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Abstract: Plant functional traits, defined as morpho-physio-phenological traits, reflect the responses and adaptations of
plants to the environment, and function as a bridge between the plant and factors of its environment. Varying leaf functional
traits is an important strategy used by plants when adapting to changes in environmental gradient. Research on the
relationship between shrub leaf functional traits and soil environmental factors in sloped ( shady-sunny) gradients indicate
that plants are able to respond and adapt to changes in the nature of spatial patterns at the levels of landscapes and

microhabitats. In the present study, we explored how shrub leaf functional traits responded to soil environmental factors, and
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examined the correlation between changes in this relationship and slope gradient in the Karst hills of Guilin. Experiments
were carried out at 24 sampling points with gradients sloping from the middle area of the hills to the foot of the hills ( shady-
sunny ) . In total, 24 plots (10 m x 10 m) were sampled. Individuals of shrub species with stem base diameter (SBD) = 1
cm were identified, and the functional traits of these plants and the soil environmental factors of each plot were measured.
We then carried out non-parametric Wilcoxon signed rank tests to assess differences in three shrub leaf functional traits
(specific leaf area, SLA; leaf dry matter content, LDMC; and leaf thickness, LT) and in eight soil environmental factors
(soil water content, SWC; soil temperature, Tem; pH; total organic carbon, TOC; soil organic matter, SOM; total
nitrogen, TN; available nitrogen, AN; and total phosphorus, TP) along the slope gradient. Based on the results of this
analysis, we used multiple stepwise regression analyses to determine the primary soil factors controlling variation in shrub
leaf functional traits at the community level in relation to slope gradient. We observed that SLA in shady areas of the slope
was greater than that in sunny areas of the slope, whereas LDMC and LT were higher in sunny areas of the slope. SWC,
SOM, TOC and AN were higher in the shady areas of the slope, whereas Tem and TN were higher in sunny areas. Multiple
regression analyses of leaf functional traits and soil factors indicated that, in shady areas of the slope, SLA was affected by
AN, and that LDMC was primarily affected by Tem and TOC; however, there was no significant relationship between LT
and soil environmental factors. In sunny areas of the slope, SWC and pH were the primary drivers of variation in SLA,
whereas LDMC was affected primarily by TN. However, LT was affected by a combination of Tem, TN and TP. These results
indicate that in different areas of the slope gradient ( shady-sunny), the same leaf functional traits respond to different

environmental factors, enabling adaptation to specific environmental conditions.

Key Words: slope gradient; soil environmental factors; plant leaf functional traits; Karst hills
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Table 1 Basic situation of habitat in different sampling sites

FE 25 Hb IR . B 1wy i |
Sample No Geographic position Numb?r of Density/ Rock exposed Slope aspect Community type
species (#/hm?) rate/ %

P, 25°04'02.38"N 110°13'40.00"E 16 83 15 5573 HORE
P, 25°04'02.39"N 110°13'40.78"E 11 161 40 55873 L1 LLRRAT R %
Py 25°04'02.61"N 110°13'37.63"E 17 139 5 [EEs3 LLBRATHEY
P, 25°04'02.55"N 110°13'37.98"E 20 117 7 55873 LLUBRAF Y %
Py 25°03'43.86"N 110°12’05.12"E 26 187 10 B3 LLUBRATHEV
P, 25°03'43.88"N 110°12'05.11"E 26 154 20 55873 eSS
P, 25°03'43.47"N 110°12'05.07"E 22 111 20 4% HE AR5
Py 25°0343.68"N 110°12'06.20"E 24 113 30 13 HEA TRV
Py 25°04'02.74"N 110°13'41.17"E 14 145 45 55873 L1 LLRRFFHE 7%
P 25°04'00.34"N 110°13'41.25"F, 23 111 5 13 eSS
Py, 25°04'00.24"N 110°13'40.80"E 15 188 2 55873 EX
P, 25°04'02.59"N 110°13'38.22"F, 21 146 6 13 ESi
Py 25°04'00.25"N 110°13'40.16"E 14 87 3 PR3k - ¥ N
Py, 25°04'00.54"N 110°13’40.24"E 18 122 8 FH3k LLURRFFHE %
Ps 25°04'00.23"N 110°13'40.31"E 17 106 3 23 LLUBRAF Y %
Ps 25°04'01.14"N 110°13'40.64"F, 22 140 30 A3 N =ACE 2
P, 25°03'35.59"N 110°12'07.91"E 23 116 35 PR3k - YN
P 25°0335.20"N 110°12'08.21"E 19 101 6 FH 3% HEAT %
Py 25°03'35.32"N 110°12'08.86"E 22 116 10 P 3 HEA RV
Py 25°03'35.25"N 110°12'08.87"E 20 117 25 P 3% T REVE
P, 25°03'35.64"N 110°12'08.45"E 23 127 30 PR3k MR %
Py 25°03'35.34"N 110°12'08.69"E 20 109 40 FF 3% HEAT
L 25°03'44.21"N 110°12'05.26"E 25 116 18 FH3k MR %
Py, 25°03'44.25"N 110°12'05.50"E 19 96 30 FF 3% HEAT
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Fig.1 Soil physical and chemical properties of different sampling sites
SWC: LHEE 7K soil water content; Tem: £ soil temperature; pH : FRHHE power of hydrogen; SOM: F L soil organic matter; TN: 2% total
nitrogen ; AN : A5 2% available nitrogen; TOC : &4 HLiK total organic carbon; TP ;4= total phosphorus
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Fig.2 Functional traits of plant communities in different aspects
CWM_SLA ; V& K- e M T L Community-weighted mean specific leaf area; CWM_LDMC ; £ 74 7K -4 Jfi & f Community-weighted mean
leaf dry matter content; CWM_LT : ¥4 /K- H R Community-weighted mean leaf thickness
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Table 2 Linear regression model of plant functional traits and environmental factors

I 11 Slope aspect PR Trait LR VERIAY Linear regression model AlC R? P
753 SLA y=0.4715-1.5480AN -23 0.95 0.048
Shady slope LDMC y=1.14643+2.21323Tem+1.03514TOC -31 0.98 0.043
LT y=-0.7685+0.9703SWC+1.0644 AN -8 0.74 0.072
[ SLA y=-0.6102-0.7358SWC+1.6866pH -31 0.96 0.0051
Sunny slope LDMC y=1.4875-1.5327TN -3 0.55 0.0472
LT y=-1.3056+1.6645Tem+1.5605TN- 1.2134TP -31 0.98 0.0334

R: 7RI 15 BMEN Akaike information criterion; R* ; ¥ 5 R % R Square; SLA : LM T £ Specific leaf area; LDMC: M T 4% & H Leaf dry matter
content; LT ' F'JE & Leaf thickness; AN ; 2% Available nitrogen ; Tem : i Soil temperature ; TOC ; 1A HLEK Total organic carbon; SWC ; £ 3 #& 7k

2 Soil water content; pH ; FRBREE power of hydrogen; TN : 4% Total nitrogen; TP ; 4=} Total phosphorus

3 it

3.1 SIS S B4 0

T A R B DU ORI T H B AR B , PRI DR 706 H AR K 7 A TR Z A 52 ) 3 2 — Tl ] 4%
VEHT, 2 R PR 138 2o S i A — 28 A 25 P i/ R A B 1 S e S i BRSO T B3 , i - 98 7
JRE BRI T 9330, 36 55500 8 5 4% 0k ey 8 ) T 33 - fﬁiﬁﬂfﬂ‘gfiﬂf‘l¥%ﬁ& 5 LA Y ey i
I SC RWESE R S KR 5 S R BT B3 SO DG A 48—, 938 - R 9855 K e A R Ak RT RE 2 Hh B
BB 110 8 2 S5 i P 2 iﬁ%ﬁ*ﬂj\\uﬁﬂﬁﬁéﬁﬁxﬁl/ﬁﬁimiﬁfﬁimTﬁﬁjﬁ(IEI 1), RWASEAH
XA e B - SRR AT R SR ) o PR T K B SR A AR A3 A B B R | TR S A A AR

http ; //www.ecologica.cn



51 T SRR A L E A Dl RE AR S8 DA 5 X 3 1 4 e 7

Fmsi i AR A LU RGE R AN R o) L S LR R B E 22 R . RS XD
FE L AR ST 4 1T RURE E 48 A LB S A W 5T WA DL & 1k 5 R 3K r B i R IEAR R OC R Y sk
23 AR 1A PR 0 B i R AV D RE AR MR M E A I, 4 2R SR < BH XA ™ H, HAE T 2K
BT R A Y I A B X SR T ARV AR S R OK A 3Ry KRR A
M B2 10 R PR S [ e, 5 PR E IR i ) T 7 LD B KA K ks g, -3
FeoPMELLE A TN Z A T A USRS A D IR TN AR AR KD, R HER AR T B
FASE L SEA HLBE A LR AT AR i B I T B, X S AR A R — B, RS - B iy - 3 5% 7%
FEA 22 EAN R G B IR MSORT I 1 AL AR 25 D9 % 20 B AR X A SR AR R AR A BRI A 3
RS Sh
3.2 HEY DI RE AR I 1 fy

1o Sl I I R, SR T TR 2 1 R B AR SR F I X e £ 0 1) 0l B R
VIR FUMIDE , 5 4 Sk 22 ) 22 (ORI DT i 0 AR 308 o ' FRE Yk 32 B 7K 6 A 25 TR 1 - 43 T 1]
PR MAE B R o NBH I S B3 ) AR A e A b BB R 28 1 0 35 A8 A, BRI AY 337 5 i ADK
oy AR OB, IR AT , M P S He T AR EL A/ N X EE TR BB A B SR TE AL, R e i i AR
R ER TS Lo T RS A P AR BBOCRI A e DR RE 7, S5 AL I A A 0 SR B DD B R . 3l I
DUT, He P T AR g AOAEL ), i R B Gl AR I R e T G T BRI A AL, ik ) DR 23 T g A
TURRE TR R BRI T AR/ N i 2 T LR 2 S B A I AR R e M K e 3R T
e, BB 3555 3 B DA BHSBR E & MR TT BEAE /K ) 25 A3 IR 1 M e A e g A R AR
FE I AN, R ) T AR AR o3 80 (Y PR A5 P A A7 7K 43 A i 1 I e s e i Bl 4 1 O TR
R B T AR E 7R 7B R SR LUK, 0 o 5 A ) A 25 A W 5T b B 1 R 1A, AT ARG
Te /R I 5P TR ORI RE S P 2 S | T O e 1) HA RO P R R T A BN R R[] 3R
S5 04 P30 2 B R TRRI A 0k IC SRS 2055 o 5 it R RS T2 L0 e 2 e 7 SR e R -5 39 1 1) ) 5 2R 40
FEARW] G 0 R B0 BH3B F AN T B ok i i AR ) i 49 RO 383, B BH 3 1) b K A, Eofl
K BRI, AR T BE 2R A i BB AU RS S A Ak, T EL IR Pk ) W 0 R 2 A S e, A
AT HOEEARE T3 DG A SRR EURE S B R AL T 0 ek (i ot A K 43 i ok 3 1T 7 I B
B EBE B, R ARATL P9 /K A3 07 DR B P e R 8 o8 1 T 5 5 i, 3 AT BB A v U BB I
HEE . PHBOCIRFER ALY R T3 ok 43 K e gk R T AR 0 4 SRR AR R R A R R 1R L B
TETR I3 FIFRI OB BR A 25 1F T A 4 23 30 98 5 22 9 10 T P T 07 T s ok o) 490 3 8, O U2 T /0 ) it
R0 B TR AR T BB 17 3 K e T PE B, R A ¥ 7K B IR A T 2 N A BRI R, AT R T
MRS AW FEREZ IR R R A | ISR B M BRBE, vR RAS BR A AR AR B 2 1 IR
GEIRAEAZ B T K o325 D1 (R BR A i LS 3 5 T 0008 o 240 M s T A S S K PR A 1 R 0 T A i A RR
K H S, At 1 ARG DA PR BOR B R TR (L) o i L 38 i 9466 B2 A8 A2 i i
0 AR T D REPR IR 22 S i B A
33 YRR N TR R

TSRO R R R DR E AR A BEIR A SREm T o, e e M R v D RE PR A R SR AR RS R AN [
3 ) R () SR s L S e R N B PR S LA e R R O Y RS T AL T T R IR
dnte AR i A R RS R R SRR A AL MR e A R (Y38 e B AR 8
A RFMMICR . R 2 BoR EMYE L X e i m R AR 255 4 e A SO i T RE R A AR
S R A AR ELBISOK Ay FE R 7K it SR A AR A B 55 | BB A iy - e 5%
S AP RS B BGE , R A BOR PR RE R LR T A BRI X L e AR
PR SRR Y R KRR pH, JE R RO A A 1L IO LA S MDA BB A K 0 32 K 0 78

http ; //www.ecologica.cn



8 S % 38 &

R AEH K G 3T K B U Z A A A 2> B85 S 2 (0 S 1 By TL s o v P AR 2 T T
o iE E BRI R IR TR IR A RE ) 1 ZERIE L RIS R 14 S e TR
TR PR S, X T BB H K PR EEIE A M T LA LY i, Dk, R B o T SRk AR
WOREUR A i BB T LUK G A, R S e Re 0 T B b 0 i1 4 i
PR R B I S Al BRI P A A L B XA RIOK 3 R P, I AR v A L
A FIAEFRICRAMELU R G, RS IR U8 RV A 0 SRR A X AR A R
TR Z (Y EREE eh R B0 S S ] T A0 R A oA ) RE AR e b 35 107 B0 O R A P |
Xt I PR 7 A 2 R MR (R PR P R MR | e S M R e ] BE R A TR R A
KK e EE ARG R 7 A 0B 2 i B T MR 43 N R A9 B SR D 1) sl 2P, 1 e 2t
i BRI AR AT TR IREE v T RER U S 0 B SR pe deme | BLAE PR L R HOREE f s, S 80t
HOK AP KRR R T BRI AR S B A2 I A A e R R 1 et JRE AT 42
I K G T P ST B B R R 2 R T D R R A I 4 - B R 1 A2 B T PR35
DR~ B [ B2 e A ) A 05 7 A — i )3 BT

4 it

R b Xt A LA T 33 ) A B8 (IS = B8 ) 2R 35 v i SR BE MR R 1 PR (X AT R 5, 2R s
AR A BRSBER T B , it~y Jo 5 e A 5 82 DA BH R T 3, e W BASBOK AR A R, AT (2 2 17 i AR
MY R, ISR AU B LA S i A RS O BSOS, R A A P 3
R B3, WA A L DX B ) L S DR L 2 T, B L BT URAR o RUAE AS [RDge )  E - S 5
oy AN (EAR A i D BE DR R DA ] 14 A A7 5 W A3 Rz 394 1) B 58 (B - BHSBE) Aol A 5, 487 1 I Ufe A
SN S AT LLABL R T S REE AR B R2 0, SRy e [ V4 19 25 V8 A 1L DA e o s S D O M A 25 R e IR 55 DT REAT
IR E RS

5% 30k ( References) ;

[ 1] Violle C, Navas M L, Vile D, Kazakou E, Fortunel C, Hummel I, Garnier E. Let the concept of trait be functional! Oikos, 2007, 116(5) :
882-892.

[ 2] Cornelissen J H C, Lavorel S, Garnier E, Difaz S, Buchmann N, Gurvich D E, Reich P B, Steege H T, Morgan H D,van der Heijden M G A,
Pausas J G, Poorter H. A handbook of protocols for standardised and easy measurement of plant functional traits worldwide. Australian Journal of
Botany, 2003, 51(4) : 335-380.

[ 3] Taylor S H, Franks P J, Hulme S P, Spriggs E, Christin P A, Edwards E J, Woodward F I, Oshorne C P. Photosynthetic pathway and ecological
adaptation explain stomatal trait diversity amongst grasses. New Phytologist, 2012, 193(2) . 387-396.

[ 4] BR3C, EASL, DECH, FRE, XU, skuilh, BReeik. B2 89 Fivi ULAEY) M DI RE MR AL S AR E. 2R354 203K, 2016, 35(8) : 2101-2109.

[5] W&y, B4R, Py, SEER, F5%, @R, KARHEYZET D) Re R KRG R BEH B R R e R, A% 20, 2012, 31(3):
702-713.

[ 6] Donovan L A, Maherali H, Caruso C M, Huber H, de Kroon H. The evolution of the worldwide leaf economics spectrum. Trends in Ecology &
Evolution, 2011, 26(2) : 88-95.

(7] k&0, B, EREM. SETASRATA) DI RE MR AL SR R AT, AR5 4R, 2013, 33(20) : 6543-6552.

[ 8] XI&IF, B, Lee D K. BURIL U MR ALK 2T R R T OCR . AR #IRE, 2006, 25(8) : 921-925.

(9] JERK, Ze/hvie, #2ss, XN, B BRI R S R AR ) RUBEAS S5 B STk, Hh 9095, 2016, 36(1) : 20-26.

[10]  Zokfe, R, 55y, MBI, R, HiEE. FilRE R ER b 17 fESHEY MR T 0 AL AR5, 2005, 25(5) @ 994-999.
[11] Christianson M L, Niklas K J. Patterns of diversity in leaves from canopies of Ginkgo biloba are revealed using Specific Leaf Area as a morphological

character. American Journal of Botany, 2011, 98(7) : 1068-1076.

[12] Du H, Peng W X, Song T Q, Zeng F P, Wang K L, Song M, Zhang H. Spatial pattern of woody plants and their environmental interpretation in
the karst forest of southwest China. Plant Biosystems, 2015, 149(1) . 121-130.

[13] LiuCC, LiuY G, Guo K, Zhao H W, Qiao X G, Wang S J, Zhang L, Cai X L. Mixing litter from deciduous and evergreen trees enhances
decomposition in a subtropical karst forest in southwestern China. Soil Biology and Biochemistry, 2016, 101 44-54.

[14] Jiang Y, Zang R G, Lu X H, Huang Y F, Ding Y, Liu W D, Long W X, Zhang J] Y, Zhang Z D. Effects of soil and microclimatic conditions on

http ; //www.ecologica.cn



5

T SRR A L E A Dl RE AR S8 DA 5 X 3 1 4 e 9

[15]

[16
[17
[18
[19
[20

[21]
[22]

[23]

[47]
[48]
[49]

[50]
[51]
[52]

the community-level plant functional traits across different tropical forest types. Plant and Soil, 2015, 390(1/2) : 351-367.
Jiang Y, Zang R G, Letcher S G, Ding Y, Huang Y F, Lu X H, Huang J H, Liu W D, Zhang Z D. Associations between plant composition/
diversity and the abiotic environment across six vegetation types in a biodiversity hotspot of Hainan Island, China. Plant and Soil, 2016, 403( 1/
2): 21-35.

XNEA, B, 2208, WESE. 3R B i 30 Fh 2R A HARBISY. PR IR 224 BARBL I, 2014, 39(9) : 50-55.
SR, BEA, XIEE, Tk, w5 B B TR L DR A D RE MR AR S S OGR4 SR, 2011, 35(10) : 1000- 1008.
DU kFY, B, BRis, BEA. BARSRILE WAE Y  r PR, ) REIE S BARBRRER, 2012, 30( 1) : 77-82.
SEARED, RUNTT, 2R, GRJRER, F/DWIL AR L R SR R R R S ] ] Y O R R A AR, 2015, 39(1) ¢ 23-31.
XIREE, TR, LA, mE ) B3 -BIO R E AT Rl S5 3 B AR i R R £ BT BE OGRS MR 2 4 BRI,
2013, 49(1): 76-81.

BRI, SRR, SRR, IR B LT KRR RO BT, ARk 2007, 26(8) : 1177-1181.

b, ?ﬁﬂﬂﬂ, TG, KR, DLz . MR 5P IR FTAREE A KPR SR MR 5 PRE IR A G M BB R B BEI 2 Ak B 2 4E
T, 2013, 21(3) : 278-287.

WS, AT, s, AR, BAR, TR, HON R R s A o i i 5 R T O R S T E AR AR, 2012, 28
(28): 245-249.

Bao S D. Soil Agro-Chemistry Analysis. Beijing: China Agriculture Press, 2000.

INGF, Bk, BRI, MO, BINE, ICOT. ANFARERRIBEAR L PR A 2 T R RS R SR OC R RS, 2016,
36(21) : 6879-6888.

VERUDR, ZRVLH, Z50ME, X4k, FEFFE A ARBE AL RS I 335 40 s, 4, 2013, 45(4) : 604-609.

FAVETE, AJWBH, XUHELT. 1 L AR [R]380R B B L v AR B HS2 M PR 7. A28 2741, 2015, 35(5) @ 1480-1487.

A, XU, Zete, W, BaW, BT AR L ARG S RS SR B . T EVE, 2016, 36(3) : 741-748.

KRow, T2, BB, B B K30 8 L R S DI RE SRR IR, A= Z554k, 2016, 36(21) : 6823-6833.

Wi, SR, R, BEELE SRR Bk B KRB R T AR RS LK O B IR R R AT BOHLEAR, 2016, 24(4)
776-782.

BEEAR, RERET, RN, XIVE. SHONE TR B AL DA A R P 5 R AV B ARSI, 2015, 35(2) ; 434-448.

KSR, EhEEAH. H g iR 2 R ) D) RE AR AN S PR X e M B R AR AR 2T, 2012, 23(12) ¢ 3295-3300.

i, EAME, AR, B, S VTR B S AR PR T 7K R S 30 1 o [0 B 28 B % 43 A . AEZS AR, 2017, 37(3) ¢ 750-759.
TR, XUHAZL. 2R L DA [R) BT - DR PER L. AR 2527 4T, 2009, 29(7) » 3692 -3703.

XIRE, . BB YT R AR FREE A A AR AL AE. K AR FFRFSE, 2013, 20(1) : 102-106.

HURTE, 0B, XL, KAWL FE R B BOARMA A D R MR B I S HIE DA IR I SC 3R AR %4H, 2014, 34(20) : 5915-5924.
sk, TR, Wik s, i, MR mfzﬁﬁwrwxﬁﬁ/wwuw AR, 2016, 36(9) ; 2669-2676.

Wi, XUFHME, REEZE, BEFSH, KET, X, B AR LM IKIIRBRT RS0 HE 7R, £5%a0E, 2015, 34(8)
2131-3139.

ma, R, Eade, iR, TER, RE. BRI AR M bR 50 G M K AN R OE BRI R B AR A AR AR
2015, 34(9) : 2424-2431.
R, BREE, /NN, GEIREE, DN, SKPE. RIS SRR AP W R AR AR, 2013, 32(12) : 3145-3151.
LR T, 5?56;’163 FHE. %T‘ﬂsﬁla‘mﬁ/l\ﬂfréw%ﬂﬁﬁﬁﬂf‘ﬂm“ﬁwm FEILAREE B, 2014, 29(2) ; 243-247.
RBGE, TRH %, 5k7%, ZEifil. 34 B i B DO [ AR X e A A 2T R R AE. AR 3824, 2013, 33(15) : 4674-4682.
Jﬁm%& RUIEER HEJ%T LPFIT'@??”’”EE%E(M&E%Q&LPi%Eﬂ:&FH’JHW“ A AR, 2013,33(19) : 6303-6313.

XD, ARG, SRR, XU, E, FRE. BT BRAOR O B BUR Y 5 LR N P ik AR, A AR,
2010, 34(1): 64-71.
KRPEH, Wilh, JTRae, skBEE, AW, BANE, H4E. BRI ER I E Y R AR, P EVE, 2015, 35
(6): 1496-1504.
Vergutz L., Manzoni S, Porporato A, Novais R F, Jackson R B. Global resorption efficiencies and concentrations of carbon and nutrients in leaves of
terrestrial plants. Ecological Monographs, 2012, 82(2) . 205-220.
XU, AR I AR A D R ) T P R AR S IR, AR ARSI, 2009, 28(3) ; 384-388.
SRI, skf, BRUERS, ZEaME, MEERE, FTOMK. Ml AL B AR SR R K A 2 A e, AR SRR, 2015, 35(19): 6326-6334.

HE, SKIRG, SOGH, Jran gk, sRAML, . B E&Ei%@k%ﬁﬁﬁﬂﬂl”ﬂ%‘)’ﬁﬂﬁf ?E?"%ﬁm%ﬂﬂ IS, 2016, 36
(16) : 5142-5149.
REV, B, TV, 258, MR 66 FhEAMY T A HREFE. 4352441, 2013, 33(1) : 79-88.
Je3C%, WO, T 5. VR B B E IR LU LR SRR L U KA A . R 2 HEHE, 2011, 19(5) + 558-566.
VAR, BOIEY, IR, L, X, KIS, Arshad A, [RUR. WL RFEARARY T K MR 2 828 5 1 Ge 145 43 0. w2
A4k, 2016, 40( 1) ; 48-59.

http ; //www.ecologica.cn



