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Distribution of soil macropores and their influence on saturated hydraulic

conductivity in the Huoditang forest region of the Qinling Mountains

LU Bin'?, ZHANG Shengli"* ", LI Kan’, MA Guodong'

1 College of Resources and Environment, Northwest A&F University, Yangling 712100, China

2 National Forest Ecosystem Research Station in the Qinling Mountains of Shaanxi, Yangling 712100, China
3 Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China

Abstract: Macroporosity is an important factor related to soil water movement. Relatively little is known abut soil
macroporosity in the Huoditang forest region of the Qinling Mountains. Although they contribute relatively little to total soil
porosity, macropores have a very important influence on saturated hydraulic conductivity and on subsurface flow. The study
of macropores is important for understanding the characteristics of soil water movement and the mechanism of water
conservation under forest vegetation. At the microscopic scale, the flow of water in all soil macropores is related to the size
of the void. Furthermore, water flow rates are controlled by the smallest void in any single continuous flow path (i.e., pore
neck ). The objectives of this experiment were to study the distribution of soil macropores in the Huoditang Forest region and
to determine the influence of these macropores on saturated hydraulic conductivity. The volume of soil macropores is
equivalent to the volume of water in a soil at saturation minus the volume of water in the same soil at field capacity. This

definition, along with water breakthrough curves and the Poiseulle formula were used in this study. The results showed that
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the equivalent radii of soil macropores in the Huoditang Forest ranged from 0.3 to 3.8 mm. Macropores with equivalent radii
>1.5 mm made up only 5.37% of the total macropore content. The order of average area proportion of 0—60 cm layer was
mixed forest > Pinus tabulaeformis forest> deciduous broadleaf forest> Pinus armandii forest. Heavy clay may restrict the
development of macropores in the P. armandii forest soil. Macropore density was significantly greater in the upper soil layers
than in the lower soil layers. There was significant correlation between macropore density and the soil organic matter content.
Macropore distribution in the root zone differed significantly among the different forest types. The content of rock fragments
in deeper soil layers also affected macropore distribution. The average densities of macropores with different equivalent radii
were positively related with saturated hydraulic conductivity. The density of macropores with radii >1.5 mm accounted for
84% of the variability in saturated hydraulic conductivity. Soil porosity ranged from 1.6 to 13.3%. The saturated hydraulic
conductivity increased with porosity when porosity was less than 5%. This is because the possibility of such discontinuous
behavior increased both as the size and connectivity of the macropores increased and as the effect of capillary tension within

the macropores became smaller. Pore structure is of crucial importance. In general, macropores, especially those with radii

>1.5 mm, play a critical role in conserving water in forest soils.

Key Words: Qinling; macropores; equivalent radii; saturated hydraulic conductivity
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BRI PE R REY . X M b Jb 2 33°18'—33°
28", R % 108°20'—108°39", J& £ VT /K R IUVL I B,
MRCHEHE FE 900—2450 m, 4FF- < i 8—10 C,
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mm ,4F 5 H BRIFE0Ch 1100—1300 h, AKX JE 54 52
JEL T—10 em, B 635K 91.8% , F 2 MRS
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LI ( Salix) . Hi] % 4 T ( Rubus phngens) . # & T
( Lespedeza bicolor Thunb) | 1lI 251 ( Desmodium sp.) .
T ( Euonymus alata) 5

B DX A HE DL M B S S R 50
em JEABEBLUR R ALK A AR A BB
FER N S KA R SRR AR =, -3 b iR
AR Z BIARZE SR MR LA Bk 2 A T 2—
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W, 20T 0—30 em )2, HAE <1 mm IR R4E

Yri e K, Forbet TR S AR [ i bRt 2% J23 1) JE AR
1.2 W5k
121 FHizE

SIS A ARIX fe R Y H SR A2 7K XK b ) i S8
1To X FRMRFEYE P Mo |+ 355 B 208 p
L Y A HRURRAE DX PN R R A A B PR TR A
R FE T I A I RDEE I TR AR, A R B
KR LA | FIRE TS FTAE AR A5 AR AR X A 32
BENMBFP o3 A, AR E T 4 Fh B AR EAY
(£1),

F1 WM EE(0—60 em) HIE AT

Table 1 Selected soil physical and chemical properties of the experimental site ( mean+SD)

ke Wl W A ﬁ}ﬁ p iz H *ﬂﬁﬁﬁi K _
. Slop degree Sand Silt Clay Organic matter Bulk density

Vegetation Slop aspect 5
/(°) /% /% /% /(g/kg) /(g/em?)

THFAMR V4 R vt B 7 27 56.85+6.41 42.39+6.29 0.77+0.21 30.18+4.38 1.13

AP Lilk=pi) 38 30.03+3.41 68.76+3.43 1.21+0.28 30.02+2.48 1.00

£ FTR AR ALy 37 33.31+5.05 65.90+4.64 0.79+0.41 34.19+6.54 1.03

TE I AR U R i 7 37 50.83+5.61 48.67+5.72 0.51£0.11 29.52+4.22 0.91

WAL . Pinus tabulaeformis; %E11K . Pinus armandii ; &1 RS Mixed forest ; 78 M & MK Deciduous broadleaf forest

1.2.2 RALBERYIHHR T

D+ R ALBR I I A AR 2 Fh (WRERHOR
I R S 2, ok 0 AR AU B X5
2 CT FREAR UK Bk B H AR AR ) 1 AR
AR HE IR FL R K SCRONE Y £ B2 M R, 2R - 8K o3
B ML Poiseulle FREMEE G T IERAE
LI E (2 A K/ NFLBR TR N RUEE | —
AN EESE KU AR Y H I 3 A8 32 /N RS 25 B (TR PR
4 pore necks) #E il 5 HEME A, 1%
SRR S & TR AL S 50K 7z ghny 56
FJHE T 2R R 2 A0 R

AR R AN Radulovich'' 45 Y A
98, RALBUE Xy H ] 455 7K a5 304 R0 55 7K B 22 1] 1Y
LI, AR K 2 0 FN 55 7K 22 B) A HE 7K ot
FEE e RALBRHEK , SR 5 HE K FLBR Y FLAR 2 7 0
AN XI5 - RE B R AL B AR = 2 —
KIS AR 5 T R B SR /N AR B0 2 /K T iR ik
FIFE IR IR T K 53 iE B A
1 AT L (B A SR DR BB T,
AR K s amE i e B R E TR (1) 5
Poiseulle J5 2 (2) BE AR RALBRA S HFLIR(3) .

Q=Av=mnrrL/t (1)
Q =awr*AP/(8n7L) (2)
r=7L (8n/[1AP])"? (3)

o, 0 ML (em’/s) ;A HFLBRE A (em?®) ;v
R (em/s) 51 HFLBRFLAR (em) 57 7K it 52 B i
RIS il 280, AP B 1.2, L M AR E (em) 5
NIKHIRE I R B (g/em/s) ;AP AR 17Kk (em) 5t
NE MK IF GGG B A B ] (s ) o %A A i) 7K
SRR EAT L, O A (3 ) T A R A AL
BRfLAR . R P FLBRALAR = ] 94 R — 5 1) B 4] 20t —
LB, LUHAP R EARE DA, 24 1A B HE K &
A QB IR ARR LB (n) -
Q. = nAv = nwr’tL/t
1.2.3  LRERES MTHEARRIE .,
2012 - 5—8 H ¥ JI(HAA 7 em 5.2 cm)
TR (A Y 0—20 cm B 2% 20—40 cm \BC E %
40—60 cm) AR L HERE A STl I R e /b A LA
PRAE R B9 UK 7 [ S 36 2 0 5 7K 70 58 38 i 2%
RS BB 3—5 RE A, R AR AY UK 4
FEGLE TR 12 h USSR A, S5 CE TR
JBCE 12 h GRS H K & JFER ] B

(4)
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- R L A 38 0 U LB AR, DU IE K 5 AS g
Wt SRR LR B . AE R
BB HCE — K U AR, LB 1k K 43 il i IR 2 2 4 e 4
¥, AT B AR 0 AL B 5 A em® .
L IR RIK K 2 em , WK IR AR THRT >4 A R
HKE I BERG 5 B 10s YA K& I HA
B RK 3 A B R 1k SRR AR BRI A 1
KR AE K 20 20 35 ih £k, s HoK 8 ks 20 AR
SERIRFR], P2 IR 1.2.2 TR RFLER A X F8 45, R
P AR E 5 BT I R A R OK (K, G —
B 10°C IR (K,) o

TR DL I R FHE AR RN
2 ERE5SH

2.1 A[RAHBE IS TR FLIR 53 A FRAE

5T X - AL B Y 2 i FLAR M Ry 0.3—3.8
mm ( % 2) ,iZH SRS T4 A Germann 5 BF
I A 198 AL B FL AR VS R AR — B, fe/NVfLAR 0.3
mm , 5 32 vh - HEE AL P AR AL BR L AR T RR
(LA KT 0.3 5{0.2 mm) —2" ") LA Hi 7R AR
FHERALP FZ LA R T 0.3 mm A ALBA

R2 TRALHBAEHKRIABEE

Table 2 Number of soil macropores in each radius interval

R[] 2k LA () AL B2 A k%
e & S UM o =3/ Number of soil macropores in each radius interval /(>/m?) Saturated Water
Vegetation Profile (2.0—3.8) (1.5—2.0) (1.1—1.5) (0.7—1.1) (0.5—0.7) (0.3—0.5) Conductivity

x10? x10° x10° x10° x10* x10* /(mm/min)

THFA A 5.31£2.37 1.38£0.67 2.39+1.27 5.23+2.93 1.01£0.55 1.23£0.71 16.10+£7.27

B 2.64£0.90 0.68+0.26 1.32£0.41 2.72+0.89 0.53+0.15 0.87+0.23 11.00+0.10

BC 0.47£0.67 0.15£0.22 0.29£0.22 0.66+0.24 0.13£0.05 0.23+0.09 1.80+0.58

AP N A 4.91£2.74 1.22+0.60 2.1721.17 4.72+2.56 0.93+0.52 1.70+0.94 14.10+7.46
B 2.33£1.05 0.72+0.31 1.23£0.52 2.61+1.06 0.53£0.25 0.97£0.10 10.90+3.08

BC 0.45+0.64 0.17£0.24 0.31£0.34 0.61£0.72 0.13£0.15 0.20+0.22 2.10+1.98

TR 2SR A 5.71£1.58 1.67£0.51 2.94+1.04 6.55+2.14 1.24£0.37 2.42+0.52 11.40£5.16
3.93+2.04 1.20+0.68 2.30+1.47 5.12+3.64 1.02+0.75 1.93+1.76 7.20+2.40

BC 1.21£1.71 0.32+0.36 0.52+0.62 1.07£1.16 0.17£0.18 0.38+0.46 3.30+3.74
E I RE Ak A 5.75+3.11 1.35+0.67 2.36+1.2 5.39+2.97 1.06+0.58 1.69+0.91 13.30+12.05
B 1.42+0.63 3.76x1.41 0.59+0.21 1.25+0.41 0.22+0.06 0.26+0.09 2.30+0.96

# A B BC 203 R pfot TSR A A= ERUR IR (R AR LR IRZT 40 om, iR AU

FKALBRE i Ry A T A7 DR 1T R L A 35 LB
B, KHBIERRIX, 0—60 em 38 K L B %5 B AE
0. 14x10*—7.18x 10* 4~/m* Z [i], -4 1.98x 10*
A/m?® AR RO 0.42, AFFEHLZR)Z (0—20 cm)
3R AL BRF24 25 R /INIURE A - At e TR A > T
I R > A LLFA BR > T AR MR ; 0—60 em 4 2, K/
T WA ) Y A2 PR > 8 1L A8 B > 9% 1 ] P K > il %
Mo TR Mk 1 S8R ALBR % B fe K, 0—60 cm
IR R AFLBRF- 35 %5 BE () 722 S R AR /NUY - 5t
WA TR S AR SR LLFA R >V il I AR S VA AR, 3R
FLB T e 1o AR A A K O T T AR L (R
FRARALBRIAFR LL ) GBS 25 6 R B R AL Bt 428 S %
GREXT K3z sh G sZ R, 25 FF i AL B i AR
FLVY5 0 4.59% ARifE2E 0 2.81% , A8 5 RN 0.61,
RALBRTEFR L fe e 09 R AR AR L A 2 BN

AR C Z AL ILFARKEY C )2, 0—60 em )2
KALBR - TR L BT Ay < B e TR A8 K> Tl A bR >
TR FE RS AR LR MR JH R bR L A SR L it T R L
NI Niizpi s LA Vol wiih- A (L NE S NE (N X
JEE (R 200 5 A 1L P R A 0 5 e {1 L P b A 8
AIRERTRALBR A A A — s BRI B RE TR SR A%
I ] AR ) - S B - 25 %88 A T AR L A 8 5 R
BOIGBER 3K AT B 5 IR A3 2B R & 1 e AR
RA—ERFR, WA HEIE T A o £ 8 6 2 4
AT e DL KRS B B Bk BT B, AN [R] 2R ALK
b AN[F] R R OR LR A AL A R R 25 5 Ui
AR 0 4 R - 3 KL B AR AE A Rk
A
2.2 RALBRIE B oA AL

i 5 bR, - 1R B ) B, b SR A AR R B8
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VEFR S 3 B2 7 406 /08, A ) 1 398 45 44y B 52 i) 72
FER AT AR > Bl T AR AR &R BB 5 B E
ARG B RR AT - A B B A , R 2 ) 3 — A A
H RS TN B ST, DR 0 2 A K LR A B
B, A ARHL IR R B RALAR LR 0 2 A/ T
BUNUEFLB 2 R, B A& Y LR i KALBR
W )R M AR FE K T2 /ANERE S
(£2), RAMEMEZENZELESRIT(P<
0. 05) XA MR A> AN 1] 1 2 TR B o 452 FLAR 1) K
FLBR 2 B HEA 543 0T, 2 1 It oA - S8 4 B 186 , 4% 9%
BIRFLBR B A R B3 PR (R 3) . Mt
FEERE YRR 0.5—3.8 mm 16 N A RFLIR S
R & TIRZ, i RZE g YRl ih
2.0—3.8 mm [P R AL B AE 135—768 4~/ m?
Z 18] TR 2N 45—121 ~/m*, Z LIRS 5] + 35
RALBRIIE AT fE- S5 LR 2812 )5 T I FLAR 3¢
REFEPRFLA S, B RN 0.5—2.0 mm )
KALBR, AE3R 2 3 v i 7 3 850k T Gk 31 4522 4>/
m’, MY A R ER R E S

AR EAE YA L SEOHT P B SRR [ I Y AL
B KILBR 24 LR ZEE N RE ) Y
ALK 0.3—0.5 mm [ AFLER % A6 AH 28 £ )2 8]
AR B3, U W R i 22 A I FL AR K FL B A Mt
T HEP A R AR R B N S, X5 AL
TR K AL B 5 %6 1 A HIL S 2 2 A7 A 56 40 AT,
TR HAAW W ERIEA M (P<0.01) (£ 4) 3R]
A AT KL BRI TE WA 2R, X R LR fL
BRAGFE I JE W, HEA HLR B A — AR 45
1, RERG (AR XA 10 A% - e R i A LR E S
S5 FHIE AR 2548, AR A 7 it 43 fif AR
JE L BRI A BT B 0, R A SR A
2 AH I Hl A 3L B ARG R AL R B B R S
AR4f-, Tsukamota " HIF5T & B EAAN A FL LI # 00
(R 2o AN A DL T T R B, TR R AL
BRRI4 , Aubertin' ' BIF 58 IA Sk 2K KL B AT BiE & /D
i B ARAR SR FR Y 35% , (523 B + )2 B4 0 3 i i
N

R3 XIREERISERETUNEZEREZEN

Table 3 Significance of difference of macropore density in each soil depth

TR T HERFLBR ) 2 i FLAZ VL Macropore radii intervals/mm
Profile 2.0—3.8 1.5—2.0 1.1—1.5 0.7—1.1 0.5—0.7 0.3—0.5

A a a a a a a

B b b b b b ab

BC ¢ c ¢ ¢ c be

5 S ) /NG - B i) 26 S35 5 1 2 (P<0.05) 7K
F4 BUNREESAEHEBEAEAABEEENEXXER
Table 4 Correlation analysis between the number of macropores and organic matter for each pore size

BH KALBR 245 FLFE Macropore radii intervals/mm
Correlation 0.3—0.5 0.5—0.7 0.7—1.1 1.1—1.5 1.5—2.0 2.0—3.8
#H 3 Z $X Spearman correlation coefficient 0.753** 0.842** 0.857** 0.854** 0.889** 0.926**
S (R Two-tailed significances 0.007 0.001 0.001 0.001 0.000 0.000

# % P<0.01

2.3 RALBX RN FoK R A 52

32 AR AN T K R SR A R SBR[ S5 Y
IR BB AR BT U 1, T = 3 LB He v —
HEMPEAERIIER? ) & L EARE Y ' LR
B AL 28 8 R - S 4 R S K SR MR AT A S0 B (6
5), KGR AL 0.3—0.5 mm A KL B %5 B Xt
TR T K BLAT A 52 (P<0.05) o TR [RIAR
HIAS[F) 42 PUZ N AL B B e Kk HLAE L 22 5+

BN R AL A | R RN S 7K R 4 () A Ak Y 5
FREAAR, YL N 0.5—3.8 mm (¥R FLE %5
SRR S K R A i 3 (P<0.01) , itz HAEAR
AR AN 2 g A e R (3 2) , BRI X
TN Tk R 1 28 [ AR fb s e B i 458 v, R AL B T AR
H S5 1A F K 3 BB ARG (P<0.05) o e 1 R AL
LS ®E LR L K2R, FEFLERE
%, LB 32 5 00 R 5 K 38 %) R S A 3 S T BRI
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Table 5 Correlation analysis between the number of macropores and saturated water conductivity for each pore size

ZH KALBR 2 5 L4 Macropore radii intervals/mm WL/ %
Correlation 0.3—0.5 0.5—0.7 0.7—1.1 1.1—1.5 1.5—2.0 2.0—3.8 Macropore area ratio
RN . - 0.704 * 0.814 " 0.809 ** 0.823 " 0.834 " 0.871*" 0.673*
Spearman correlation coefficient

T XU

ETE @ L)) 0.016 0.002 0.003 0.002 0.001 0.000 0.023

Two-tailed significances

#% P<0.01; * P<0.05

E— 2 WF 5T R ALBR X K 5342 sl i, %24 12 fL
> 1.5mm KALBRE SRS K G017 [BH 54T,
RIALAE>1.5mm YR AL B 510 A F ok 8 5
PRECCR, HEI GRS (K1), fLEE>1.5mm AR
FLER A BEAL o5 R R FLBR % Y 5.37% , (H P2 T 1
FFIKH 84.4% KL 5+, Beven % I E K ALIR
(A FLBR AT A 8 HEE 138 i 22 3, 0 TR ST A
BN RALBE G 0 T 0 ) B8 Ak 5 R B,

MR FIK R AR, 1R B R AL A TE R, 15
HK 4328 32 2 ph i o KL B H B K bk, R 5
JEAE T R R B A BT, AL R 4 K i
TR F AL TR, SR AE AP Peterson' ! 45
LA >3 mm 155 — LB A, & 30
Hk 3 3000, Ay i 5 A A AL B W] 3 ik g
1.7 3] 2.8%10 7 m/s, FLETR AL N T 0. 002%
- KL LR R E A RZ (K 2)
JITLATE A ) T 960 FoK I 517 %

MRIX -4 KR ALBRHAE 1.6%—13.3% Z [H],
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R 16 L y= 7‘397)(0'8819
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Fig.1  The relationship between density of soil macropore

>1. 5mm and saturated water conductivity
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Fig.2 The relationship between macroporosity and saturated

water conductivity
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