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Canonical Correlation Analysis on Soil Nutrients, Microorganisms and Enzyme Activities
in Vegetation Restoration Areas for Soil Degradation and Erosion in Northwest Hunan
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Abstract: Through canonical correlation analysis the relationships between soil nutrients, soil microorganisms and soil enzyme
activities were studied in vegetation restoration areas for soil degradation and erosion in the case of Niierzhai watershed, northwest
Hunan. The results showed that the key factors in soil nutrients, microorganisms and enzyme activities were N and P elements,
bacterial number, soil microbial biomass carbon and nitrogen, and the activities of urease, polyphenol oxidase, phosphataese and
invertease respectively. The activities of urease and polyphenol oxidase were related to the transformation of N and P elements
which had important impact on the cumulation of soil microbial biomass carbon and nitrogen. Moreover, the activities of urease,
polyphenol oxidase and phosphataese promoted microbial biomass carbon cumulation, however, invertease activities inhibited the
cumulation of microbial biomass nitrogen. Urease activities were also beneficial to the N element content in soil and unfavorable
for P element. There existed a negative relationship between the polyphenol oxidase activity and N element content. For every
canonical variable group, the gathering tendencies of soil nutrients, microorganisms and enzyme activites in different soil layers in
different vegetation restoration communities could offer some scientific basis for soil health diagnosis and site type dividision in the
process of vegetation restoration.
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T REEAEYVRELAZKR B2 58F L EAYLFEIBENNERFTYRER, L RHEDERTENR
PE PR (BE 55,2003 F5,2002; BEVL%,2003), BMEMHASWMEREHERR LEBEHSERTE
W& EPE A BTN (% 1% ,2005; Doelman,1986; Haanstra,1985; ZERRAK%E,2002) ,{H7ER L 1+ 3
K E X + B4 Y RS PR P R A B (B 55,2002 EIEMHE,2003), FXAMAEILLIL
NI AT S, XTI 7 RSB R K R B VS RS e Y R TS HE AR e BEAT B ST, A A
BALERMX ESKE 5 ERRERIBKRE,

1 BRXHER

ZILBE/MRBA THEE KR T T EMEMEEREN (110°10' E,29°30' N), B EURTE AR
FEABWERRLBERE, ARAE,WERN,FHHE 1440 h, FHSE 16 T, FHFEKEY 1 400 mm,
SETRW 216 ~ 269 d, & F LA LR A FXARIFE, WMBER 2.81 k', W 08K 210 m, B H E%E
RO17.4 mo HAFBAMFEESR, WTRR, WBYRE WBEEL 2.6 km km™*, EWMLFES 28.4%., -8
B E, LHBARER., WA 193 FFREBATEANHLEREEEHHEBEKESERTRE,
R BB E B D B ( Pinus massoniana ) KR W .42 K ( Cunninghamia lanceolata ) A T4k ., &t 4
( Eucommia ulmoides ) \. T K . 11§ ( Vernicia fordii ) A T4k . 8 18 ( Machilus pingii ) Yk & #K . B AT ( Phyllostachys
pubescens ) IZ R IBEE MR R TR EEN SRR (B RE%,2007b) . FEH KT KA HiK ( Loropetalum chinensis) 2%
WK ( Boehmeria nivea ) &I F ( Rubus palmaius ) 3 M ( Mallotus apelta) . K IR W ( Acer oblongum) 781 2% ( Camellia
oleifera ) % , ¥ BE XM WA 8= H ( Dicranopteris linearis) . 3% ( Imperata spp.) & £ 1T ( Dianthus caryophyllus)
JZH ( Arthraxon hispidus ) « 8 I8 B ( Houttuynia cordatu ) . ¥ By B ( Ophiopogon japonicusc ) « T B ¥ ( Senecio
scandens ) 3B ( Cyperus rotundus ) 371 %% %% 55 B ( Microlepia marginata ) \¥#i2R E Bk ( Cyclosorus acumindtus) NLE:]
( Metathelypteris singalanensis ) % , L\ J JE ¥ 18 ( Dalbergia hancei) ¥ & ¥ ( Lygodium japonicum ) 7% 88 ( Thladiantha
nudiflora ) 38 3 ( Smilax china ) AP E ( Cocculus trilobus ) .= M A& (Akebia trifoliata) % 2 Y .
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2.1 #HHigR5THARE
- XIS B KR AR A AR A DA ERR AR ISR 6 AR ESREFID

3 TEEBEMNBEA R 2 N(EXTIR) B AR 600 m*, T 2006 4 7 A 13 HRE L., S MEN
ALAIE(0~20 em,20~40 em)REREG LA 1 kgo RELHSB 24, —17 4 CREBEFER L EBEDH
BES54YENN, —HARRNTEHFM RS SEEENE,
2.2 1TWMFES MEVEBEENE

BEEREEREAVUR, V8RB () - BIBS - RBREAR RN E 2R, HER L AR E 2%,
WA B T K A L, DUBR BB 4R 7R 2 U S W , KM BT R T B R R L B R R E A WL R
FERALAENEARE EFRESEEEENEERE AR ARALERE . B LM, R
ATRREET BN E L BPHE EEARAALE AEASNEEORERE AEAD TRERE,
HEHARRRK 1 SERE MAYEYER ON HEFERENE, RBAXHMALEE, EEBH=M
EAkHBRULEE, BEAMA=SXENEREAY (TIO) sk, TR/ EAMA KMo, HEXE, EMELBH
BE="BHeak BEOMAS -FHak BREAMRE _NLAENE(PEMN#RE R L EHRHF,
1978), HHEIFWMEEE 3 K,
2.3 BEHXHF

HUHXAMRAR 2ATBRZEAMXXRZN —FH BTN L. EEFILHX,) . 28(X,) . 2%
(X;) KIBE(X,) ERBE(X,) EE (X)) BHEB(X,) FAREK,) BREX,) FBEREK(X,,) AR
(X)) ERE X)L ERIEG AERE(Y) EERE(Y,) BHEABERE(Y,) MAEYEYE C
(Y) SEVEYER N(Y,)5 N BAYEG, RE(Z,) BR8N (Z,) %A (Z,) SE4kEamE(Z,).2
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B EALRE(Z,) EAR(Z,) BRI (Z,)7 4 R RS M AR AR R SR O R AR (B W 4 A A S S
FRABEEE Xrm » Yonin M Zown S TR HIEA R (U) L HBAE Y SE AR 8 (V) 1 W v
WAR(W)MREAS R

U=aX +aX, +al,;

V=>bY +bY + - +0bY;

W=10cZ +cZy+ " +c¢Z,
RH:oa,a,,5a,(p=12),b,, by, b,(qg=5) R ¢\, er,, e, (r=T)AFERE, U.VEWIRAHE

KT X R H

2.4 #FirHH
HYE AL RS HTE R DPS B4 AL
3 RS0

3.1 TRESEREVHATBHEXTH

MBBHEAEREEERESER(E DB I ERSSHEYHIE TR, BREHX AL H0.8855,
% Wilk’s Lambda & y* KB XK B EKF(P=0.0003), ZXTHMEERRN:

U, =-0.0380X, +0.228 0X, — 0.267 0X, — 0.306 8X, + 0.726 4X; — 0.041 7X, +
0.1552X, +0.1353X, + 0.344 9X, — 0.4154X,, - 0.096 1X,, + 0.278 7X,,;
V, =-0.6078Y, +0.136 8Y, + 0.2309Y, + 1.251 1Y, - 0.515 6V,

BU,V, REATA, LER S AEFPETEEAPRREMB (X)), LEREY SR TFHFREER
ERRNEMEYEYE C(Y,) , WAL EF PHEAERAVEYE CHEBRXRBRKR, EXNHE.

WHETRSHER, BBEER U, WTUER23.96% M+ BFEFTR HEMRE T ENEY 17.85287%
S, MELAR V, TUBR2.760 ML BEEVER FEBERLHEF ST 18.7192M TR, BEHFB LT
BRESSMAYREMEBBRA U, v, TR, MABR/DEBRETESRESI, 182 & A 78X X
AR FWHEFRAELREE D). B1 9B 5SHEDSESHEEHFETELE R, 1513 %,
T2: P ATAR ALK EEKERETEEEA~20emtE; 13K SEMXAK.ERALHK
0~20emtT 2, BT AEREMATHK BTEATHH20~40cm +2; MH: SEMNKXKBRKR EZRAIHK . FR
HHEMN20~40 cm L2 ATHIBEZMKO0~40 em L2,

£1 ABHEXANEEHERRC
Tab.1 Wilk's Lambda and Chi-square tests of canonical correlation coefficients

BB HHEREFS HEEERRR Wilk’ 2 r P
Item Canonical vector No. Canonical correlation coefficients s X
1 0.8855 0.0376 104.9605 60 0.000 3™
; 2 0.781 9 0.1742 559177 44 0.107 4
i&a‘%ﬁ}'—ﬁi%ﬁi%%?ﬁﬁ%é}ﬁ 3 0.618 6 0.4482 25.678 4 30 0.691 4
CCA of soil nutrients and soil microorganisms
4 0.4203 0.726 0 10.2459 18 0.923 6
5 0.343 9 0.8817 4.027 4 8 0.854 6
1 0.860 4 0.0130 134.5572 84 0.000 4™
2 0.828 4 0.0502 92,7643 66 0.016 6"
3 0.770 6 0.1599 56.828 1 50 0.235 8
igﬁﬁﬁiﬂﬁﬁﬁﬁﬁﬁ*ﬁﬁ . 4 0.5800 0.3936 28.9030 36 0.793 5
CCA of soil nutrients and soil enzyme activities
5 0.457 3 0.5932 16.1904 24 0.8811
6 0.426 7 0.750 0 8.9180 14 0.8363
7 0.288 2 0.9170 2.6877 6 0.846 9
1 0.869 8 0.0478 104.8738 35 0.000 1™
TRV S L RARE A S AR S AT 2 0.734 2 0.1966 56.1189 24  0.0002"
CCA of soil microorganisms and soil enzyme 3 0.676 5 0.4266 29.3946 15 0.014 37
activities 4 0.4257 0.786 5 8.2851 8 0.406 1
5 0.198 5 0.960 6 1.387 2 3 0.708 5

@ * P<0.05; »* P<0.01.
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3.2 IWMFESEMBENHHRIBHELSHF

X 57 5 L MEE AT MR T, B F 2 AR (R 1), KM X RS 3% 0.860 4
50.828 4, £ Wilk’s Lambda & y* % ,% 1 X AR BEFKF(P=0.0004),F 255 BEFKFE(P=
0.016 6) .55 1 M HLTEAA R N .

U, =-0.0805X, - 0.644 8X, + 0.763 0X, + 0.356 9X, — 0.013 6X, — 0.194 1X, -

0.407 4X, - 0.036 7X; + 0.1150X, - 0.214 0X,, + 0.157 7X,, + 0.512 0X,,;
W, =-1.4244Z, +0.0999Z, + 0.2884Z, - 0.3425Z, + 0.696 5Z, + 0.3402Z, + 0.249 3Z,,
FE2XHEERER.
U, =0.468 4X, — 0.690 4X, + 0.063 9X, + 0.490 2X, + 0.109 4X, + 0.082 1X, + 0.543 6X, +
0.036 4X, + 0.114 8X, - 0.537 5X,, - 0.273 2X,, + 0.045 2X,,;

W, =-0.7318Z, +0.2649Z, + 0.2443Z, + 0.168 7Z, + 1.381 0Z, + 0.2055Z, + 0.051 4Z,,

HEBEEEERHTH,F1 LEFRSEFEFRFEEEERN
2R (X)) 2%(X,), B 1 Lt EBESESEARTFHFEETENRA
RREWRE(Z) ZHELB(Z,); F2 L ERI>GEGETFHEE
ERANRER(X,) BMM(X,) B5E(X,), %2 T HmEEHE
GEETHPEFIZEFAVOLRRE(Z) SHALAE(Z,). X—
FESREM#IE N SHELBEL CHERNBREMS, S —FE
BRARBMEHE LB EERES G LB P — 4R
TR W N, P B4, b N SIRM oV IES M, N 5 2B Ak
B P 5 R B S8R

WHETR U,,U, #HTTLER 12.04%,19.81% 1) L3375
B, UK 11.52%,18.50% Wy T 3EEEIE MR W, , W, 2B L
R 15.56% ,26.95% Ry + M E AL R, LI K 8.91%,13.60% K
THAESTR. BEEM I EA S EHEENZWHEERA U,
w, ®U,, w, FE, AR/ 3
EEEHITELSREST,BH
BHEMAEX 2 BB LEE LY
HFF AR E(E 2), K 2a
hHEFS EIELE AT
EHFESBELENT, TMI3
¥, T2: HAPATHK HEA
TR RS R A AR S B A B
#20~40cem E; T2 EX
ATH AT AR AT
M IABREKO0~20 cm L2y
M. HKEH#EMNO0~20em +)Z,
DEMRREK MEBRAKO0~40cm 22, B2b FELEFSSBEHSAFEEHFEGTELS ]IS
M3, I12: TEMRERAR BEARATA AT BFEATHK BBERKEXRMTZEZSHA REEL
0~20 cmtZ; TK: BARAATHK HRATHK EMKAENK20-~40 cm L/E; ME: STEBRAKR AN
IHRPTEREHK FEEEN 20~40 cm 12,
3.3 T EN4HEREEAMTERXSN

Xt + A W 5 + BEREIE PR AT LA L 4T, 2 Wilk's Lambda & * K5, BB 3 HBEERE(E L),
HABHEERK D17 0.8698,0.7342 5 0.676 5,% 1(P =0.000 1),2 ¥ (P =0.000 2)ikK B EKF % 3
SR BEKFE(P=0.0143), 1 THREEEN:

B1 tHFTSHEYREERHFFRE

Fig. 1 Ordination and cluster of canonical varibales

of soil nutrients and microorganisms
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H2 +#FS5HEEEERHETFRE

Fig. 2 Ordination and cluster of canonical varibales of soil nutrients and enzyme activities
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V, =-0.6075Y, -0.0749Y, - 0.1185Y, - 0.8744Y, + 0.531 3Y;;
W, =-0.7578Z, +0.0283Z, - 0.29897, - 0.1912Z, + 0.258 2Z; - 0.020 8Z; - 0.502 5Z,-
B2 XM AR ROy

V, = 0.0263Y, + 0.4773Y, — 0.619 5Y, — 0.571 5Y, + 1.231 6Y,;
W, = 0.5682Z, —0.1197Z, — 0.868 82, — 0.271 9Z, — 0.293 7Z5 + 0.076 2Z, + 0.217 1Z,,
FEIXNHABELTENRN:
V, = 0.8574Y, — 0.482 1Y, + 0.265 2Y, — 1.197 3Y, + 0.543 0Ys;
W, = 1.8621Z, - 0.296 4Z, + 0.435 7%, — 0.301 6Z, - 2.102 6 Zs + 0.118 6Z, + 0.168 02,

2.5 2.5
20

b 2.0
15

25L W,

B3 tHMEYSHEERETERFRE

Fig. 3 Ordination and cluster of canonical varibales of soil microorganisms and enzyme activities

HEETERBETH, 1 L EMEYEARTFPEFEEANREAERE(Y,) BAEYVEDE C
(), 1 +EBENSESEFPREFEEFEAYERE(Z,) BRI (Z,), LHUMAYEYR C MRERH
FEHMBER, RHREARNTHREVEYR CHWER; F2 1 EMEYEEGETFHEEIZEANEMAY
AR NY),F2 1 EBESRGERFHEREEBNERAE(Z,) 2 M BHZERMNHE, K%
BRI TE S AE YAV E NWRBEE —EWmEER; £3 LBMEYSERFPEFEFANRME
WEYE C(Y,), B3 L EBEEEFETFIREFEEEANESEBE/EE(Z,), B % B E LB i 18 HEXT
Y E CHRER —EMRHER.

WMYEAAE V.V, 5 V, 0BT IR 34.52%,13.98% K 12.29% B +IEMA WA R, UK 25.66%,
8.33% M 2.38% By LIEEIG AR R W, W, K W, 2 B R LASERE 33.91% ,15.45% 5 5.19% B LR B 15 128
5,05 26.12%,7.54% B 5.63% R 3R MAEYE R, S T EMAE Y SRS RN SS IS EARA 3 X
METETRA, NABRNEREHTELRLEHN, RSB ESNATETRE EWAEFRLLRE (B
3)o E3ah+HEHMAEYSHENSSEESRFEGPELEN T  N228, KPP ITREER 7 FHREBEHRE20 -~
40cemt R, IR THBEEO~20em L2, B3+ EHMEMERERESRFEEHEFEFELE N,
532, T26: MEBKEKRMTEELHK20~40cm L2, SEMEKARAKO0~40em L2 M2 AT
HEARAI20~40 cm 22, BHKAER MEZELZK BMRAATHK KEEN0~20cem +2; MK £
ANIHAARANLIHKO~20 cm L2, A ALK FREEN20~40 cm 12, B 3c P LBEHREMSHERS
BRHAEEHFEGTELERT NI 5M33%, 12: MEEZK0~40 cm 12, KA TH DR KR At
A TAR HHF A TAR AR AR FEEEMN 20~40 cm 125 126 TEMRAK SAANTHK HEMHAT
AR A A TAR 20 ~ 40 em £)2 5 MK ERKRAEAR FFEHEM 0~ 20 cm,

4 HwSitie

TEFAGGARTFHEIEMFANANS P, LEMEYEERFRIREEIERHNIMERERE S4ED
EYE CEMAEVAYE N DEBENRSEEFHREEZEMAG AR 285 AL BRE ML,
FREG A2 B SE AU B EOE YRR L3 N, P OFL B R, TN N, P MELSHEYEYE CHEVEYR NK R
BAEX. ki . SHEEEBRRBOEENNEDEYE CHRRE SR EER, BB E X
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EMBEEENS LR N RZERAN AR TR, EBURBEHK, B AEY LR SIHEYREE RS
BHE NPERS TR T HERETHES L RMAEY WS, 5~V HUAERAEE LA RMEY
B O/NBEE, FRIEATHEBREAR.

THEE HWE SRR R R S AR B AL RS A A IR bR E B A
KA RE X 5H XS AN TIRLE R —B(EH LS ,2005) . (HAEHFFFKIEN (Eucalypius) A
ITHERIEAIAMWE S LR BER A E—EHXE, L BT EEERYRARNELR
FEEER(FRASE,2002) , %% (2003) B R B R BT EAEHHKERESHBROSRA X,
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