D000 http://www.cqvip.com]

526 4 1 i H = ¥ iR Vol.26,No. 1
2006 47 1 A ACTA ECOLOGICA SINICA Jan. 2006

FALHAHEFARAARREREETLRFFZTEAERE

B , LT, Mp, MR, 31 K, B &K

CGRREMSHRENEFRRSERE, LRI AF SFHEEL, LT 100875)

WE-HEFERENTL ESRENBELSREABNER T RERESHORMEER. LYK S K400 85 558
TR AR EAESET ST EXMEAFFERET TR0 AR L3R4 554 0 25 18] 5 T4 1 47 TR %,
HERRY ALTMER S, SR L BRS TR THERHF A2 BE, T AT LB ERE L%, kS
EXMH#MERER, £RANEIRAN - ZKIBELW, 5 - Bo22REROER, SREEPERF LRI E4RBHE
BOR/ANIHERF 9 B ERWI R > JE M IRR > LRI M > BRI B . SRR T R (AL BRI B F XS A L 3R 4 4E
ML BRSESHENEE, K, S8 BE SRR RS RS AN EMER, TS kR BE SR R
AR £EAEHWEEBEA; T RS KRMAGBEN T RETGFESEREEE L,

S SEREIS v ek B o h L ARy AR N e

A E :1000-0933(2006)01-0061-00 A EI4F T :Q149,5158.2 X MIRIRE A

Spatial variability and distribution of soil nutrient contents along different

environmental gradients of Yilong lake shore

ZHAI Hong-Juan, CUI Bao-Shan", ZHAQO Xin-Sheng, LIU Shi-Liang, HU Bo, YAQ Min  ( State Key Joint Laboratory of
Environmental Simulation and Pollution Control , School of environment , Beijing Normal University , Beijing 100875, China) . Acta Ecologica Sinica ,2006,26(1) :
61~69.

Abstract; The characteristic of ecosystem changes along the environmental gradients and the soil is one of its important indicators .
We studied the spatial variation and distribution of soil nutrient contents in Yilong lake area, located in the Longitudinal Range-
Gorge Region with rich biodiversity and being one of the largest Platue Lakes of YunNan Province, China. Soil samples were taken
from four areas along the different environmental gradients, concluding Northern Farm (NF), Northern Hill (NH), Southern Farm
(SF) and Southern Hill (SH) . The organic matter, total N, P, and K(TN,TP,TK), and available N, P, and K(AN, AP, AK)
in the soil samples were measured. The soil quality index was calculated by principle component analysis, using the measured soil
nutrient contents. Correlation matrix was created among various soil nutrient contents and altitude or soil moisture content for NH
or NF, respectively. Average contents of soil nutrients were calculated in the studied four areas.

Principle component analysis showed that the critical factor affecting the space distribution of the NH soil nutrients was not the
altitude but the slope. The contents of most nutrients were lowest at the foot and the peak of the NH and were highest at the middle
of it except the potassium. The soil of NH was rich in organic matter and total nitrogen. In NF, however, the soil nutrient contents
gradually decreased with the decrease of soil moisture except the organic matter and total nitrogen, probably because some of
organic matter and total nitrogen was moved by precipitation from the hill soil with high content of them to the farm near the road.

The soil moisture played an important role to determine the soil nutrient contents distribution. The soil of NF was rich in potassium
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and phosphorus while the NH soils contained high contents of the organic matter and nitrogen. The soil of Yilong lake shore
generally contained low content of phosphors but high content of potassium. The soil quality of the four studied areas was in the
order: SF> NF > NH > SH, indicated by the integrated soil quality index.

This study also investigated the relationship between the single svil nutrient factors and soil quality index and the
environmental factors. The environmental factors included air humidity, soil moisture, slope, altitude, air temperature, slope
shape, and orientation. The results showed that the air temperature, air humidity, orientation, and the slope shape played an
important role to the phosphorus spatial distribution. On the other hand, the soil moisture, slope, and the altitude played an
important role 1o the spatial distribution of the organic matter, total nitrogen and Potassium. In addition, the soil moisture was the
critical factor affecting the soil quality. The regression equation between soil nutrient primary components and soil quality was: soil i

quality = 1.842 + 0.465 N_PC1 +0.214 N_PC_2 (N_ PC was the primary component of the soil nuirient factors) .

Key words: environmental gradients; soil nutrients; Yilong lake shore; Longitudinal Range-Gorge Region ¢
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Fig.2 Comparison of soil nutrient contents along the altitude gradient in the NH soil

#1 EHHAREE(NH)IREERS GRS ANEXER

Table 1 Correlation coefficients between soil nutrient contents and soil water moisture of NH

FH ltem ¥ Altitude A HL.FE oM £ TN 48§ TP 248 TK HERBE AP ERA AK
(m) (g/kg) (g/ke) (g/kg) (g/kg) (mg/kg) (mg/kg)
¥R Altitude(m) 1
HHLE OM (g/ke) 0.345 1
2% TN(g/ke) 0.813 0.508 1
2% TP(g/kg) 0.338 0.351 0.765 1
44 TK(g/ke) -0.562 -0.826" -0.825" -0.578 1
BB AP(mg/kg) 0.222 0.593 0.646 0.644 -0.859" 1
BB AK (mg/kg) 0.510 -0.048 0.361 0.311 0.091 -0.420 1

* p<0.05, * * p<0,01
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XETREFI A B E Kk L RIE %, R ETH TP TK AP fl AK B35 B B2 5 150 BE B a0 3% fn 2 3 8
BHAKB/NOGEE, SEANNRETE TP.TK AP AK SEEE, LHE AP S BIRE, M EA BN
R H T TP.TK. AP f1 AK S BB, AEAHNRBWENFRABTSARENRS, ML AN KA
ZEMANRIELR, B0, LEEKERMNE, FEFLSERM. A8 2OV E+ 5 TP TK AP f1 AK H9§
BHRRE, AEARARLSSEWERTR.
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Z IR FE K R B4 8 :0.583 #1 0.686, R IEAHX , BM X HEARB B E, OM M TN K476 WA+ -5 k&
MRMERN, ENRNIHE—BIZKIBEER, 5 B0 Z A L EKERANE R, BEKHLE
B ERSAR TR WS KENRMIN, B3 K L0 E MR R ER A R B &48 R DR
ANBEEE N F R o '
2.3 REAXREHETLEFFISENIHEHR
2.3.1 RAXEHET IREFRLSETREMM 4 XL FRAEMSE R A KGR, LBEARRF
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Fig.3  Comparison of soil nutrient contents along the water gradient in the NF soil

NABFFH + M4 4r B MM The y-axis stands for the soil nutrient contents; OM(g/kg) , AK(mg/ke) , TN(g/kg) , TK(g/kg) , TP(g/kg) . AP(mg/kg)

22 LHHRRA(N)IMEERASEN I WS AR ANEXEY
Table 2 Correlation coefficients between sofl nutrient contents and soil water moisture of NF

AHLE oM 2% N 28 TP £/ TK AP AP  ERH AK LRI KE(%)

W H hem (k) (g/kg) (g/ke) {gikg) (mg/kg) (mg/kg) Soil moisture
HHLE OM (g/kg) 1
2% T™N(gkg) 0,487 1
2B TP(gke) ~0.092 0.494 1
28 TK(g/kg) -0.832" -0.320 0.523 1
BB AP(mg/kg) -0.522 0.220 0.656 0.776" 1
BB AK(mg/kg) - 0,352 0.241 0.851" 0.744 0.786" 1
T35 KB Soil moisture( % ) ~0.457 -0.307 0.583 0.850" 0.686 0.769" 1

* p<0.,05, * » p<0.01

BE SHA TRMEIEFNEM MR SRERE, AT E, £3 R4 MK LEFSRLTORME ST
F,AULIES, L OM M AP PP HEMER R, A LA REAE, IMERBERERE, AT
WREARRAE X, BT TK M AK WEFRER NN HRKFSIBWERREBEKR, LHE AP HERE
BORET 247, R LK D E RN EMMARMAEREERRXER,

AR IERTTRAEVNEHNERE(E 4), R3 TRRSHENME ML
Tk, AR G i 1 3R pH HBME, FRMEME sl properties Maximum Minimum  Mean  STD  CV(%)  Median
4.66, EHEMNEY, KRHAFENMNEBELE ERBBEAK oM (gke 319.38 19.19 76.01 71,10 93,55 40.97
EROTEA T ERESHE RRARE R OO 00 00 1n 20 wn
EERTHEL, KEUCEMRGHNERELSRET gk 3.55  23.10 14.81 5.86  39.54  15.83
7 - SR B B B T R A M 1 pH ﬁﬁﬂ&’ﬁj AP(mg/kg) 66.21 0.38 5.95 14.67 247.00 1.11
ORI AL SR HS S 26 M BT 35 T A, AK(mg/kg)  307.20 49.36 124,14 54,12  43.59  107.55
TN ERHEMEAH L EPSERE, FHEIAD 6. 16g/ke, L EMBE R B L TN § B FHME N 3.64g/kg; B
FRWA AR L OM F B Y 180.50g/kg, ALFR WU AR H K 36.88g/kg. IR B AESREG, LEWBELH
T3 TN F1 OM S B FHEMN KKK TR SMER D, 0 E v HRRAFEK KBS, LRI KEER
BE, B X OMBEFHERHEEMEIENERARE X, BFMEEREN pHEMKENTT
ANZEERINEHNRE BERRAAVNASEBNRM, IMEARANEVENBARMBHBA X, BH%
MRS RS L E AR R R, BT REAETE, HERME L EKERET R AGHEE.
YL A A B EERE T ANRENE RN E > RA VLR R AL R B, — 7, PRI BB i 8
RLOHEYRAER KHEESHET SR T ATREARR LA GEBBE T R HBE, A, Bh
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Fig.4 Comparison of soil nutrient contents between different sample zones

2.3.2 FRAERLIEFIEERBHLE #T1EEIREBESHERNIUTE, TUHE 4 MER L HEF
SEAEFRMERE—FRITAERTFHRANEEFFEFAN I ERSEEREZRINXR; U RAHE—
HEETERIEEFREMEN HRFLEFZ RGN EEFRITFER; B4, 0 LB A — 554538 0T
BFEREE, HEIRFIRESEESERN TEHEREN S SN RAEERA, TIE/IX LIRS —F 5
FERER R REM R BEWD . RITZ AR L5 A, R L OM, TN.TP. TK . AP Ml AK # L PF 4 B F .
ST &AL WS R BIGIRE o REUNTR ST AR, HEAR R,

QI = zn;Wix Q(x,) (1)
A, ALBRIFBGESHRE; W S TEMETFHORENR; Q(x) SN EFHBRLE. EEFH
HERBRAENTTRFASETHEESRRE B & L2 Wx0RFH#T ERGS0, RES S ERH P
BENLERBHEHRDAREN ERGN A ERGHTARBALUNEFR2EFHRTHFHBEEHEIE
Bt EBAHENFEIBETHREME, SRNE 4, Q(x)BER AR F RN T E
X < Ximin Q(x,) = x/x, (Q(x,) < 1) *=
i < % € Giwa Q(m) = 14 (% - %) (3gia - %) (g Q) <2) —M
Biia < % € Fige  Q(x) = 24 (5 = %) (% = %a) (2 Q(x) <3) R
X > X Q(x,) =3 (Q(x;) = 3) e

A, 2, AFRSE FWEE % o Vimia ~ %i e N E BB Q) ABMER FHELE, REF L
WM RN LR RN EETRES SN AN ERER EMBEY LRFSWHEF LRI E
5 FREMMRFTLEFSGERES N 4H:E, R R M. BEREBEAKXITESEMETFN L HFEL
RREGIEERE, .

B 5 ARFAERE L EFSRBESHREHE, NERTLUEL B ERE(SHBMLEASRE
GEBGERRE, N 2.16, KT 2, 1 ERSGEHERE; LHHERB (N W L ERS RREESHFEN
1.86, 074 2,4 F 1.00 ~2.00 Z 8], 2 MF 43476 HE — R LMW R S (NH) LR G R BE SRR E
AL MERBAY, AR TN S BEH A MES I (SH) M L R0 RS S HnEMNE 1.07, %
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EF LI ERFEEREHEMEE, 4 MK LH
FEAreRE R E K/NRITE J . B BB IR A H (SF) >
JLERMIE A H (NF) > JLEBHA B33 (NH) > BFR# I
He#b (SH) .
24 FREAFHENTEFEFEAFHLRERTES
Ji B P B i 43 B

I —EHENAEEFHLEEANFKSETH
TEFSGERBHNE N, FEHTHXIE AT
BAOBREFHER, SENFREFHAN L HFES
BFHITERB ST, A LEFEHNFERTFRH SR,
SEBE, L REKE ER . HE MR, ®
ERFANERNE MRS MERWNK T, B
BFM3 N ERSW BT TERELET 91.693% , B
HRI 3N ERSEE LA TEINFERFHFER.
HAT3 N EFEAMERETRARETUEH,E 1 F
BASRFERATSREB BE FHHMEMHER;
E2ERAAEFTERATHENBRERNEE ;%3
FEANBREEAATHESKENEE. L#EF
SEFRIRT 3 AN FERA K R TERE N 86.140% , 88
T 80% , ZEA T LA S B i + W0 B F X L HFE D
GEREBMEW. H1 ERSTEFEERAT OM,
INFMTKHEE:; B2 X BEERIAT TP A
APHIERE 3 TR B EERIAT AKHEEL

67
F4 FEHNNEHLMEIENETFHE
Table 4 Weights of the soil nutrient elements of Yilong lake shore
7% Nutrient factors OM N TP TK AP AK

1L E Weight 0.151 0.157 0.133 0.129 0.126 0.304

5 REMMEFIEESRNEFIRIEL
Table § Different level standard of soil nutrient elements of Yilong lake

shore
7 4> A F Nutrient factors X X mid % may

H UL OM (g/kg) 25 71.5 150
2% TN (g/kg) 1 2.2 5

£ B% TP (g/kg) 0.5 0.8 1.2
248 TK (g/kg) 7 14.7 21
B AP (mg/kg) 0.8 1.5 10
HEHE AK (mg/keg) 80 126.2 200

25
b

20 -
&z
* 15 -
wi
= -
&5 1.0
£ 0|
.H

0 L

NF NH SF

X Soil samples

SH

Bs5 FARXKTRFEMFEE AR

Fig.5 Comparison of soil quality between different sample zones

Fo6 TRKSIFHERR
Table 6 The results of principal components analysis

i5h - &1 F R4 Primary component TRE F M4 Primary component

Variable E_PCl E_PC2 E_PC3 Variable N_PCl N.PC2 N.PC3
S8 Air Temperature 0.895 0.331 -0.071
B Air Humidity -0.862 -0.129 0.458 oM 0.926 0.100 0.039
2 E Slope 0.223 0.932 -0.140 TN 0.938 0.191 0.029
7K 4¥ Soil Moisture -0.214 -0.383 0.850 ™ 0.264 0.821 0.294
K Altitude 0.135 0.878 -0.275 TK -0.767 0.315 0.202
HE 5] Orientation 0.830 -0.076 -0.504 AP -0.218 0.859 0.209
L& Slope shape 0.774 0.512 0.089 AK -0.084 0.705 -0.701
¥F1E {8 Eigenvalue 4,304 1,356 0.759 ¥ Eigenvalue 0.926 0.100 0.039
F#RH Variance( % ) 61.488 - 19.368 10.836 F#ERE Variance( % ) 40,823 34,249 11.068
Bl AARE Cumulative( % ) 61,488 80.857 91.693  Hil FMR#E Cumulative( %) 40,823 75.072 86.140

N.PCRELMALPEFHIRS . E_PCRFEFFEEF A EHS N_PC stands for the primary component of the soil nutrient factors and the E . PC

stands for the primary component of environmental factors

FHEETHE 3 ERANLEASSGARBEZEAMNMEERE N 0.500" ", LH BERMAME, B LY
7kEX¢i$%ﬁ%%ﬁ%ﬂﬁﬁ%E@%"ﬁj’ﬁ%*ﬁlﬂ?%% 1 XA 2 ERA X L IR LR G TR Y
WA FEEFHE 1L AIRASBNFASEFHE 2 A LRSS RZ A HEERR N 0.369" ,HIS
BB AR RS A AR WR G ARE TR ERS B3I ERS RSB TR I
ERASBZEMABERESFIN 0.408" # 0.574"" 2R FEMX, I L WA KR B EMEREX + R
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OM.TN # TK W HE K, +tHFTETHE 1 FRSF2 TR LEF S ELERBZEAKWHEXRE S
HH0.843" " F10.388" , A BEMHEEE, HPE 1 EZRSHM INFOM L EFSTEZEHEBENTBRE K,
StHBEHFEFPERFHERS 2B LBRIGA BB EATRESN,BH L RRESGERENENZE
FIEAT RN T WA RE =1.842+0.465 N_PC1+0.214 N_PC_ 2,

%7 IRSHINFRZANEXREY
Table 7 Correlation coefficients between primary components and soil quality

N. PCl N_PC2 N.PC3 E. PCl E_PC2 E_PC3 Q(x;)
N_PC1 1 '
N_PC2 0.000 1
N.PC3 0.000 0.000 1
E_PCl -0.022 0.369" -0.332 1
E_PC2 0.408" -0.292 -0.235 0.000 1
E_PC3 0.574** 0.200 -0.017 0.000 0.000 1
Q(x;) 0.843""* 0.388" -0.076 0.164 0.250 0.5%0" * 1

N.PCRELBHELEFHERSE.PCREFEBEFMEDRS N. PC stands for the primary component of the soil nutrient factors and the E _ PC
stands for the primary component of environmental factors

* p<0.05, * * p<0.01

3 #ig :
£ ] W 2 IX A Bt TS St S5 R AE - B - s BE UR A0 A0 O S 3 S, R B RAAP R IIX R IR IR A

RIX 4K, FEPHEEATIIX, MEAERENTH ASRENBESRENENTR, THRERE
BHRIERER., FCEIEZTEHOHEHEN 77 B8R AR ET 28540 & B8 (8 245 R 14E,
ARAEBEENESARSETEN+ERFIEA TSI SAREER FEEFERI AR TRLHE
DEARBZEMXRS, &5 RKV AP HI G, 5 0 0 + IR E o A R R E LR R AR
A+ 88, K43 B B X R IR R, @ B VUREN — MRS BERMR, 5 —H o 2RBERMEW; R
W B LB S A B BOR/NOHET R BRI AR H > I HBIE R E > AL ERRIES M > B
P SR R G m A AT H PSR ARERER, T REKE HERERY HEANE. 2R
FMeFREmMERA; TEES KBS BEN LS G AORBEWER. A TRAEEARFELEIR
Wl ERAFENE, MRERFANRERBRAREAMPDREMEESHT &, /T L RBCEMEAERN G
B XEAERHE—LMR,
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