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Saturated hydraulic conductivity of soils of typical forests of the south coast of
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Abstract: In order to explore the characteristics of saturated hydraulic conductivity (K,) of the soils of the south coast of
Guanting Reservoir in Yongding River watershed and to assess the function of water resource protection forests scientifically,
this study used typical water resource protection forest stands as study objects, which were compared with local mature
forests and non—forest land. Variance analysis, correlation analysis, and factor analysis methods were applied to investigate
the influence of edaphic physical and chemical properties on saturated hydraulic conductivity, and the forest stands with the
best soil permeability were screened according to the score ranking of influencing factors. The results showed that; (1)
Saturated hydraulic conductivity decreased as the soil depth increased. The saturated hydraulic conductivity of mixed forests
of water resource protection forests was greater than that of pure forests but similar to that of mature forests, among which

Platycladus orientalis and Armeniaca sibirica mixed forest had the highest K, value; (2) Factor analysis indicated that the
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primary factors affecting K, were saturated moisture, soil bulk density, and soil organic matter content, while the secondary
influencing factors were the contents of sand, silt, and clay in soil. Soil capillary porosity and non-—capillary porosity had
little effects on the K value; (3) According to the score ranking of the comprehensive factors, soil permeability in the P.
orientalis and A. sibirica mixed forest was the best, followed by that in the mixed forest of Pinus tabuliformis and A. sibirica.
The present study demonstrated that ecological water conservation forests have the superiority in improving soil permeability,

and that the afforestation project has shown remarkable achievements.

Key Words:; saturated hydraulic conductivity; ecological water conservation forests; soil organic matter; soil bulk density;
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390mm, HIFIEAS FLA W | Frbe L 26 | IR+ T3 B o b b B IX R
FEAAA ( Platycladus orientalis(L.) Franco) JM¥A ( Pinus tabuliformis Carr.) (LI ( Armeniaca sibirica (L.) Lam.)
SR VEARR B EEA T (Corylus heterophylla Fisch.) (55225 ( Spiraea salicifolia L.) % , ELAAE B 3245 2k
¥ (Artemisia gmelinii) \Z=B2 3% ( Potentilla chinensis Ser.) % .
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Fig.1 Map of study area
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FEERAAE R A 152 20mx20m FOREDT , SEF TR0 A, DRI 45 R I3 2, FE e T Hh 4z B34 50 20 A R BEAIL
A SR IN R B 3 AN RAE AL (TR 60em) , $EAT BAERAR SRR 43R 3 )2 (0—20cm ,20—40cm ,40—60cm ) ,
BRI (A TIAER 100em® , B4R Sem, 5 Sem) BUFUR + DL K A SASIORE , b B ) IO 2 08 3 4>
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x1 BHERER

Table 1 Basic information of sample plots

oK ik e i it WREE  pwm

. . Stand density/ o R
Forest type Aliitude/m Gradient/ (°) Aspect Stand age/a ixing ratio

(stem/hm?)
aaisk 1
Pure forest of Platycladus orientalis 1 640 14 A ? 880 /
SRS
AFAZERE I 520 29 1t 9 825 /

Pure forest of Pinus tabuliformis 1l
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Forest type Altitude/m Gradient/ (°) Aspect Stand age/a ( stem/hm?) ixing ratio
WX LI T
Mixed forest of Platycladus orientalis and 600 3 b 9 999 5.5
Armeniaca sibirica I
AR b IV
Mixed forest of Pinus tabuliformis and 594 5 it 9 1021 5.5
Armeniaca sibirica IV
WO bk V
Mixed forest of Platycladus orientalis and 1090 5 [ii) 9 977 5:5
Pinus tabuliformis V
Il [

Mt o of P i U 9 g L /

.

I[\J/[Jaltlllic i})!(re:]tI of Armeniaca sibirica VIl 1080 5 i 2 750 /
St b i AV
ﬁat/if ffrc\jil of Pinus tabuliformis VI 1120 27 T 20 670 /
i hiih IX Grassland IX 500 6 ] / / /
x2 BHAKSREE
Table 2  Quadrat stand survey

e EEHEA EER
Forest type Species of bushes Species of herbaceous
I TIWISEFE Wikstroemia chamaedaphne ZEBE 3 Potentilla chinensis Ser.

3# 4% Vitex negundo L. var. heterophylla (Franch.) Rehd. ALLEHH Bupleurum chinense DC.

1T Corydalis bungeana Turcz.

| TIPASEAE Wikstroemia chamaedaphne P& Carex lanceolata Boott

3 4% Vitex negundo L. var. heterophylla (Franch.) Rehd. JEFARE Thalictrum aquilegifolium

H3F Imperata cylindrica (1.) Beauv.

il| FRA Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chow  #k#T# Artemisia gmelinii

282 Spiraea salicifolia L. PeEF B L Carex lanceolata Boott
\% 31 % Vitex negundo L. var. heterophylla (Franch.) Rehd. BRATHES Artemisia gmelinii

5282 Spiraea salicifolia L. PeEH B L Carex lanceolata Boott

BT Lespedeza bicolor Turcz. A B Thymus mongolicus Ronn.
Vv JTYASEAE Wikstroemia chamaedaphne BRATE Artemisia gmelinii

B3R T Lespedeza bicolor Turcz. P EE Elymus dahuricus Turcz.
Vi T HISE4E Wikstroemia chamaedaphne Z=B%3% Potentilla chinensis Ser.

G243 Spiraea salicifolia 1. BRFF#S Artemisia gmelinii
Vi fZE Rhamnus davurica Pall. ZzBi sk Potentilla chinensis Ser.

2% Vitex negundo L. var. heterophylla (Franch.) Rehd. A ETE Medicago ruthenica(L.) Trautv.
VI ¥4 Caragana Korshinskii Kom. Y02 Adenophora stricta Miq.

JTYASEAL Wikstroemia chamaedaphne JEAA B Thalictrum aquilegifolium
IX / BRATH Artemisia gmelinii

Z2BR 3% Potentilla chinensis Ser.

1.2.2

52 77 1%

AN TR AR E R A RE AR AT IL A (1) 4R BCFE,

_10QL
5 AAHT
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Arb: K, AAAITKCR (mm/min) 5Q AIFE ¢ A H TR (ml) 5 L O 7K AR I BB (em) ;A4 HKIR S
BRI (em?) AH B AR IR AR W E 180K Sk 22 (em) 5 7 0 S [E] (min)

THOKIE S SIRER &, b TET S —XF b, T35 5t — MR HEREE 10°C B A1 T KR %
N, HABTR BT Friml 5 S K R B AR IR T 19 kR, BRSOk R A (2) .

K,
Ko =07+ 0.03 (2)

A K, A 10°C B AT KR (mm/min) 5 K, A t°C B AT S 7K R (mm/min) 3¢ Al A 9K IR (°C)

- ST R T A R, I 2 BRI PRl ok Jal 43 38 o 28 A (AP RE £ 0.02—2mm, 37 : 0.002—0.02mm,
HikE . <0.002mm) AR A K S A BB LB AEE T & FLBUE R PR TR0 5 58 HILTUR FH 4% iR
SAAL-FMm BRI
1.3 #dnab

K origin FAFVER R BT 3.3.1 B4R B A S oK R UEFT BA K 7 224387 ( One-way ANOVA ) F-F]
H TukeyHSD FriE 25 5 i 2 M FHRUE ZE 7 225387 (Two-way ANOVA) BFFE AN [RI AR 28 7 0 1 38 R i ot - g 1
A JOT 0 S 00 5 %o 0 R S K 238 R S P PR T A 7R DGk 4 BT R S 2 VAL - 6T i A5 B 4y 26 e K T e
S R ESET 00T (R T8 5 506 B0 6 B L Abn v AL AR 3L ) | 38 2 T 2 sk ) A R R 7R
TR A IEHF R RS USSR R AR 2 A0 L bt I 2 88 hr a1 T4
SAEST MR T3 Bt , 2508 F 45 S 8038 bn 1 F- 2 1H

2 HR5ITR

2.1 A[FEMRS: T BRI T K AR

2 RALAEARARIAE N O FRE M (IIRAZEAR AR SERR A< LA TR AR Jifiba < L A TR SR 4G <A
TR AR MUAE AR TR B | LA PR T2 kb ) AN [] 1 SRR B 0 - IR RN F Kk 3 B S VBRI 3 3 2ok
A EZ M R SN, 0—20em 12 M1 AT K $ )& 40—60cm + )21 2.77—17.36 i, X /&
K2 0—20em )2 AL s, HgEmEvELr A T IR A3, H IR EE RO ST S L B R A ek
I, SRR R TR RE A KB R 22 0 AT DAHEINT R 222 T HEE S M s R TR R

Fi A+ 2R EE S5 R — 2 AN [ 23 AR AN Tk | B TR A 1) T 388 32 M A2 AR A S OR BB R /MY
RIS I LR 40—60em 12 JE VR ARR BEAT 43 B, 7E 40—60em + 2, 161 A5 /K 2 09 3 Fl A 0.02—
1.98mm/min , (A BUAKAY K, (1.98mm/min) >IHAR B K, (1.2mm/min) > A< AR BRET K, (0.91mm/
min ) >N x LA TR A2 AR K, (0.40mm/min ) > MFT AR K, (0.26mm/min ) >l #1 > 3 #2418 S bR K,
(0.22mm/min) SVHIFALEFRAY K (0.14mm/min ) >PAILEARAY K, (0.11mm/min) >3 5 H 1 K, (0.02mm/min) .
SMRTT DUE 7R A K IR AR AR TR AR AR A T K 3> SRR 19 1R A 37K R TR SRR 22 8] A 40 A0 7K R AR
PEARNK, Hrp A < LA TR AR B AR AN Tk et i, AR SR IR AR P AR5 R L il 20, YR S8 P A 1 R e K R
T MM, 7E 40—60cm 2, MU 1L TR A MRATIH B > L1175 TR A2 MR AR AR TS 7K R 8 KT b, ol
FEI LU A5 TR A2 MR A AR TR 7K SR T AR, 32 Fh A IR AR A AR R OKSF 2341 . #E 40—60cm
T2 AR AR I A R TR R 5 1A TR A AR o3t B adm M g ae ) B Ar, HOR AR
AR AR RR A A AN T K BRI 76 R AR MHE , U B A K TR AR bR S ol R T 408 iy 3 m 7 - geEiE v, B
F AU OR AP AR T AR R A
2.2 AR R A S K FR 5

o3 2 O iR M A UK 28 T I oy 224 T 2 L, RS SR R AL AR AR i A K R R Rk
Bt RORL S RN K A R AL S A A ek 2 S ), A SRR X K R Rk R AR
K 25 EE AN AL A A 3 R AR AR TR ) 58 B FHRHR AN S KR Rt i K
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[ 1 minalisk
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g A< LA R A bk
A AR A A
3% | DA< A TR A8 bk
5 M EEEEEE i gpk
e N A

Mk %
Saturated hydraulic conductivity/(mm/min)

T+ 2% Soil depth/cm

B2 AEMSTEBEINSKE

Fig.2  Soil saturated hydraulic conductivity of different stands

AL A AR R, RPRDRL S A R, X R WA ST - e A B B A AR
1, — 7 AL B BN [R] AR AR S50 ANTR] MR 208 o 24 AR B A= W03 sl 1 - e AL S A RIAL B 5 55—
JT AL AR AR A R T AT S SR AR AR W o i R R IR r B 22 5, A BEE TR
JES, AR Bt 2Bl TR R RIRL & A SO TR O SRR S e AN W, B [
— bRy L SR B A B E T

R3 TRAKSTEBUMFNEAZESNERTESN

Table 3 Two-way repeated measures AVONA of soil physical and chemical properties of different stands

LIRS )
" Saturated . . . TR A K i R ] g
e e Sed gy Wk wp  OAROKR BE  AHURAR
hydraulic . Saturated ~ Bulk density Organic
Factor DF . Sand/ % Silt/ % Clay/ % . 3
conductivity/ moisture/%  /(g/cm”) matter/ %
(mm/min)
MRAPZER Forest type 8 22.79 ** 4.959 ** 10.217 ** 31.283** 3.624 " 12.101 ** 41.45%*
PR EE Soil depth 2 16.89 ** 2.849 1.929 18.726**  11.32** 16.275 ** 78.96 **
22 HAEH Interaction 16 10.96 ** 1.672 2.432* 6.756 ** 8.183** 1.371 16.02**

#x FORTE 0.01 K 1 BEME; " FOR7E 0.05 KF B EMR

A A SRR A o ) i RS A AT RS LR AN T K AR 22 57, O ik — 2D PR BRI B 0 A AN R K R
EPAE IR R ER  ASSCIEIC T R S BPRE SR RPRL i AR SK A B LB AR AL
JEFAHLTE B 8 A5 IR GK A R LA U A8 B EA T ST . 5B R IR S Skt
TR RS HT 5 AT I 2 AN 3R 4,8 A8 5 5 10 I /K R AR DG R B X (EHE Yy - A DL 2 i > TR A
IR > A S AR A FLE R S AL > B FLBURE SRR 5 28 > WKL | AR A K R 5 A T RS L 5 8l 17
R AR, S HAA R UIEAR R IC AR, HARAN oK A5G4 ML 000 5 7K F2 R A i 3R B A i 3 AR 5 Ok
Fo D5 HRTRIBIMI IS R — B — BT R R i ) LR A R ) IR
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F4 WMSKESHIEBUMERIOBEED T (n=243)
Table 4  Correlation coefficients among saturated hydraulic conductivity and soil physical and chemical properties(n=243)
T A
K3/ Wh/% k% KR %

('mm/min)

iR R/ EE£E  BEL  AHUR
KiE/ % (g/em®) FLBRE/ % BRE/%  H8/%

HAIFIK % Saturated '
hydraulic conductivity/ ( mm/min)

KL Sand/ % 0.047 1

WHRL Silt/ % 0.317 -0.455* 1

Hiki Clay/ % -0.050 -0.998"*  0.447" 1

MR 7K H: Saturated moisture/% 0.673**  -0.101 0.324 0.098 1

AT Bulk density/(g/cm?) -0.609 ** 0.193  -0.240  -0.192  -0.897** 1

ifﬁiféi orosity/% 0.327 -0.108 0.102 0.108 0.260 0.280 1

EEFLBRE Capillary porosity/% 0.298 0.004 0.188 -0.005 0.625** -0.522** -0.591** 1

FHHLBT i Organic matter/ % 0.738**  -0.103 0.480 0.099 0.625** -0.483 " 0.254 0.317 1

% FIRAE 0.01 KF B BERISE; « FIRTE 0.05 K EBFEHR

x5 TEBAUERIMENSAKRZMMNETFSH

Table 5 Factor analysis on soil physical and chemical properties affecting saturated hydraulic conductivity

S I
) T € SN \ N HAn Ak : : it
sppgr R ANT gy g BRI g AUy AR
. Contribution/ Common . Saturated . Non- L. Organic
Eigenvalue Sand/ % Silt/ % Clay/ % . density/ . Capillary
% factor moisture/ % 3 capillary iy matter/ %
(g/em™) porosity/ % borositys 7
2.86 35.73 1 -0.02 0.39 0.02 0.96 -0.88 0.30 0.57 0.77
2.31 28.83 2 -0.98 0.60 0.98 0.05 -0.12 0.06 0.00 0.12
1.58 19.71 3 -0.04 -0.01 0.04 -0.07 0.02 0.94 -0.82 0.11

HH DA 23 AT 2 W 114 2 187 B 11 728 6 22 (] A AH DG 3R, A2 DR = (B AH 5% 0 fg 6 FH , BR DUAH OC R BT AN fig
IEW BT Z B EIECR . BF b —M 2wl DB GG B 2B m i ik, i A
FRAN AN TR ) G 22 A figp o D ey 78 i 2 TR AR A DG O 2R o R S o A v & 78 () 36 3 8 A AR AR DG P R 00 AT
K23 BT R4, B 36 4 RTAL JRAR Sl S AT IR 40, 36 5 R R 4y 28 o R Je |, i i 43 Jr 22
DRI AL 7 9 BTSN TE A py ffar, A5 B E AR A B ER- KN,
TR I ) R - 3 ms R R T LU A TR 1 ARy 2.86 , (5 43R 7 2210 35.73% , s A1 1 AR 3 7K i
AREMAPU S E AT AR, FTA S i 4 3L i A SRR e DR A S /K 5 e K, A5 JE K
Z N 2 RFIE(E A 2.31, (5 28 ) 251 28.83% , AN 2 FERPRL & & WPk & R R A A3
AR, AT Ay o e - 38 b i [R5 N R 3 BUARAAEAE Ry 1,58, (5 28 2519 19.71% , AR+ 3 TEAE BB LR
FEFNBAE LR EE b A2 (AR K, HXE - S8 RN Fok SR 052 AR K AT DL 2SR T, | 3 DA F Bty 2
TUHRFEN 84.27% , BENS I WL 43R 1 IR (5 8. . MR 7Kk it S e 1 - S8 S FL B B AR R, 25 o e ke
T AR LR AL S g T AR A, LB EE K K/ NFLBR A BCAE Y, DR [ HES g
W+ HEE BRI Sk AEAA VLR S SRR AR R EE RN R, LR e R g
A TR B NGO 53 BT, HS AV B 208 | 32 B DR R B e - L PR Rl e T R R K R
A B LI EE RN B A LB EE X A R /K A5 M 255 , P RE 2 R T AR DXl -3 o o b + Rk LB 2
ANFEIFR T B LI AR LU A 228 K
2.3 OR[EMSr SR B ML AR

P BB ST I A — T2 AR R R PR 7 23 B S 8 2 D1 A AR 76 B A0 v (1 iAo
BIHEATZE BTN . A SOR I SE K S 32 0 5 - 340 AN S /K 3R | {ELJ2 B 47 RUAR: s AN ] 000 o %) 00 o 235 TR 25 A 25
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5, HBORAS MR G 2ORERBAEA ol T B0 5 07 1 e i 98 0, [l N A AR 2 2 3 il aed 1 e 46 Ry
KR AR - HOK 1 240, B AR RS BORA A 5 £ 0K 12 28, A 2R %, PR AR AR
oy A EE A AT LA R 520 A R g DR 45 0 HE 4 BILAS A1 19 5 22 STRR R D9 AL, i 45 IR i 4Rk
BRBNZEG PR R EOFHT R 205 150 RIE18 0 HEP A5 B R MRy 1 B e R HEAL . S5 2R sk
6, 1] LAAG H A 2K IR oM A S i B HE R O A > LU A TR SRS T x LA TR A ARSI < A 1R S AR
STHAR RS MR AEAR, H A AT < LA TR SR 330 i 1 2 T A b

F6 RN TEEEUEETENES

Table 6 Comprehensive score of soil permeability of different stands

HE44 Ranking 1 2 3 4 5 6 7 8 9
Mo [ITECS ks >l THPA kXl kA I kA e
Forest type 2% B IRSSH Sk AIRZSHR MRz 4lidk 4l .
Lia o

0.710 0.552 0.348 0.314 0.055 -0.298 -0.407 -0.580 -0.693

Comprehensive score

(1) A AN T K 3R SR BB TR0/, AELAO0S R2 S5 i M ) s R T IR E 4 K IR P AR
FR SR BN K R T AR AT T AR, 15K D AR 7 bR SE AT AT I 2 A 4% HE UK B 4 ) A JRUBR IR RCR
AR L RTR, AT K PR ORGP AR S 7 1 A4 e UL ] I S PR B s

(2) PRIy 2T % A SR S A A2 A S 5 P i3 v T AR AN [ T AR R 254 AT sl 5%
(LK ot/ N [ TR o G e w31 v A B X e 5 P =8~ e we 82 A G T R A (R S ) 2 954
EEAY N RS KR A E A AL i YO BN O SERL R MUK KL e, R A LR A
BB LR BE R A X I AL TR B AR, (AN SR AR N K IR G AR DD RE Y B 248 AR , S\ 357 T
R R BRI SR AE ), T X 2 B R [N 1A TR R 3 o DRAR AR T AT AR AR B 5 IE , 4 AR R )
S 1R B A, DTS AL 5 3 5 48 bk 20 ol 22 R P o AT BT 5 ok Bl A

(3) NG TG 3RO A LAONAR < LU AV IR S AR A 1 3 il B M i AR x L AV IR AR IR Z . O T4
SOKGE A AR S R ST, AR IRk R R K R, B4 BT K 2R B, SRk i B RN A | H S Rt AR 2K TR AR
E7al NI T V0 78 i< R U2 A N 2 e 1 E R TR vy

(4) TSR A A AR DT B R A SO AFTE AN 2 Ab o R4 5 BB 58 N 2% JE AR A 2=
FIARPRAS AR AN K SR AR | 16 O AR B DS AT R, S 5 B B (5 R T

2% 3L Hf ( References)

[ 1] e, &En, s BURILAR R AN SRR TS, B2, 2013, 50(3) : 469-477.

[2] %<&, Rbivy, THHE, 6, XI&, HEE, TEF Sl o MEmRmRRIE S e, hERLRFEREE, 2015,13(2)
83-91.

(3] ZRg, g, s, RRY AR MR R RRE BT EHERE M. AEZ52IR, 2013, 33(5) : 1535-1544.

[4] WangS, FuBJ, HeCS, Sun G, Gao G Y. A comparative analysis of forest cover and catchment water yield relationships in northern China. Forest
Ecology and Management, 2011, 262(7): 1189-1198.

[5] R, Aemm, S, FRmems, RmEnn. B0 DA R R 7 e B A A A B CRIHIE. K R fR$52441R, 2015, 29(3) :156- 160.

[ 6] HHRSC, kb, e, 2R, FF. =2 DM RURR B 4P AR L SR A SRR AE AT 72 j mObRll R 272 4. FARBMAR, 2018,
42(5) : 99-106.

[ 7] Western A W, Blsschl G, Grayson R B. Geostatistical characterisation of soil moisture patterns in the Tarrawarra catchment. Journal of Hydrology,
1998, 205(1/2) ; 20-37.

[ 8] Warrick A W, Nielsen D R. Spatial variability of soil physical properties in the field//Hillel D, ed. Applications of Soil Physics. New York

http ; //www.ecologica.cn



18 4 S—FiE A TR T K R R LA b R AN SR RS 9

[9]
[10]

[11]
[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]
[20]
[21]

[22]
[23]

Academic Press, 1980; 319-344.

g, B, e, R0 ?ﬁl:ll!/\i‘ﬁ%ﬁit/}(EXTj:f%%LE*H@7J<}:E’JE‘DI'] AR, 2009, 29(2) : 636-642.

TF, BB, B, WA, FRBR, w008 AR PR R M AR R K R L e R R AT, RO SRR, 2016, 24(6) .
1254-1262.

REY, T, TR LIRS KCREHE 5 m P EPH5E. 3G, 2014, 45(3) : 601-607.

sRAhAE, IS STRET ) MOP. Vi RIEA MBS Rkl T %ﬁﬂzﬁ’ﬂaé%’i rRE AL AR, 2003, 11(1) : 74-77.

XUER], BEOZE. B A o I b 38 2 3R R S K R FIK 43 & d s )R S ARAE. DK ORI 2009, 7(1) ¢ 13-18.

PN BRIV ) AR ) b X 2 H AR /K 5 00 - A% i3 bR zwnw] WEFTIERR . NS Al RS, 2014,

Wi, Bmah, TR, 250558, EARY, SRme. v B B R H b A AN SR A S0 R 2 S i e s AT 9. b B AR SR 2 3R
2014, 22(7) ; 790-797.

T WRER R, sk, FAAMT, BER, HOFRAE. 20 X SR I A B R K R R e R R Y. MK 29, 2008, 27(4)
67-69.

TRk, BTERAE, W), B, BT 20 L XU REA E EAGKRS ST TRIXAFTE, 2018, 35(2); 315-324.
SO, BREERS, s, oM, mhasad, TIemk. TR 35 R AR R R E RN R K S 43 AR SRR, NFZE SR, 2014,
25(6) : 1585-1591.

Faksy, ZIUGEI MR RIS @B . )M B, 2016: 185-186.

TERA AL PR 1L B s X 56 €0 A AN K R AL 38 sRACFSE [ D] TR PR K, 2017,

SKEE, BEE, BNNE, KA K, TR, 7008, EPERRE LA U R SOk R m R 3 K AR, 2013, 33(6)
57-61.

PR, WRARS, EARE, 2l R X H 2R 253085 vh - AR Sk R P9 /K AR Reil A, 2000, 20(5) : 11-12, 59-59.
AMGIE, £, XV, R0, 22T, M7 SR R ORI e 22 F M4BT, K AR, 2017, 31(2) : 97-102.

http ; //www.ecologica.cn



