 0.993
Interdune
lowland AEBEE N P —0.890 0.122 —0.430 —0. 262 8 0.992
- F E B[R] 7 6 C 0.765 —0. 447 —0.156 0. 074 5 0. 810
F#E(H Eigenvalue 3.622 2.692 1.175
Tik % Contribution rate/ % 45,277 33.651 14.692
E S0 iy gz &
Cumulative contribution rate/ % 45.277 78.928 93.620
5 K& LWC 0.709 0.621 0.261 0. 350 1 0.956
LA SLA —0.925 0.036 0.357 —0.196 7 0. 984
T BT i LDMC —0.883 —0.162 —0.318 —0.313 8 0. 906
45k L.CC 0.908 —0.108 —0.403 0.171 4 0.999
N 4% LNC _
W3 42 & LNC 0.957 0.120 0.003 0.236 3 0.929
QI\ N
/\M’i M4 LPC 0.658 —0.683 0.288 0.080 6 0.983
ctive
;fl’;l‘i MBI N P 0.022 0. 849 —0.526 0.106 5 0.998
R E B A 8 C 0.113 0.843 0. 444 0.257 2 0. 920
¥R {H Eigenvalue 4.322 2.336 1.017
Tk % Contribution rate/ % 54.020 29. 205 12. 710
LS Wi 0 oor -
Cumulative contribution rate/ % 54.020 83.225 95.935
z6 ARAEEBETERTHESRS
Table 6 Differences of soil factors in different habitats
ay e K LR 2 AP L pH i
Sites Habitats SMC/ % SOM/ % STN/ % by SEC/i:S pH value
[mg/(100 g)]
R F ] 5 4 1.22940.51Aa  0.223-£0.050Aa  0.01140.003Aab  0.648+0.099Aa  397.972-13. 14Aa 8.43340.20Ab
3 S Interdune lowland
Observation
2 h b
tower 3 Acli"v'ﬁflﬁune 0.364+0.03Aa  0.15040.012Aa  0.003+0.001Ab  0.384=0.139Aa  164.000413.21Aa 8.928=+0.05Aa
L %'Mf”ﬁl g 0.609F0.17Aa  0.21240.013Aa  0.016+0.005Aa  0.659+0. 184Aa  209.083+5. 11Aa  8.742+0. 17Aab
XXSI% nterdune lowlan
Shuangdunzi WA R
L BT E 0.51540.10Aa  0.15140.026Aa  0.00540.001Ab  0.256+0.101Aa  129.250+7.88Aa 8.99340.04Aa

Active sand dune

AR KRS PRk F R b 2 1) 25 53 3 (P <C0. 05) , RIA/NG il Fm AR BT 2 1) 25 5% i 35 (P <C0. 05)

Note: Different uppercase letters indicate significant differences between sites (P<C0. 05), while different lowercase letters indicate significant differences

between habitats (P<20.05).

2.4

DI EMIREERETERTFHXE
3 7 A A, V% LDMC.LPC.N : P.8"C
543N 2 A SR R (P <C0. 05) , i H Al 45

#r LWC,SLA . LCC.LNC 5 HAM LR R E (P>
0.05), ZAMIHFHT R, P2 LDMC 5 SAP
Z 0] 53 IE A 56 (P <<0. 05) ; LPC Ffi% SEC #7}Hi5
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53N 092 8 mH 5 FE b, STN (45 HE Ak 8119
FE(1. 054) KT 8 pH A 5 i 1k [l 15 R %L
(0. 710) . 3X KB 8" C Ay FE N T STN, HK

=1 pH 1.

£l W 5 I ol ol [T 6 S R R T A o 3
PEF s R A Tr) A R 52 g v 453 2 - o) i PR
A S Fr s v P D R AR G 2 RN
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Table 7 Stepwise regression analyses between leaf functional traits and soil factors

w3y g AR Bl )4 J5 i v Ak Il 15 22 % HH I R H
Leaf functional Stepwise regression Standardized regression Correlation P
traits equations coefficient coefficient
I+ 4 Ji & 1 LDMC m i pme = 2. 457m gpp +25. 656 Bgap=0.592 0.592 0.042
4% & 5 LPC mype="—0.001Cgg-+1. 231 Bgpe=—0.606 0. 606 0.037
&M N P Ly, p=3.444m gy +15.452 Bgye=0.626 0.626 0.029
R E R 81 C 37 C=52.365mgpy 0. 809Dy —21. 936 Bgpy=1.054,B,1=0.710 0. 873 0. 003

313 ®

3.1 I IRAEM IhAE R X A BT L A9 T RY

Hb IR 38 2 7K 43 | 3% 43 A DR Y 14 T R] 42 5 R
M A L R i A T e R IR DL B 4 )
FRPESY . R T BE IR 4 A8 S e A B B AR S
RPORHEIE 30 %65 A58 v, v 5 A o R
RIS SIE N TE 2. 39% ~24. 94% Z 1], 5 LR
WFFE 4 BARIR], Horh SLA 48 3 R ¥R K, 87 C A8
FEE/N X TRE S R T RS NI RSP
ATy Rg MR 9 T IEMEEN A DG, SLA B RS
& FE )X G5 Bk 1) 3K BURE 7 [R) R S i i ) R
BiK RS E R . ARG L U A A SLA
FE B (5 5 3h U B 2 R AR B 2 ) B b B 25
S (P<C0.01) X FE R F I, f MK 4 G
B (R 6), 2 hn SRR L HOK R B S Y L E
KAy 38 L AE K R AR T R 43 3 ad P AR SLA kst
PRATG 7% 1 0%, DT 6k 20 7K 43 Bk SR #K B A0 5+ 2
IS EAE A .

MR CONLP & S H A BB % 2 WL 9 8
TP IR B W W BE 1 D R 3R A BR AR R AR
e, R B BUH TV P RIS S 40 A A RS AL Z T
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