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Abstract: In order to explore the relationship between the species diversity of shrub-grass layers and soil nutrients and
water content in plant communities at different altitude gradients in the dry-hot valley area. We selected the Jiangjiagou
watershed as the research area, which is a typical watershed of dry and hot valleys. The sample zone was set in the water-
shed at altitude of 1 400-3 000 m, and conducted a sample survey on the plant communities with eight altitude gradients
in the sample zone. We firstly counted the species composition of the shrub layer and measured soil nutrients, soil water
content and water holding capacity at different altitude gradients. Then we analyzed the soil index and vegetation diversity
index by principal component analysis and Pearson correlation analysis. The results showed that 80 species of 32 fami-
lies, 77 genera, shrub layer plants were found in plots in the watershed. The composition of plant communities, soil or-
ganic carbon (SOC) content, total phosphorus (TP) content, soil water content and water holding capacity in the shrub
layer were significantly affected by the elevation gradient ( P<0.05). Among them, soil water content, water holding ca-
pacity, plant community richness index and diversity index all increased with altitude, and the SOC content in the high
altitude area was significantly higher than that in the middle and low altitude areas (P<0.05). There were significant
positive correlations between soil TN content and Pielou index, soil water content and Margalef index, Shannon-Wiener

index and species number (P<0.05). It shows that besides the elevation gradient, soil nutrients and water content are

also the key factors affecting the composition and diversity of shrub layer and grass layer in plant communities.
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Table 1

Five species with the highest important value in shrub layer of plant communities at different altitude gradients

ik

WA E Altitude gradients

Species

C D E F G H

£ & Origanum vulgare 18.641

/% Digitaria sanguinalis 14.376 11.432

INIPIEEE Arthraxon lancifolius 11.681
4228k Hypericum monogynum 9.654
JINT RS Aster albescens 8.541
HRIFESL Anemone cathayensis 19.830
T ZEEL Agrimonia pilosa 12.480
FMEF Cyperus rotundus
PR Galium aparine

JINEZEB3E Potentilla fallens

9.736
8.692

== .. . .
F =1 Artemisia carvifolia

WP AE Fragaria vesca

9.554 9.767
13.712

8.632

17.889
11.210
12.601

= Lo
5% Coriaria sinica

15.512

KGR Leontopodium leontopodioides 12.877

LIHPES Eupatorium odoratum 8.343 13.324

Y Artemisia argyi 8.169 16.514 11.146 8.184

£ M35 Galinsoga parviflora 12.731 9.046 15.370

10 Mentha haplocalyx 7.308

§fi %% Siegesbeckia orientalis 15.353

T Sophora viciifolia 13.938

HHEEEE Geranium orientali-tibeticum

10.698

BARA XK Leucaena leucocephala 19.723 9.765

a1 J7 5 Asystasia gangetica 15.735

15 Heteropogon contortus 12.644 6.396

PEOREL Elymus dahuricus 9.404 19.974
Y

JeINZE Dactyloctenium aegyptium 11.859

T A 342 800~3 000 m; B. #3442 600~2 800 m; C. ¥4k 2 400~2 600 m; D. ¥k 2 200~2 400 m; E. ##k2 000~2 200 m; F. ¥
# 1 800~2 000 m; G. 4K 1 600~1 800 m; H. M4 1 400~1 600 m, FIF,

Note: A. alt. 2 800-3 000 m; B. alt. 2 600-2 800 m; C. alt. 2 400-2 600 m; D. alt. 2 200-2 400 m; E. alt. 2 000-2 200 m; F. alt. 1 800—
2 000 m; G. alt. 1 600-1 800 m; H. alt. 1 400—1 600 m. The same below.

DL PN 36 R e 2R W R/ (PR BRI, 2008 ), - RS AY
P Ly b 21 398 326 7 2k U Oy oL b B R B R A
Bl 2 U /b, 35 o R 55 1 b ) R Bl BRI &
T2 RS B K R AT 1 TN 2 R AT,
{BJRAEIFIR 1 400 ~1 600 m 4k 043 A 5 ) B9 380
ERAA W, HELA B [ UBE ) v i 3 TN & &= AE H

X E T, L TP & AR A [R] T 4k 06 B2 73 Al
R HABIR AR, RN E KR # & T B-
D X3 (P<0.05) 3k Al BE A o T 4 X SR 7
AR TP IR g el R o T R I
DIl R B/ BB -2, B TR e L AR R
R, R X - TP E R A,
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Table 2 Physical and chemical properties of soils at different altitude gradients

MR HEAR B T LR TIEER T AE TAKE RORFPKE HERKE

Altitude Number Soil 1 SOC TN TP SWC WHC FMC
gradient  of sample P (g k) (w,gkg')  (w, g kg') (r, %) (r, %) (r, %)
A 6 5 Ao g 42.178+ 2.468+ 1.157+ 30.905+ 49.333+ 36.746+
Dark brown soil 3.576a 0.172ac 0.052abc 2.342a 1.514a 2.212a
B 6 73 40.289+ 2.550+ 0.917+ 29.855+ 39.392+ 30.177+
Brown soil 8.548a 0.654ac 0.040ab 2.281a 3.466ab 3.090ab
C 6 AR 34317+ 1.789+ 0.845+ 31.381+ 41.757+ 34.848+
Yellow brown soil 5.004ab 0.411b 0.011b 1.408a 2.339ab 1.431ab
D 6 2145 19.124+ 1.587+ 0.848+ 16.779+ 33.265+ 20.886+
Red soil 3.996bc 0.400abc 0.034b 4.177hd 8.284ab 5.516b
E 6 Fa: 1 19.321+ 1.806+ 1.395+ 24916+ 34.507+ 30.398+
Red soil 5.557bc 0.530abc 0.317¢ 1.801ac 6.154ab 3.413b
F 6 FAR 73 23.323+ 1.285+ 1.146+ 20.373+ 31.719+ 23.507+
Red brown soil 2.653abc 0.770ab 0.099abc 3.568bc 6.079b 3.846hb
G 6 W 18.509+ 1.370+ 1.262+ 14.671+ 35.548=+ 21.891+
Yellow soil 5.714c¢ 0.361ab 0.015ac 1.823bd 5.079ab 2.327b
H 6 I 26.281+ 2.972+ 1.025+ 10.125+ 42.402+ 21.647+
Yellow soil 3.165bc 0.245¢ 0.040ab 1.557d 1.617ab 2.456h
ANOVA 48 3.508 = 2.364 3.426 * 8.821 = 1.336 3.045 =

(FA)

1E: AFEVNG FHRERIRAE 0.05 /K LR R0 B2 4 L3R 0 S i i 22 2, » ORTE 0.05 KF LR BE Mk, =+ RRTE
0.01 KF A& BHEME. T,
Note : Different lowercase letters indicate differences among soil nutrient contents at different altitude gradients at 0.05 level. * means sig-

nificant differences at 0.05 level; ** means significant differences at 0.01 level. The same below.

R3I TRBHREEEVEZNYH S HEMERE

Table 3 Species diversity characteristics of plant communities at different altitude gradients

R B — ST LR A b 51 1 46 8 31 45 2 i
Ahlt}lde Number of sample Margalef index ~ Shannon-Wiener index Pielou index Simpson index Species
gradient (R) (H) (E) (D) ($)

A 6 5.640 = 0.363a 2.532 = 0.075a 0.896 + 0.004a 0.902 + 0.006a 17.000 + 1.528a
B 6 5.329 = 0.15%a 2.439 = 0.075a 0.887 + 0.014a 0.889 + 0.011ab 15.670 + 0.667a
C 6 5.634 + 0.496a 2.495 = 0.096a 0.886 + 0.010a 0.890 + 0.005ab 17.330 + 2.082a
D 6 5.487 = 0.209a 2.487 = 0.008a 0.892 + 0.019a 0.897 + 0.004ab 16.330 + 0.882a
E 6 4.838 + 0.295b 2.399 + 0.107a 0.919 = 0.014a 0.895 + 0.014ab  13.670 = 1.202ac
F 6 4.656 + 0.579abc  2.237 + 0.207ab 0.881 = 0.018a 0.866 + 0.027abec  12.830 + 2.309abc
G 6 3.730 = 0.089¢ 2.030 + 0.037b 0.910 + 0.022a 0.842 + 0.012¢ 9.330 + 0.333b

H 6 3.992 + 0.231bc 2.080 + 0.102b 0.893 + 0.014a 0.854 + 0.021bc  10.160 = 0.882bc

ANOVA(F {H) 48 4.752 3.557 = 0.717 2.368 4.595 =

: AE/NG FRERIRTE 0.05 7K LYy 2 Bk 18 TR A TR SB0 L 1 28 S 4

Nole: Different lowercase letters indicate differences in species diversity indices of different altitude gradients at 0.05 level.

T KRR ) K R S A O AT RS SR B K R ] 4 K R i T AAORR B Y T [T
AEE N T2 — (E&HSF,2014) . AUTEH, B> YRS 2RI B IR, X 5%
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Table 4 Loading factor, eigenvalue and contribution

ratio of principle components

Far

A F Principle components
Factor

1 2 3
A PRk 0.179 0.809 -0.296
Soil organic carbon
TR -0.482 0.582 -0.034
Soil total nitrogen
e & -0.107 0.109 0.842
Soil total phosphorus
I K 0.503 0.699 -0.126
Soil water content
TR Tk 0.073 0.874 0.186
Water holding capacity
FH i) 35 7K 0.300 0.888 0.073
Field moisture capacity
F R 0.953 0.199 -0.146
Margalef index
SR i 0.156 -0.152 0.845
Pielow index
ZHEERR L 0.974 0.141 0.103
Shannon-Wiener index
R AIE 0.899 0.104 0.289
Simpson index
Py 0.950 0.201 -0.152
Species
FRAEAR 4.935 2.502 1.667
Eigenvalue
DR 44.863 22.741 15.156
Contribution ratio (r, %)
it sk 44.863 67.604 82.761
Cumulative contribution ratio
(r, %)

W N = A R B AR AT — — X R, sk T b S
(2014) WA LRI LE R

AR AR (1997) W58 & 3R, W) Fl 22 1 14 15
PRARBE I 53 A 46 R KBUFAE 5 POE R [ fE b &
AR B3E INSE RS T8 L Se Tt i JE B AR SR o
[P R 2 (3 o S T O N S e I S = o5
THE R 2 S e ORI 22 R T O g BRR B 3 A
K Jry 353 B0 A It 5 VA 1) 1 T, ) b 22 B A
Fh i o 33X AT BESE B A A R X 38k W By T T
B 52 AL 5% ) e B T o T R AR, A
YIRS Ao R, P b 2 R PRI s ok U 3 h g ik

SRR IR W U ST BEK B Y B A A
Wy o 22 A A1 3 15 I v T ARCOA T AT R A L0 R
¢, v LA R 380 , W b 22 M 3o v T i 7 1
SEX (MRBEEE,2008) , X HAMFGE T LR
IK P AEAS [R) W 3K 00 o3 A A% Jay — B, b, I8 A 4
b P 20 A i BT v i Y A DX T A
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Table 5 Pearson correlation analysis of vegetation characteristic indexes and soil physical and chemical properties
Parameter SOC TN TP SWC WHC FMC R E H D S
SOC 1
TN 0.441 = 1
TP -0.236 -0.025 1
SWC 0.652 3 -0.044 -0.010 1
WHC 0.557 == 0.440 = 0.210 0.537 s 1
FMC 0.716 = 0.245 0.212 0.844 =+ 0.822 = 1
R 0.349 -0.287 -0.162  0.587 = 0.245 0.438 = 1
E -0.212 -0.112 0.452 = -0.165 -0.006 -0.053 -0.055 1
H 0.268 -0.304 -0.026  0.526 =:x 0.217 0.399 0.954 3 0.233 1
D 0.203 -0.213 0.068 0.395 0.191 0.334 0.835 s+ 0.438 % 0.952 = 1
S 0.353 -0.288 -0.163  0.587 s: 0.248 0.440 = 1.000 == -0.062  0.949 xx  0.827 #:x 1

. SOC. HHEA MR ; TN, THE4%; TP. 1140, SWC. 85K ; WHC. s kiKka; FMC. 0K E; R, F8EH

o E. WSS, H ZRVESR R D, RAESREG S, Ifb,

Note: SOC. Soil organic carbon; TN. Soil total nitrogen; TP. Soil total phosphorus; SWC. Soil water content; WHC. Water holding ca-
pacity; FMC. Field moisture capacity; R. Margalef index; E. Pielou index; H. Shannon-Wiener index; D. Simpson index; S. Species.
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