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Plant Functional Traits and Their Driving Factors
of Desertification Grassland in Northwest Sichuan

JIANG Chengyi' , MA Mingdong®" ., XIAO Jiujin'
(1 College of Tourism Management, Sichuan Agricultural University, Chengdu 611830, China; 2 College of Landscape Architec-
ture, Sichuan Agricultural University,Chengdu 611830, China)

Abstract: Plant functional traits, defined as morpho-physio-phenological traits which impact fitness indi-
rectly via their effects on plant growth, reproduction and survival, which have been a hot topic of ecologi-
cal and plant research in recent years. To elucidate the driving factors behind plant functional traits, espe-
cially in desertification grassland., we explored how variation in topography and soil characteristics affected
plant functional traits in different desertification grassland including non-desertification grassland, light-

desertification grassland, middle-desertification grassland and heavy-desertification grassland in Northwest
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Sichuan. The results showed that: (1) plant community succession presented the pattern of “hygrophyte-
mesophyte-xerophyte” with the aggravation of desertification degree. (2) The plant height and coverage
decreased with the aggravation of desertification degree, and species richness and dominant species changed
greatly. Moreover, leaf thickness (LLT), specific leaf area (SLA), leaf density (LLD), specific root length
(SRL), root density (RD), leaf nitrogen (LN), leaf phosphorus (LP), root nitrogen (RN), root phos-
phorus (RP) decreased with the aggravation of desertification degree. (3) Non-desertification grassland
had the highest plant functional traits with the higher efficiency of resource utilization. SLLA had the higher
variation (250.53), and LT had the lower variation (9. 56), while RD, SLA, RN, RP, LD had the larger
variation, then LT had a higher plant functional traits conservation. (4) RN had a strong correlation with
plant functional traits, and SLA had a negative correlation with LD and positive correlation with RN. SRL
had a significantly negative correlation with LN (P<C0. 01), and negative correlation with RN (P<Z0. 05).
(5) Stepwise regression analysis showed that plant functional traits had strong correlations with soil fac-
tors, which we can determine plant functional traits by soil factors. (6) Based on the grey correlation de-
gree analysis, we can conclude that elevation was the most influential topographic factor on SLA, SRL,
RD, LN, RP; while LT, LD, RN was affected by slope aspect; and LP was affected by slope position.

Redundancy analysis showed that elevation and soil pH were the main driving factors to affect plant func-

tional traits.

Key words: grassland; desertification; plant functional traits; driving factors
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Table 1 Plots characteristics of different desertification levels

3t R 1) e Wi i Slope T R AIE B A1
Plot Elevation/m  Exposure Gradient/’ position Community characteristic Environment
3 498 2 10 2
ESUE A ) AR 05X LL LR EAE 32 em R RS BN TR, AN TN
Non-desertification 3472 6 9 2 Average coverage is more than 95% . Soil layer is thick and dry with little
grassland and average height is 32 cm human disturbance
3 468 5 6 1
3 456 3 8 3
[ RURIATS 1) S 6520 LL LB R AE 25 em b R ECE BN TR AE AR
Light-desertification 3 467 6 6 2 Average coverage is more than 65% . Soil layer is thick and dry with
grassland and average height is 25 cm little grazing
3 408 7 9 2
3421 2 13 1
AU AN R 30X DL E LR EAE 20 em BRRLM E L TR LA BUE K
Middle-desertification 3426 5 11 1 Average coverage is more than 30% . Soil layer is dry and sandy with heavy
grassland and average height is 20 cm grazing and rodent types
3 450 4 5 3
3106 ! § ¢ BB % T L B R Ak T 4
E U AR ) TG 1026, P T AL 12 om Eoarmn I
Heavy-desertification 3427 3 7 3 Average coverage is less than 10% . S‘.’l).‘_xlﬁ d sand ith he |
grassland and average height is 12 cm otl 1s dry and sandy with heavy hu-
3431 6 9 1 man disturbance and grazing

W 1o BT 20 s 5 3. T B AT 5 38 1m0 FE LR A6 8 7 1) £ JBE 3R s AR ZR R 1 (0°) B 457 0 — A5 AR ALY Fl 7 0— 8 Z 1A B+
K, FR i 120
Note:1. Upper slope; 2. Middle slope; 3. Lower slope; The slope direction is represented by the clockwise rotation angle (Start with east

which set as 0°), and 45° represents a grade. which changes from 0 to 8. The greater of the number, the drier of the soil
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Table 2 The dominant species of community important value in different grassland

ESLE A ) A BE UL o RE Vb Ak R DR
Non-desertification grassland Light-desertification grassland Middle-desertification grassland Heavy-desertification grassland
" el " i3] . i3] . G
iﬁjﬂ:z s Importance %WZ 28 Importance %ﬁjz i Importance #/jﬁléf. i Importance
Species value Species value Species value Species value
SR - WA - 4 i Y. 3 . i
Poa annua 0.159 Anaphalis flavescens 0.079 Ajania tenui folia 0.123 Leymus secalinus 0.169
e e DY Il - AN A .
Kobresia capilli folia 0.081 Kobresia capilli folia 0.068 Kobresia setchwanensis 0.085 Ajania tenui folia 0.103
RS oo IR ] AL
Ranunculus tanguticus 0. 072 Stellera chamaejasme 0.065 Bupleurum chinense 0. 062 Oz ytropis ochrocephala 0.083
BRAF S FF - TR - 46
Polygonum vivi parum 0.070 Festuca ovina 0.052 Stellera chamaejasme 0.051 Bupleurum chinense 0.036
Z b 3¢ po BB - L - EZ &y 3
Potentilla chinensis 0.049 Elymus dahuricus. 0.051 Deschampsia caespitosa 0.050 Astragalus polycladus 0.031
% e - s g
T - HkE ) ANIS SN
Sium suave 0.035 Pedicularis croizatiana 0.041 Sedum altissimum 0.043
AL P 1] o
2
Trollius chinensis 0.032 Kobresia setchwanensis 0.032 Kobresia humilis 0.032
F or ALK EZ 84
9 { 5
Festuca ovina 0.0125 Sedum altissimum 0.027 Astragalus polycladus 0.015
W EMF Anemone rivularis 0.021
Pl 5 Elymus dahuricus 0.017
pr N Thalic -
L AN B Thalictrum al 0.015

pinum
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Table 3 Descriptive statistics of community weighted mean functional trait values
A v o o o - .

L NES I (A O VA Range P OBRRECOV/Y
LT/mm 180 0.13 0.48 0.23 0. 35 95. 36 9.56
SLA/(em? « g 1) 180 31. 26 281.79 142.01 250.53 123.65 36. 25
LD/(g+ cm™?) 180 0. 26 3.58 1.96 3.32 85. 14 31.02
SRL/(m =+ g 1) 180 1.03 24.59 14. 96 23.56 73.02 28.51
RD/(g e« cm %) 180 0.09 0.92 0.56 0.83 101. 47 42.96
LN/(mg-+g 1) 180 10. 98 36.47 24. 89 25.49 95. 36 19. 84
LP/(mg-g b 180 0.42 5.13 3.02 4.71 263.51 24.03
RN/(mg-+g™ 1) 180 0.98 16. 58 9.25 15.6 56. 14 35.72
RP/(mg+g 1) 180 0. 31 4,47 2.17 4.16 99. 46 32.41

LT, 0 JEEE s SLAL it AR LD, i 20 2U% B2 5 SRL. HARK s RD. ARA1 1% i s LN. b & & & LP. b 8% 7 & RN AR A & & 5 RP. AR 8

. T

Note: LT. Leaf thickness; SLA. Specific leaf area; LD. Leaf density; SRL. Specific root length; RD. Root density; LN. Leaf nitrogen; LP.

Leaf phosphorus; RN. Root nitrogen; RP. Root phosphorus. The same as below
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Plant functional traits in different desertification grasslands
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Table 4 Relationships among plant functional traits

LT SLA LD RD LN LP RN
SLA 0.009
LD —0.526 % * —0.647 % *
SRL —0.621 % = —0.003 0.069
RD 0.423 % —0.147 0.012 0.068
LN 0.036 0.016 —0.095 —0.198 —0.126
LP 0.018 —0.016 —0.078 0.041 —0. 369 * 0.698 x *
RN( —0.124 —0.087 0.123 —0.523 % * —0.085 —0.025 —0.325 %
RP —0.087 —0.192 0.095 —0.499 % * —0.098 —0.106 —0.298 % 0.623 % *

H.x x. P<<0.01, x.P<{0.05

RS EYHEMEKSIERTFZEEXEESEESHR

Table 5 Stepwise regression analyses between leaf functional traits and soil factors

AR Trait % [ J5 #2 Stepwise regression equations 2 FH & 280 Multiple R P
LT LT=0.156 SWC+3. 545 0.756 0. 004
SLA SLA=0.236 SWC+10. 361 0. 892 0.006
LD LD=0.098 SWC—5. 036 pH+5.025 0.741 0.003
SRL SRL=32.169 SWC—15.037 0.698 0. 000
RD RD=0. 259 TN-+9. 023 0. 789 0.001
LN LN=0.369 TN+0.639 SWC+2. 141 0. 802 0.001
LP LP=0.089 TP+0. 623 pH+5. 160 0. 756 0. 000
RN RN=0.569 TN+32. 652 0.781 0.003
RP RP=0.156 TP+3. 265 SWC—5.017 0. 699 0.002

T SWC. + 58K & pH. +3% pH {; TN, L34 % TP, 540

Note: SWC. Soil water content; pH. pH value; TN. Total nitrogen; TP. Total phosphorus

RS AL T BB 7E 69, 58~214. 35 em® « g ' Z ], A A
U AR 1l AR A L T RR 22 S B e 3 (P <C0. 05) 5 it
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19.87 m+ g 'Z 0] ,NG 3 5 F H AL &1 (P
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HG %% A W3 (P>>0.05) ; M4 & & 48 1k 3 Bl 78
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YA & &2 5 3 (P<<0.05); M & 21k

TLHTE 1.05—2.62 mg « g ' Z A, LR ER I NG
>LG>MG>HG, H it NG g 2 & T H A 7 1k &
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ARAAHSE (P=>0. 05) , 3R I A [6) V0 {1k B b AE 4 1
e AL B R B BN oA R . e
T AR 21 20 B A R S Y B A D6 (P<<0. 0D,
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Table 6

Grey relational grade analysis between

functional traits and topographic factors

PEAR 273 I 1w I A
Trait  Elevation/m  Exposure Gradient/®  Slope position
LT 0.614 0.623 0.514 0.589
SLA 0.792 0.563 0. 685 0.698
LD 0. 648 0.741 0.713 0.692
SRL 0. 504 0.325 0.442 0.401
RD 0.756 0.752 0.739 0.667
LN 0.482 0. 369 0.413 0. 441
LP 0.774 0.769 0.789 0. 842
RN 0. 569 0.698 0.563 0.655
RP 0.514 0.412 0.437 0. 384
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Fig. 2 Redundancy analysis showing the relationship
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