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Effects of structures of plantation forests on soil infiltration characteristics in

source water protect areas in northern Chongqing City
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Abstract: Soil infiltration rate is an important index in evaluating functions of soil and water conservation, which depends
on many internal and external factors, and is closely correlated with forest types, soil structure, soil types, and intensity of
rainfall and so on. It is also the a key factor in modeling soil water movement and erosion process where, The goal of this
study was to determine the effects of reforestation methods that employ different water conservation forests on soil infiltration

capability in northern water source area of Chongqing City. We used bare land as a control. We measured soil initial
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infiltration, stable infiltration, average infiltration and accumulative water quantity as soil infiltration capability, and
determined the relationship between soil infiltration capability and soil physical and chemical properties under eight models
of water conservation forest practices. The results showed that the soil infiltration capability values were significantly
different in different forest models and different soil layers in the same forest. The soil infiltration capability declined with
the increase of soil depth. Vegetation covers had no effect on the haplite soil layers. We found that the infiltration capability
of all forest plots was higher than that of bare land. The order of soil infiltration capability from high to low was: Lindera
kwangtungensis Cunninghamia lanceolata forest > Pinus massoniana Cryptomeria fortunei Hooibrenk forest > Gordonia
acuminate Symplocos setchuanensis forest > Phyllostachys pubescens Symplocos setchuanensis Pinus massoniana forest > Pinus
massoniana Lindera kwangtungensis forest > Pinus massoniana Gordonia acuminate forest > Lindera kwangtungensis
Adinandra bockiana fores > Phyllostachys pubescens forest > bare land, and the test eight models of water conservation forest
could be classified into four groups, based on soil infiltration capability. The first group, L. kwangtungensis C. lanceolata
forest and P. massoniana C. f. Hooibrenk forest, had the strongest soil infiltration capability, and the second group with a
stronger soil infiltration capability was G. acuminate S. setchuanensis forest. P. pubescens S. setchuanensis P. massoniana
forest, P. massoniana L. kwangtungensis forest, L. kwangtungensis A. bockiana forest and P. massoniana G. acuminate
forest were classified into the third group with a relatively strong soil infiltration capability, while P. pubescens forest and
bare land belonged to the fourth group. In the eight reforestation models, L. kwangtungensis C. lanceolata forest, was best
in improving soil infiltration capability. The role of P. pubescens forest, however, was the least. Because bamboo pure
forest cover was largest in the study region, and the bamboo forests played a poor role in improving soil structure and
infiltration capability, bamboo forests should be managed by increasing the proportion of other species of mixed forest soil to
enhance soil infiltration capability. A common empirical infiltration model could give the best performance on the infiltrating
processes in the eight forest models, followed by the Kostiakov and the Horton model. Correlation analysis showed that soil
infiltration capability was greatly affected by soil physical and chemical properties. Based on the correlation analyses, nine
factors, which have extremely significant or significant effect on soil infiltration capability, were selected. The
comprehensive parameters of soil infiltration (@) and soil physical and chemical properties () were obtained by the
Principal Component Analysis, and the linear regression models of five indices of soil infiltration capability and the
comprehensive parameters (« and 8) was built. These research results may be useful for local reforestation campaigns in

term of tree species and forest community selections.

Key Words: Northern Chongqing; water conservation forest; soil infiltration capability; soil physical and chemical

properties
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2.65) 1 120 min BBEEE(F =2.48,F s =2.65) &H ZNNRHEZRIIARE , i TIHE RN FRZ, %2
MR REVFIMR D S FEHNR AT IEUD , H E B B R AR
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Table 1 Tree species composition of water conservation forest and characteristics of plot

FE4b, Plot " TR R wawmE 23} 3 IR
(RFhAH AR iﬁ& rﬁ:étWﬁ: Average  Average HBPA B Stand Al{ft;ﬂi Slope ;?['Ej Soil
Models of mixed e’ ted forest DBH height Coverage  density/ ude degree opet depth
forests) assoclated forests /em /m (# -hm~2) m /(°) aspec /em
1 il oy
E. Korthals 0.22 2.74 0 2200 825 2 98
| L& x | " 10. 12.7 .7 NW
PRS2 x pa il HEHALET
g7
N. aurata
2 il oy
Er x WH WAL x  E. Korthals, 10.78 10.55 0.8 2900 810 17 N 131
DM 2K C. lanceolata
3 g et
DR x JT&K I S setchuanensis, 14.59 12.35 0.7 1400 790 20 NW 123
A V4% # A. bockiana
4
10.95 14.91 0.6 4600 800 13 NW 113
X %
5 g et
P4k L A X S S, setchuanensis 10. 88 8.95 0.8 2300 810 10 NW 75
6 Witz
R x B C. fortunei Hooibrenk 8.52 5.99 0.4 1100 770 20 N 124
7 g )i g
S. setchuanensis
x X I ’ 12.93 8.98 0.9 3100 850 15 N 92
;;mm*ﬁl )i HEHALET
" N
. aurata
8 A C. lanceolata,
LM x Wik milbg 8.2 7.3 0.8 1510 760 21 NW 86
L5 S. setchuanensis
9 #iHth (CK) 860 15 N 85
1: Gordonia acuminate X Symplocos setch is; 2: Phyllostachys pubescens x Symplocos setch is Pinus m jana; 3: Pinus massoniana

Lindera kwangtungensis; 4. Phyllostachys pubescens; 5: Lindera kwangtungensis Cunninghamia lanceolata; 6: Pinus massoniana Cryptomeria fortunet

Hooibrenk; 7 Lindera kwangtungensis Adinandra bockiana ; 8 : Pinus massoniana Gordonia acuminate; 9 : Bare land

NERE T LB AR R 2R L IRB B2 57, URPIB BER(X,) RBR(X,) JFHB
BEAR(X,) FIAT 120min SBER (X,) APFESEIRSEAT ERI T (R 2) o GEREH, BT ERS T ZER
PUTHR A =1k 98. 74% LR T BB 2, FREBKMRD. Ko XL | - RERNEEREK,
T TR 93.4% . AT RATERY,H 1 Elo AR MIEMBMZEAK, HIUHT 120min HE8E

x2 TWEERIHSAN
Table 2 Principal component analysis of soil infiltration

% Parameter F 843 Component
Pl P2 P3 P4
X, 0.9327 0.3526 0.0715 0.0238
X, 0.9494 -0.2969 0.0975 0.0328
X; 0.9859 -0.0231 -0.1629 0.029%4
X, 0.9963 -0.0243 0.0014 -0.0826
FFAE{H Eigen value 3.7359 0.2136 0.0412 0.0093
TEERR Proportion 0.9340 0.0534 0.0103 0.0023
ZF5EHk 3 Cumulative proportion 0.9340 0.9874 0.9977 1.0000
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Fig.1 Soil infiltration of different soil levels under different water conversation forest
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BRI A [F] 2 IR 3B B M RS 43, FF AT HEIT

M 3 /E AR K IR R TR AR ) + 5808 5 M R X Bl - SR R BE R3S T R A, BOR R )2 38
BEEHEFE A AR (B7E A AB.B 2, 8 FibkibH A 5 SHEH BT AR I x B2 ARIRSCH b 1 88 B PE R
47, LA 8 SR RI BAT bR 2, (BT, Wik F C BN RRZ , AR /N, B SC iR i 7E
ZEAH IR BN EFARE F ST =EREFEER . NG TR KE, ] RILAKB x ZK
IRASHE 38 B AR, R S RS x MIAZIR Sl (Kpeil st ) , DABAT SRR i 25 . Hh LT R
AR x FZARIRASH L B BT 2R TARE A AL R AN R s s, HIREEEY,
MR R AR RS, iz LR R Z , LAV S BEE , DB . DR xR
MHBIELIR H Tz e S AN KOBeii it , 3 S A ORI AR K, B LA VUR & B & AL

F3 FEEKIEHME T EEEETH

Table 3 The evaluation table of soil infiltration capabilities of different models forest
A JZ A layer AB JZ AB layer B Z B layer C )2 C layer RNV EVAS .
R Plots— fsy ¥ 145 HeF 185 H7 45 By Averse () ination
Score Ordination Score Ordination Score Ordination Score Ordination score
1 1.1392 4 0.3241 3 -0.4785 6 -0.6444 5 0.0851 3
2 1.2717 3 0.1322 5 -0.4278 5 -0.6700 6 0.0765 4
3 0.9709 6 -0.0472 6 -0.1534 3 -0.5924 4 0. 0445 5
4 0.3968 8 -0.2424 8 -0.6291 8 -0.4964 2 -0.2428 8
5 1.3547 1 0.3241 1 0.0852 1 -0.5335 3 0.3076 1
6 1.3530 2 0.2654 2 -0.2136 4 -0.7629 9 0.1605 2
7 0.5450 7 0.2282 4 -0.4890 7 -0.3853 1 -0.0253 7
8 1.0935 5 -0.1352 7 -0.1500 2 -0.7021 8 0. 0266 6
9 0.3152 9 -0.2929 9 -0.6657 9 -0.6999 7 —-0.3358 9
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Fig. 2 Scatter plots and cluster of the first two principal

components

BBEG; BT x WL x 5 BAMR ISR D RBAR x T AR LIS BUR SSHK AR LA x P91 [ A7 A 1R e bk, T
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Table 4 Classification of soil infiltration capabilities of different models forest

25| Grade JK AL EY Models of water conservation forest &ﬁ‘lﬁﬁﬁ .
Infiltration capacity

512 First R ILAR x ARIBAEHK L. kwangtungensis x C. lanceolata forest; T EEAN x MIFZHK (K Bl RF Best
#h) P. massoniana x C. fortunei Hooibrenk forest

45 2 2% Second PUNIFsk 2% x PO I ARIR A8 #K Gordonia acuminate x Symplocos setchuanensis forest 4T Better
FAT x P x B EIATRISH P. pubescens x S. setch is X P. massoniana forest; I

3 9 Third S x TR ILEIHUE SR P. massoniana x L. kwangtungensis forest; |~ %5 1A x U145 iR # Good
AZHK L. kwangtungensis x A. bockiana forest; ThEAN x PUJI| K3k ZKIBAZHK P. massoniana x G.
acuminate forest

45 4 2K Fourth BATLEAK P. pubescens forest ; #: bare land 2% Poor

3.2 AFREEAKEMRTRAB RS

BREFKSABRBAERE L, AL AN ARG R LI0HR U Green-Ampt A3 |
Philip /43X, Kostiakov 225 /A Al Horton R4 | AU A AT ABFSE R, ¥ 4 MR8 N T 5%
XH R 8K 5 AR BRI SR AR FZ IR HIBA S SR .

Kostiakov 2>

f(&) =a™ (1)

KA (1) WABER ;e WABIE] 0.0 FESH

Horton /F ft) =f£ +(f, -f)e ™ (2)
K () AL 0 BS503R0 FARB 8 hEK S

Philip /A5 f(t) =0.58: 7" + A (3)
XA, S HRE R (em/min™’) ;A HFRBHEE,

WAZK AR ft) =a+b™ (4)

K () WABEE ;t AABRE] ;0.0 NERSEE UGS

GER (R 5) RM, BN AFERK I A 4 A EFETIE K B 2K, BRI S REFEESR .
HAE 4 FRABIREIA R R EL(R) WT LA ), oo Kostiakov 72L& PR EEH 0. 548—0. 983, Horton Jy 2 HIA
PRBED 0.624—0.955 3@ F &K 7 ARl a B 0. 641—0. 993, 7E 45 MK A BB H 8 &
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IR 18 />, 5 BB 40% , Kostiakov 5 #2 13 4>, Philip 52 9 4>, 1 Horton FHE RA 5 4, {05 BB
11. 1% , R\ 4 MR LK AB SR RS, @ L5 YR M, Horton 2R &2, #
2206 77 AR FUAE TR R A 9% X /K VR IR T bRt 3 A\ 8 RRAIE AR

F5 FEKEHRBRERRTENESER
Table 5 The soil infiltration models of different layers in different forests

5 24
ﬁéiﬂl iggfk Kostiakov fﬂ R Horton —}J‘ﬁ & Philip fﬂ @ c EH ,J:dnﬁjj:ﬁ " e
Plot  Soil layer  Kostiakov model Horton model Philip model ommon prnenc
mode!
1 A y=11.099: %155 0.873 y=5.452+3.049e "3 0.916 y=7.18:""2+4.997 0.682 y=9.988 +0.99; "% 13 0.907

AB  y=0.787:7%%%  0.770 y=2.991+3.461e %% 0.895 y=6.876:"2+2.218 0.967 y=6.479 +0.813; %27 0.945
B y=7.291t7%27  0.974 y=0.313+0.341e %% 0.929 y=0.726:"2+0.248 0.815 y=0.702 +0.087¢ %2 0.818
y=0.798: %1%  0.865 y=0.327+0.286e %1% 0.820 y=0.548:""2+0.348 0.721 y=0.721+0.073 %% 0.904

2 A y=12.3117%%20 0.942 §=2.808 +4.453¢ 7005 0,920 y=10.338:72+2.053 0.833 y=8.928 +1,344¢ 031 0.986
AB  y=2.703:"%%!  0.932 y=1.058 +1.068¢ "% 0.853 y=2.225:""24+0.706 0.879 y=2.132+0.275;%%! 0.943

B y=2.54770B1  0.903 y=0.719+1.272¢ "% 0.929 y=2.449;"2+0.514 0.890 y=2.09 +0.305; "> 0.965
y=1.046:"%4%  0.934 y=0.232+0.481e %% 0.868 y=1.002:""2+0.055 0.956 y=0.675+0.118; % 0.934

3 A y=2.386t 7023 0.548 y=2.179 +6.039¢ "5 0.955 y=14.166t 2 +0.853 0.883 y=10.062 +1.787¢ %%’ 0.983

AB  y=17.396:%%7  0.962 y=0.819+0.911e %% 0.663 y=1.78:""2+0.686 0.876 y=1.841+0.224s%2% 0.970
B y=0.208: %1% 0.651 y=0.134+0.112¢ =% 0.636  y=0.359:""2+0.11  0.762 y=0.333 +0.043¢ %27 0.749

y=0.379:"%217  0.671 y=0.099 +0.203¢ ">%* 0.624 y=0.209:""2+0.078 0.619  y=0.2 +0.023; 168 0.653

4 A y=2.386t 7022 0.976 y=0.858 +1.292¢ %% 0.888 =2.388:""2+0.603 0.979 y=2.071+0.279; 2 0.936
AB  y=1.247:7%1%  0.959 y=0.835+1.074e %%% 0.810 y=1.767t"2+0.645 0.970 y=1.682+0.194;~%" 0.817

B y=1.777t"%"7  0.887 y=0.802+0.351e %" 0.954 5=0.765:""2+0.713 0.908  y=1.2+0.094¢ %1% 0.958
y=0.531"9%  0.747 y=0.4+0.093e %% 0.713 y=0.187:""2+0.395 0.601 y=0.522+0.025; %% 0.765

5 A y=31.067:7%5%  0.983 y=4.095+11.403¢ ~% % 0.955 y=25.914:""2+0.395 0.953 y=16.71+3.13;"%% 0.973

AB  y=12.276:703%2  0.956 y=2.92+10.432¢ ™% 0.954 y=21.186:""2+1.584 0.930 y=14.915+2.557; %% 0.948
B y=21.82:703%  0.982 y=2.411+4.751e %" 0.918 5=10.525:""2+1.496 0.866 y=8.409 +1.346¢ %3 0.991
y=T.347:7%95  0.646 y=0.341+0.089¢ "% 0.632 y=0.005""2+0.369 0.621 y=0.349 +0.015; %5 0.641

6 A y=14.243:7012 0,921 y=8.574+4.881e OO 0.887 y=8.722:712+7.876 0.829 y=13.554 +1.102¢ 0112 0.926
AB  y=16.121:7%%5  0.962 y=4.933 +6.018¢ %" 0.918 y=13.721:""2+3.74 0.847 y=12.822+1.773; %% 0.989

B y=3.576t %1% 0.974 y=2.122+6.018¢ %" 0.784 y=2.371:""2+1.811 0.858 y=3.357+0.3;"%1% 0.962
y=1.167:"%22  0.965 y=0.552+0.368¢ "2 0.905 y=1.041:""2+0.326 0.910 y=0.993 +0.129; "2 0.973

7 A y=0.349/%%  0.741 y=3.346+2.217¢ "%%* 0.884 y=4.209:""2+3.014 0.807 y=5.789 +0.541 %137 0.932

AB  y=6.236:"%17  0.911 y=0.818 +0.984e % 0.919 y=1.767:""2+0.587 0.986 y=1.664 +0.204; %' 0.921

B y=1.843t7%17  0.967 y=0.404+0.111e "% 0.724 y=0.343:""2+0.389 0.752 y=0.618 +0.045; %% 0.888
y=0.642:709%  0.865 y=0.312+0.168¢ ">%* 0.892 y=0.343:"2+0.389 0.757 y=0.516+0.175¢ %11 0.823

8 A y=11.85:7%316  0.962 y=2.865+4.599¢ %% 0.916 y=10.292:"2+1.977 0.865 y=8.744 +1.318; %31 0.993
AB  y=2.681:7%17%  0.973 y=1.227+1.314e %% 0.937 y=2.388:72+40.996 0.979 y=2.463+0.279: 1" 0.935

B y=2.169: 7012 0.870 y=1.285+1.051e %2 0.881 y=1.767t""2+1.072 0.970 y=2.109 +0.194¢ %13 0.817
y=0.722¢7%27  0.851 y=0.361+0.145¢ %95 0.844 5 =0.548:"12+0.242 0.721 y=0.615+0.073; %27 0.904

9(CK) A y=3.314¢7016  0.964 y=1.972+0.97¢ %% 0.629  y=2.1:""2+1.784  0.867 y=3.151+0.266: %7 0.960
AB y=1.856t %1%  0.883 y=0.956+1.041e "%%* 0.857 y=1.767t"Y2+0.734 0.969 y=1.771+0.194; %1% 0.813

B y=0.474¢7%%7  0.745 y=0.342+0.082¢ %% 0.763 y=0.187:""2+0.336 0.651 y=0.464 +0.025¢ %% 0.764
y=0.356:"%28  0.637 y=0.129 +0.153¢ ~1% 0.718 y=0.359"Y2+0.066 0.762 y=0.289 +0.043; %2 0.749

3.3 BEALHERTEE AR
BB X, , HIREE N X, , HIROIR B /KRN Xy, BALBRBEN X, , BELBRBE N X, , R BEFLBUE
i Xe, FLBREC A X, , pH B X , AR E BN Xy, 2 NN Xy, 2 Py Xy , 2 KN X, , BN G X5, AP
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N Xy, KN Xos , ANBIERA Y, RBRA Y, , FHBERN Y, MBERN Y TR

GERFWI(FK 6) , AR /K IR IR A - e E 1 5 B LB AR BE LB B BE EARK,
HSHRAEERBE AR, 5 HIREE RS KR BELBREMILRILM AN RE ., —TEAUE
H, TIREIR KRG BBEIER RN B3 X AT RER i T X 3K SRR B B, A 3 X 4 395 7k R
WE R HEKRERARE . A—THAE N, TREEBELBREM S ERK, TIRNB BN ; TRE
EHOR, RIRWES, LIRS ENEE. LRBENER S EBEARERBEMX, SBELRXRALE
%, HAEBE LB TR B E EE R

F6 ITHMBAMRESEUHEXXRER
Table 6 Correlation matrix of soil physical and chemical property and infiltration characteristics

Sﬁ%ﬁﬁ;ﬁn Xl X2 X3 X4 XS X6 X7 XS
Y, -0.2253  -0.4928** -0.052 0.4243 ** 0.2313 0.4901 ** 0.1856 -0.4371**
Y, -0.274 -0.5159** 0.07 0.4756 ** 0.0834 0.4722** 0.0113 -0.3732*
Y, -0.2575  -0.4924** 0.0295  0.4735** 0. 1486 04917 ** 0.0821 -0.3860*
Y, -0.2599  -0.4977** 0.0362  0.4759** 0.1397 0.4778** 0.0723 -0.3797*
Sﬁ%ﬁﬁ;ﬁn X9 XlO Xll X12 X13 X14 XlS
Y 0.3813* 0.5384** 0.2591 0.1582 0.4667 ** 0.3922* 0.5090 **
n 0.4063* 0.4904 ** 0.2293 -0.021 0.5624** 0.3959* 0. 4660 **
Yy 0.4177* 0.5309 ** 0.2863 0.0521 0.5579 ** 0.3792* 0.5094 **
Y, 0.4185* 0.5285** 0.2801 0.0432 0.5628 ** 0.3693 * 0. 5058 **

*P<0.05; * * P<0.01

AR IR SR bR LB M 5 4 N B N G K B AR B3 IEASE, SAPUR A P B BEIEMRE,
52 P 2K XRAAEE, pH HESVBRERBE MK, SRER FHBERNEELEE BE MK
(£6)o ATLLVA H MR R Z 1500 TRB EE R L B 3 Fe il B2 N, BSR4 A LR
FRXANFEERIRNZ 5O0RE T TRIE NN, RN BXR B L IRB BRI HES . pHES TIRBE
PERE B3 TSR, R 2 508 SRR BN B3 SR ¢, T BB i T X R TR B ™ A X 35, pH EHIHD,
Festh pH fH 3.70—4. 44, HHERIMRPERER . ARSUR BRREAR ™ ERR R, pH ERK, HHEHSH M
SCHANE G A RO, TR TR E 4 B , AR TR T . B, A B K R A1
T K AERANE B R, R 2 2K ®7 TREBUERERD DA
ﬁﬁ"ﬂ*#’é‘ W5t =, JZ‘FQ?WF{E &+ iﬁ% e ﬁE E‘Jj(% AR Pk A Table 7. Principal Component analysis of soil physical and chemical
BT A S E R, R T B , T

F 4> Component

MR B RS 2% Parameter - - -
WIELES S B R R A O 4 i 45 B Z0.8198  0.0921  0.2270
) e 9 _ FT B 0.8032 -0.4170  0.6318
ﬁ'%Ji?%i'—ﬁiﬁ%é*ﬁﬁ?‘a“%ﬂ*&ﬁ%ﬁi%*ﬁ%ﬂ@ . 0508 0538 0 0u3
HF: HIEAE (L) HILBE (B,) AEBE LB E B ~0.7836 -0.1319 —-0.0699
(B;) .PHAE(B,) AHEETE(Bs) &N (Bs) HRL Bs giiﬁg g-?ﬁ‘g ‘g-ggzz
N (B;) AP (By) B K(B,) , 53 A HIAT TR ﬁ? 0.7938  0.458 —0.1797
SO (ET), ERER, HIEEMAERSE 1 E840 B 0.7979 —-0.6218  0.0783
FrE TR 78.15% , B A LM RAES 1 B4 B 0.8985 -0.1543 0.1017
. HEAEA Eigen value 4.6241  1.0074  0.8109
EMAREIAE 0. 7185 U b, Hoh AV EE 5t Proportion 0.7814 0.1119  0.0601

TEHE 1 HoEr N Rk, K 0.9566, + 3% pH 1B ZFTIWLH Cumulative proportion 78.1468 87.1564  93.1599
AT B R/, Bt 3k 0. 7836, R B 5 13k B B
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BEMCH LIRS | FRARBETHLERZBEHER, H7#N B = -0.38128, +0.37358, +
0. 37628, —0.36448, +0. 44498, +0. 383383, +0.36918, +0.37118, +0.41788,

H G, 258 IR B B F W a5 R, o F B 70 AR T dE v | IRV IR LT, T E
X o BTEBBEWGESE B N HEBAMERSE, URPIABRER(Y,) RBEE(Y,) JFHBEHRF
(Y;) fl 120min BB B E(Y,) MIBEELGEE S o WARELE RS S0 R R, DRSS 5
(B) WbRHEAL E A48 B AR B HE T EE 4, BRI [T 52 Y, = 1. 6274 +2. 15898(R* =0. 6011, P =
0.0001) ;Y, =1.13 +0.9448( R* = 0.7136 P =0.0001);Y, =1.3798 + 1. 53828(R? =0. 6396, P =0. 0001 ) ;
Y, = —0.3332 +0.81138(R* =0.8596,P =0.0001) ;& =0.6565 +1.57078( R* = 0.8722, P =0.0001) ; #4j3%
B B ZEIKF-o

®8 TEEEURREBUMRNELERSHE
Table 8 The first principal component characters of soil infiltration and physical and chemical properties

J7 2 TR

Z%) Parameter F 5 /72 Principal equation Ratio of Variance /%
+ 3% 31 Soil infiltration a=0.4826q,; +0.4912a, +0. 5101a; +0. 5154a, 93.4
B= -0.38128, +0. 37358, +0. 3762B; - 0. 36448, +
+ 3 BR{L R Soil physical and chemical properties 0.444985 + 0. 38338 + 0. 36918, + 0. 37118; + 78.16
0. 41788,
4 HFit5iie

(1)@ 8 FhA A E ALK P SR AR ( ABRM X IR ) B L3885 th, &4k A (AB B 2+
B BB RS, LB B VL RERE S TR L A58 I T 98055 , RRAO AR ) s B4 P 8 - S % BE i 44
TS E IR M CRTRNBENRERAERE, B TIEN TRERIZ, 2D BRI FEH 555
FARMFHIRNAE/N . 8 PRSI K IEA I 1 368 E NV BE X 4 TR, B4 b T 3B B BE /MR D - 7R
IR x ARSI (0.3076) > Hh Ak x MIAZIRSSHR (K eidkit) (0. 1605) > PUJIIRSk 2 x PO LA IRSS AR
(0.0851) > BT x PUJI LA x THEAMESCHR(0.0765) > ThRHA x J" AR ILISAHEESIAKR (0. 0445) > DM x Y
NIRSKZRIRSSH (0. 0266) > AR ISR x P01 AR iR Sk ( - 0. 0253) > BATHAEAK (- 0.2428) > #i i
(=0.3358) , LA AR ILIEAM x A2 RIRSCH 1368 BRI, BERATE /K IR IX LA AR LIS BURIAZ AR 38X Fh
BRI T BB B3, A BATsiMh R 2, XU T SRk BN S B 50 IAR , AR R bk 4t £
BB BN A BT A B 22 , X SAF G, TAHT I8 -5 B AR SR 9 19 )1 LA AR IR S AR
o+ BB EVENAR IR, BT ABAT A0 B0CE TR A5, R M TR BV E B . Ik, BE A NEXIX
TEARE AR X BB AR

(2) TMAB S RAEMEEREY AE 4 BN LK AB SRR @A &% T e MR R,
Kostiakov JT LG HORIKZ , Horton J7 FEBUR Be 22 o 18 FHA B 7 22 HUBE F TR A BF 53 X K PR 57 K
Ho HIRA BRI RIRREL

(3) AEBTFE L3 B UG 48 i M RN, ) 2 Al 2 P R A I K 22 Rl 5 3 BB &5 B 48
PREBEAT AT, T 3SR 1R X 1368 LR AT S B> , AR SCGEE BT TS 3SR et A MU & &
pH {H .4 N 4 P 4 K 3 N AR P H#AL K #8053t L2 #Emm , R IR T AR & 250, 1.3% pH
fH. 4 NHEAL N AR P MR K 8250 908 E P RE , AR A A I T A3 3 A AL L 3 d R 7 X 8 i
WEA BERW, LR SGE DR EA B R R, RSB, W ERP A EE, £
ShANE X EGE TIREREBIEZEA , TR LIRS ENERE . HAN, AP TR IIXIX 13 pH [EX 8 5
PER I B, XIS B BTN £ pH (5 B B R A BE R AT AR R i T X X R T IR
FEERIHLX, SRR E W RIS A — R R . R, SRR AL B TR W S i M L
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AR @ o5 BB MRGE L IRRACA TR T — 25T

(4) T RZUFEMIL BB B ZE PERE LS ZZE LIER T8 EBRR LB R %18
PREIZE S, X FPBE S AT A bk 1 3R B B RE R T A AN T o ANREFR T I, X I P R R 318 R L
B FRI YR ERRARREL BT ES E R S RBWM KR, I T2 - LIRS &R IFM A
LB EVEREE MR . UL, AT R A E IR Z 16RO LLBOR Rk 268 L3 B ERE . & oo
BT, SRR HIEB B RS BB (a =0. 48260, +0.4912a, +0. 51010, +0. 5154, ) FIFEAE B 3F 500 + 35
BB BALIERIER LSS58 = -0.38128, +0.37358, +0. 37628, - 0. 36448, +0. 444985 +0. 38333,
+0.369183; +0.37118; +0.4178B,) , T LIFHMBHEAE(Y,) RBER(Y,) FHBEHK(Y,) BE
BE(Y,)MBERREGEE S o UKS HEE BN T E XK B RERRNLGES S B H BT,
Y, =1.6274 +2.15898(R* =0.6011,P =0.0001 ) ;Y, = 1. 13 +0.9448(R* =0.7136,P =0.0001) ; ¥, =1.3798
+1.53828(R* =0.6396,P =0.0001) ; Y, = —0.3332 +0. 81138(R* =0. 8596, P =0.0001 ) ; & = 0. 6565 +
1.57078(R* = 0.8722, P =0.0001),
Brigh: B2 6 R B RGN K P 8 IR AL SRl R 27 55 S22 Jxe SCE B AR M HE Bl o
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