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Tab.1 Basic characteristics of sample plots

B ZE Hi X B BH/m WerE/ () LR TR S/ %
REX 1550 ~ 1600 16 WY S/ A 92.2

(5873 103°8'30"E 26°14'38"N KX 1500 ~ 1550 25 SRR 62.2
HEFRIX 1450 ~ 1500 30 A 27.6
FasE X 1500 ~ 1600 25 HECE HE IR 92.1

A% 103°8'6"E 26°15'15"N KX 1400 ~ 1500 30 W F HE KR 62.7
HERUX 1300 ~ 1400 40 RO BT 3.2

1.3 UFEsHEHtE

FIFH Margalef # & FE+5 %% . Shannon-Wiener £ £F
PEAEEL Simpson HLHEFE LA Pielou X5 B2 48 8
FriFh ZHEERE, TR A XN S SR [14 ]
1.4 ®HEmah

W R AL MR g 3R M 20 T 0.5 mm
fJe Je Wi N, P2 TRk RO bk 14, 8 TR v
105 C37 30 min, X576 80 C Mt T =165,
TR TENLIEAT B o B RS RO B B3 ) |
MR PR AN S A 23 )5 0. 149 mm fLAET IS,
K FHH R 0 A O 3 D E AR O R R HLSO0,-
K, Cr, O, AN DA 4 1 b b 38 50 25 & F0
FHEA PR R H,S0, -2 R BLIC 2 Rk
R bR A A A e A R
Mo-Sh 4t b €4 5 DN A b 3 &8 70 5 5 A0
HEAHE R IO G RE IR R b b T 3
SR R AR - O K A T R
JH NaHCO, 18 #2446 40 L €0, 05 0 + 98 i '
R FHER TD 30 3 2 T A K RS SR AT pH -0
+3pH ",
1.5 HuiEsE

VPR RN BCE M AR 20 A S TR T
FEHERT RDA 37, Wy BCIE RE 1 h 2 R 8]
T AR A R AR AR DO R R0 L B
BiRF F AR X B X IR, 2%
M ST X s S bR A T A, B 1 43 2 2,1
HFHIE,2 A, KBy 3 38 1 NRREK 2
RARX,3 AHERX . FIH] R 4. 1.0 #E47 RDA 734
FAEFE R BN 2 7 2273 #r (one-way ANOVA) Hl
LSD Z 8 LB B 77 705 T e A P B A7 4 1]
ZEFIERE (P <0.05) .

2 SRS

2.1 AEEEH M E TR HE

THRIT A5 BT SRR R A Bl RN
SRR BT ARy, BB R
FEHh b MR AR 225 .3 (P <0.05) 5 B HEAR X
e S e X e Rl e a R R E N i 1L
Fe o XA b3 53 Wl B0 o 0 R T B A0
(P<0.05) (£2), FHI3AE B % 5 B 1w A2 €
FEEE Y A T s /)y, HoAR e X 35 R T ARUIX
(P <0.05) , M HE & & 2 A e 2 B i RRAIR AE 0
SIS NS (P >0.05) , B BOR B0
i35 TR R R ) R AT B2 ST i/ i 1 e 4,
AR T R R A AR AR T, AR X 2 K
ThE X MEFAX (P <0.05)(£2),
2.2 AEHEWTH SRR

TR B | BHSBA ] X B b 2 A M B3R
BT, BH 3 B2 XA 2R B2 IX Margalef 5 Ji2 45 4.
Shannon-Wiener ZFE 84U . Simpson HL 3 35 Ef1
Pielou ¥ 5] B B AR |- 10 35 K T B3, 7R TR IX.
WIFHE (P <0.05) o Bk Margalef =& B 45 %51, FH
3% Shannon-Wiener 22 #f 435 %% . Simpson {Jf, # ¥ 45
HOHN Pielou Y5 A8 B R T il 45 Wi T 2 s e B 119
REEARRTT /N, B X2 5 R T HERRIX (P < 0. 05) 5 Ff]
Y& Margalef 3= 5 FF 35 % . Shannon-Wiener 2 £ 1445
K Simpson L HE B Pielou X557 B8 £ R F)
IR HERR X R X R AR X, HERR X B 3 KT
REAX (P <0.05) (%£3)
2.3 FEY A L IE R 1 RAFE

TIEA DK pH A E KR AR eS8
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Tab.2  Aboveground and underground nutrients of plants on shady and sunny slope in dry-hot valley (g-kg™")
o SR B i e 1
FEHL TER
73 339.63 +18.50Aa 320.45 £29.58Aab 310.90 +16.45Ab  266.77 +56.88Ba  231.43 +60.24Bab 170.63 +26.55Bb
" 12.56 £2.42Aab  14.35£5.32Aa  10.24 £2.73Ab 6.46£0.97Ba  7.25+3.34Ba 3.92 +0.40Ba
ik % 0.50 +0.40Aa  0.40 0. 16Aa 0.62 +0.45Aa 0.47£0.05Aa  0.51 £0.22Aa  0.44 +0.07Aa
4 5.35+3.04Aa  4.88 +1.74Aa 6.65 +4.10Aa 4.03+0.58Ab  5.56+0.50Aa  6.09 £0.49Aa
i 320.11 +18.49Aa 323.37 £15.34Aa  309.08 +27.34Aa  339.67 +13.73Aa 294.19 +44.28Aa 221.36 +61.08Bb
P 8.42+8.42Ab  7.20+1.07Ab  20.15 +9.37Aa 6.55+1.0l1Aa  5.54+0.80Ba 7.0l +1.46Ba
P i 0.48 £0.07Ab  0.51 +0.13Ab 1.10 £0.29Aa 0.35+0.04Bb  0.40 £0.06Ab  0.63 +0.08Ba
i 5.35+0.86Ab  5.120.83Ab  20.79 £9.07Aa 4.17+0.74Bb  4.13£0.74Ab  13.71 £5.56Aa

1 R EK B 122 % [Rl— 3k ) AH R X BE R s [ b F 324016 P <0. 05 /KE25 5 5.2, RIE/ING 578 36 71 A TR 3k 1) S 5] X B % 352 40 76
P<0.05KFEFBE,

®3 FTRAUSH.REMT SR

Tab.3  Species diversity index of shady and sunny slope in dry-hot valley

Ff: b X Bt N M H D P
FREX 13 2.48 £0.07Aa 1.40 +0.07Aa 0.71 £0.03Aa 0.87 +0.03Aa

FH 35 ES 1S 14 2.56 £0.04Aa 1.36 £0.03Aa 0.69 £0.02Aa 0.83 +0.03Aab
HEFRIX. 13 2.04 £0.12Bb 0.99 +0. 1Bb 0.54 +0.04Bb 0.79 +0.04Ab
FREX 11 2.26 +0.15Aab 0.94 +0.11Bb 0.49 +0.05Bab 0.66 +0.05Bab

3% ER 1S 10 1.64 +0.24Bb 0.61 £0.13Bb 0.35 +0.07Bb 0.55 +0.09Bb
HERRIX 27 2.78 +0.13Aa 1.38 +0.09Aa 0.68 +0.04Aa 0.78 +0.04Aa

TS g g s M g Margalef 5 EF8 %0 H O Shannon-Wiener ZAEPETE % Dy Simpson R # BET8%; P Oy Pielou 2 BEfE ¥, A RS 71
FET AR DX BEAN R 39 ] ZREESREAE P <0. 05 /K28 57 B3 5 A Al NG T REFR R AR )38 1] AN ] X BE AR AR R P <0. 05 K22 53 B3

AEPRITINE SRR BR R A X M pH Sh, B
S A P 5 KR 2O pH LR E R T
3, T - SPEH A /N T B (P <0.05) o FHI
55 B 0 LHEA HLR 5 KR  A RUFIK i A R
MR AR RE X RAR X HERLX, A BILBR | 75 7K R AE
X Bela) 22 5 3 (P <0.05) , BHI A i s 75
i REIMRYCH FRE X R HERIX, R X
pH B R TFHRE X HERIX (P <0.05) (F 1),
2.4 EHSHMERFHTRSNT

FBTR AL P R A VR4 205 BB IR 1 1)
AT M (RDA) “HEHE 7 182, ) X B K
R AR AR 5 KR A i SR L, DX A
BRI RFE R 24 P R B A B0 A A B RE )
(BE2) o PRET 5 XA 0 19 5 RBURR B
76.2% ,55 1.2 HEp Ay AN BE T 43. 6% .19. 9%

([ 2a)  REE 5% Z RS X000 8 R BUR B
85.7% 5 1.2 HEFP o3 5 il B 1 62. 8% (12. 4%
(K2b),

TUAR BT — 4R B RESE TR I WABL DSR2 4
Mk Wk ZHEVERRAE S R R 1 2Z R AR S, XE LA
FE RGN TR SRR . 2T It RIS
RO EHAGEXS 10 IR T AT R , 45
R B B R AR S K SRR SR 0
A HA B30, ) 5K X B R ALK
fifp 2 pH MR SRR AT BB (3£ 4) .

3 itk

3.1 BT
LR Re R AP NERE Rl oy D e TR T
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Fig. 1

(d) water content; (e) total nitrogen content; ({) hydrolyzable nitrogen;(g) total phosphorus content; (h) available phosphorus content

1 F#AA A PR T IR R
(a) AHURE 5 (b) pH; (o) ;5 (d) HKE; (o) AT,

() AR MR R 5 () SR (h) B0

Soil physical and chemical properties of shady and sunny slope in dry-hot vally: (a) organic carbon content;(b) pH;(c) bulk density;

(ARRIK S R 37 AR R X B R39Sk B R P < 0. 05 /KO it 35 25 57 5 N [R/ING A 32 AR R) 9k 1) AR ) X B - e Ak v i e
P <0.05 KF-RERES)



840 TR VR S (1 40 15 %5 6 J1

(a) Aspect 0.6 | (b) HN

0.6

Pielou

0.3 + Shannon-Wiene! Simpson

AP
X X
& N
= o
(%. (%l 0.0 .........................................................
[a) o)
I~ I~
-0.3 :
. Margalef
04 ) : ‘ . -0.6 | Section Aspect
-0.4 0.0 0.4 0.8 -0.4 0.0 0.4 0.8 1.2
RDAL1 43.6% RDAL1 62.8%

2 HEWES SHEIEHSINEREFH RDA HEF B : (a) HiB5:4; (b) Yk ZEEMEIE S
Fig.2 RDA ranking of vegetation nutrients, diversity index and environmental factors:
(a) vegetation nutrients; (b) species diversity index
(A-C \U-C a3 R FAE B b i FBROTE s A-N U-N S 5IAERA S - T BOTER ; A-P U-P 40 fRRAE Bl - R #5035 A-
K U-K 3R FeAi gl - b 80 K ; Margalef 5 Margalef 5 & J# 1545 ; Shannon-Wiener 24 Shannon-Wiener Z2 #4435 %5 ; Simpson
Simpson I EEFEEL ; Pielou 2y Pielou 35 BEHE R Aspect Jg 1] ; Section 2y X Bt ; SOC Sy LRk ; TN 42 TP 42 ; BD HAH
WC 87K 3 HN 7K A AP St )

®4 WMREEFHERFS SHEEEHNBERNEZHNR

Tab.4  Interpretation rate and significance level of environmental factors on vegetation nutrients and diversity indexes

EiE W T il e R flR RS FA{f Pl
1] 2 14.53 8.950 0.002 * *
X Bt 1 24.36 11.219 0.001 * =
ALK 8 0.95 0.890 0.451
Foaty 3 6.67 4.507 0.025 =
2R 4 / 3.737 0.031 *
TSR I> -
R 7 1.56 2.095 0.134
pH 6 6.20 2.198 0.126
k% 5 6.55 3.693 0.038 =
KA 10 / 0.491 0.639
R 9 0.27 0. 604 0.575
el 1 44.42 136. 564 0.001 # *
X Bt 3 4.18 23.122 0.001 = =
APk 10 / 0.712 0.453
KE 4 2.58 17.366 0.001 * *
Py %fi 5 / 16.245 0.001 * *
3 8 0.84 4.774 0.026 *
pH 7 0.82 8.303 0.003 * =
Ek 2 19.90 38.853 0.001 * =
KA 6 6.08 10.555 0.002 s *
AW 9 0.40 0.830 0.382

T/ FR I T 5 HABIRSE B T4 FE S AR RS 7 5 o+ KIRTE 0. 05 K B3 5 « « FORTE 0. 01 /KPP B W3
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Redundancy Analysis of the Relationship Between Plant
and Environmental Factors on Shady and Sunny Unstable
Slope in Dry-hot Valley

1,2,3 :1,2.3 . 1,2,3
GAO Ruoyun'””,| YANG Liusheng'*” | TIAN Xue'””, YANG Hongfei' >, LIN Yongming'*
(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China;

2. Key Laboratory of Mountain Hazards and Surface Processes, Institute of Mountain Hazards and Environment ,
Chinese Academy of Sciences and Ministry of Water Resources, Chengdu 610299, China;
3. Key Laboratory for Forest Ecosystem Process and Management of Fujian Province, Fuzhou 350002, China)

Abstract; Unstable slopes in dry-hot valleys of Southwest China are not only the focus of debris flow basin
management , but also the key to inhibit the continuous reverse evolution of ecosystems in valleys. However, for the
study of fragile ecosystems on unstable slopes in dry-hot valleys, the internal relationship between vegetation and
environmental factors on unstable slopes has not been fully explored, and there is a lack of targeted ecological
restoration measures.

In this paper, the shady and sunny unstable slopes in the Jiangjiagou dry-hot valley in Dongchuan, Yunnan
province, China were selected for field surveys and samples collection. The nutrient contents of the aboveground
and underground parts of vegetation and the physicochemical properties of soil were determined. Redundancy

analysis (RDA) was used to investigate the relationship between vegetation nutrients, diversity characteristics and
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environmental factors on unstable slopes.

The results showed that: (1) The nutrient content of plants in different slope aspects differed significantly
between the aboveground and the underground. The aboveground carbon and nitrogen contents of plants in different
areas of the sunny slope were significantly larger than those of the underground respectively (P <0.05) , while they
were significantly larger in unstable and deposition areas of the shady slope than the underground, and the stable
area was significantly larger than that in the deposition area (P <0.05). (2) The Margalef richness index,
Shannon-Wiener diversity index, Simpson dominance index, and Pielou evenness index in sunny slope were
significantly larger than the shady slope (P <0.05). These four indexes had higher values in stable area than in
deposition area for sunny slope, whereas they were reverse for shady slope (P <0.05). (3) Soil organic carbon,
water content, total nitrogen and hydrolyzed nitrogen decreased with the decrease of slope stability, whereas soil
bulk density, total phosphorus and available phosphorus increased. (4 ) The RDA results showed that
environmental factors well explained the changes of vegetation nuirients and diversity index. Aspect, section, and
soil bulk density were the significant influencing factors, explaining 14.53% and 44.42% , 24.36% and 4.18% ,
and 6.67% and 2. 58% of the variations in vegetation nutrients and diversity index, respectively. The results
revealed the response and adaptation strategies of vegetation nuirient characteristics and species diversity
characteristics to different environmental factors in dry-hot valley. This research also can provide a theoretical basis

for the treatment of unstable slopes and the restoration of vegetation ecosystems in dry-hot valleys.

Key words: dry-hot valley; unstable slope; vegetation; environmental factors; redundancy analysis; Jiangjiagou



