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Influence of Root System on Preferential Flow in a

Typical Forest Stand in Karst Region

Shi Xueqi, Cheng Jinhua, Guan Ning, Hou Fang, Shen Ziya
(School of Soil and Water Conservation » Beijing Forest University, Beijing 100083, China)

Abstract: [ Objective] The aims of this study are to reveal the characteristics of preferential flow and the
influence of root system on it in southwest karst region, to clarify the influence of root system on the degree
of preferential flow of different vegetation types, and to provide a basis for local vegetation restoration and
water conservation. | Methods ] Three typical forest types in Yunnan karst region were selected as the
research objects. Field dye tracing and statistical analysis were combined to obtain the vertical and horizontal
profile morphological characteristics of preferential flow and the dye area ratio. Combined with four root
system parameters including root length density, root surface area density, root volume density, and root
biomass density, the degree of preferential flow caused by root systems in different forest types was
calculated using one-way analysis of variance, in order to determine the influence of root systems on
preferential flow. [ Results] (1) The overall characteristics of the root systems in the three typical forest
types were natural secondary forest > natural mixed forest > artificial pure forest. (2) The maximum dye

depth in different forest types was 20—30 cm, showing a decreasing trend with increasing depth. Both the
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vertical and horizontal profiles reflected the lateral seepage of soil moisture. (3) The matrix flow appeared in
the surface layer of soil, and the remaining dye profiles showed a downward flow pattern resembling fingers
or funnels as the soil layer deepened, indicating obvious root paths. The preferential flow in the mixed forest
mainly occurred through vertical infiltration, while the horizontal flow development degree was higher in
pure forests. Among them, the pure natural forest had the highest preferential flow ratio and the smallest
length index, indicating that a complex root structure could effectively enhance the depth of water movement
in the soil. (4) The results of one-way analysis of variance between the root system parameters of the three
typical forest types and the corresponding dye area all showed R*>>0.8 at the level of p<C0.05, indicating that
the root system parameters were closely related to the development of preferential flow and had a promoting
effect. [ Conclusion] Root characteristics of the three typical forest stands are closely related to the
development of the preferential flow and all of them promote the development of the preferential flow, but
the correlation between the root indexes and the development of the preferential flow vary among different
forest types. Root system indicators of natural secondary forests show negative correlations; root length
density and root surface area density of planted pure forests show positive correlations, and root volume
density and root biomass density show correlations; root system indicators of natural mixed forests show
positive correlations.

Keywords: soil and water conservation and desertification combating; root systems; woodlands; priority

streams; karst
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Table 2 Basic properties of sample soil

B 4 7
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RARK A MR 1 1.144-0.06 47.0743.11 2.1640.51 15.67413.66 0.884-0.09 0.1140.01
KRR AEHK 2 1.1340.07 47.35+£2.97 2.354+0.44 14.7842.70 0.9040.42 0.1040.01
N T4k 1 1.1240.03 48.6742.81 1.214£0.58 5.3042.66 0.4540.01 0.1140.00
ANTaliHk 2 1.1040.07 48.0241.78 1.3240.61 5.5643.68 0.394-0.08 0.0940.00
FARIRATHK 1 1.17-0.03 47.594-1.82 1.71£1.09 2.5540.30 0.344-0.06 0.1140.01
KRB 2 1.16£0.07 48.03+5.49 1.72+0.89 2.7140.73 0.394-0.03 0.1040.01
1.2.4 HAERFIEIAFN E D — D % 100%
(1) YA T B L A 2 0 7 AL b 4 38 3 T 1 2 - DENp

o 535 T L 5 6 B 43 L T LS M A -
SE ST L A R I RO

XD Gt A (Y0 s D Sy ) T e o X 38k i AR
(cm?) yNny‘]%IJEﬂ%g!éélXﬁ’szﬂ:l(CmZ)o



76 S ol T S 1

o531 %

(2) FEJRUREE Yo i BUELFE 80 %0 Z AT I A B
IR AR B TS L TR R R Ay A e ) i
e A =80 Yo it A+ 2R . B MK, AR
Je I K AR

(3) H 5 it L 48 4 48 e B e a5 b, fE R
DX 35814 G €2 T B oy R A T ) T ST AR Y A
o ZER, Wb ek ERESR. iTEA
KR

PF:[1—UF><DKJ><1OO%
PP HEEH (%) U HEFRIEE (ecm) ;W
Sk 3 1 KO- 55 B L AR BESE T R 50 em; D,y
T B AR R A A (em™)

(DK EFRE, 8 3T om0 5, A8+
JE VR R b ) G T R LY 22 I 4 6 (E 22 A L
R, Ud B S i 2 el AR fb B Rl 20, R A .

L,-:LZII\D(‘(,-H)fD(, |
KL, MEEREIRECYD sDegy, M De 435100
THEEEM IS L EME R A AL
(%) sn AR B2 5.
1.2.5 AR R ZMAEAR R Z K EUR AR R H R
T M R AR A AT B R E T 2 mm
PR ¥E A WinRHIZO-pro 4R & 4713 2> B £ 4 %t
H R IE AH8 bi E A7 59 486 000 o, A5 0 AR K %
(RLD) M 3¢ i FR % B (RSD) L MR R FL % i (RVD) &
A= ¥ % B (RBD)
1.3 #HELE

i# 13 Photoshop 2021 XF 49 4R YL (4 B8 | 47 %7 1E
N TAL B ;38 33 2 4F Image Pro Plus 6.0 XF 7 4b 3 (1)
G EAT b i Ak, 64T R EUE AL 3 Bl o (e
X)) F 255 (R G4 X)) 21 B /Y 2048 96 B, O 48 1f
BAB RSB E A, 8@ ik Excel f1 SPSS
22.0 X EHl AT G 51 @ i Origin 2022 #f4:
2 E bR

2 H#REHWH

2.1 BB IR FREHE

HTE 1 Al AFE . 3 i i 7R bR AR 28 AR R
T AR JBE AR A R B B AR A ) i R R S R
IR AR RIRIR AR>S N T glidk, Ho MO
AR 2 THI U J3E A8 H A [R] o R SR UK A AR A fll MU I 25
O3A L AE 10—15 em 2 JZ= Z ] 35 ) W {5, T A T 4i bk
TE 1520 em b J= Z 1]/ KRR SS AR AR Bl T4 2
S8 T 2 AL 338 D A 5 AR B R R AR A ik % R

FRTE] 5 AR U A PRARK SR M DA IE 285 40 A, N T 4l ok 22
I T 184 0 T 33 48 L 7 20—25 em - )2 TR B ) 3k B i
fl, RIRIBASHIE 5—10 cm + 2 B 5 T HAL + 2
WREE ., AFTT R AR % 5 5 1% A 2 1 35 A
KRFR (p=<C0.05) M) b 3 I B A7 (A B P AR 2% B i
KR FR B - EFLBR M 22, HOAR 35 T R 4% 5 AR K %
J3E Ay [R) R 11 e B0 A8 F B 7R IF 5 A AR 2R 6O S 3 1
TR K T A HEFL IR 5 MR AR 28 8 R A= ) o R I
WA A AR R B4 0 A % R - e AR R I R Y
HESH XU R AR K AR ARAE 10 cm HJZE L
TR N T AR 2 Bl 2 BB B 3, R AR %X
L KRR JEAE 20 em HEMITF&Z. [A
WAL ML A 25 mm FERNSR B T .6 NFFT A1 B
TR RIRKAHE MR I N T 2R G R BB IR B 20 em +
JZLLTF L 3k ik B AlbR AR R I AR B /N TR A AR
2.2 TEMRERBE

ME 2 7T LA o AS TR RE e €2 18 FH b 7E ] — TR
JIE AT 22 5 o AH A A 3 B Sy Bt 22 R R 98 o 7 Uk
AN RS e R ABIRETE 2030 cm, Y (4 1H
HFE 0—5 cm LJEM A 60% , B G & Wi L, HAE
PR B o I ZL BB A B R B AR A L
JeRA LW 76 5 em )2 DL R Yt AL i A
] g8 e 3, S STIE U Bh , KA R AN .

B3 AT LA . 6 AR b Y KT e 8 50 A O A
5y, g € 1o AR L b o 22 A K B R — AN AKOF B BE Ak
4 G 8 T FR L AR A [ 1 2 R B A B ) B 22 R, Ui
1 P9 A7 7E B S 1) 58 U B A L O R IR AT e 2
Bz B b v o BB A R AR RO AR
K 3 AR K AL R - S P Bl 3 B Y B
PRILER . GRIGLE G 76 050 em + 2T BN
E U R TSR S AN L S (1 NP (N 5 A
W A0 BRAE N 7= A A0 e 0 0 DR D B 4 2 1 5 K ik
) FE T S AR e K T & e s AR 1
HEIR AL Ak S22 2 5 17 50 em K -3 BN 4 66 1 FR L s
FETEAE AL, U B e 2 7K S 78 7K SF- Ty [ L (6] BR A7 78 5T
B o RIAG M0 1) 3 & 26 L 2R AT TR v ) T A I e T
L 1) 7K ST 31 B K] 3 B A 2 9 4 v & A DX A 4 s
A b OB A 18 G £ 1 AR L A KOS 43 A, 50 em £
BEIREBNENKEZH 1~2 DI, 300% 50 B M
REARAE 1~2 MMRSE M B AR A X,

M 4 AT LA, R 2 B LY
Z LU IR RAE RIZ IS AB  HE TR Z O J
JEIE 5 A AR e £ T AR A AR IR A MR > RAR IR A > A
T alibk, Ho Ay et i b 5 2 IR, e B s
R AFREN AL it iEzs, 2



5590

T 25 9 45« 6 30 8 DXt 70 L AR 28 6 8 S8 Wt 4

B
w

M

77

FER B S5 R ) R Bh P S B % B 5 3 4
TWRARKAEM 0—5 ecm L ZFI M A T4ibk 15—25 em 4

25

g
(=]
T

—

WEFEE/(cm * cm™)
.o o

I

g

i

A2 EH B R AR IR AR 10—15 em 4 J2 8 1 19 4 68
BT A BRI LN TR AF TR AR R

(=4 w =1 W
cT T T T
R,

Hall Pl
1 : )

1 E 2 : 2
, R A AL éisk
04 -
g
g _
Jo03t
g
e
~
wo2 b
{ﬁ@
1=
= o1 -
®
B
0! v
: 1 :
: RAR IR
14
~12F
2
RV 1
g 8 F g2
< =Rl =t
N 6 | SEG =
A e =
% 4l = - =
| = R == =
g | %Eﬁ“‘ ﬁ H ==[aun ] =
= ||l zl==| =|oo|2s — = = B
® g Eés | R A | et = il LB LR
-2 L
i 1 ; 2 1 E 2 1 ; 2
! RIRK A AT &k RAR A A
10
5 8|
2 o
W oot EMEE!‘“ ﬁ T = =
# o j%ﬁs {6t [S5|S 8|22 ==) I [ e =P M= Al L EL TS
23
=2 :
: 1 : 2 1 : 2 1 : 2
' RIBK A A T &bk : RIRIBA A !
0—5cm 77 5—10 cm E= 10—15cm [ 15—20cm 20—25cm

TE P PR Ak A P BT R AT R0 o TR — B IR R B S 4,
B 1

Fig. 1

H1 2 3 AR, AN [A) B ARURR A3 B 56 T SRR Ik 22

SR E(p<<0.05), RIRWAMMAN TLibkp i KA B
TREE (L5 3t 18 B2 AL P Ui Ho B A — B0 X I R AR Ik

3HARKSRAREGETNAILIERENS T

Distribution of root system indexes in different soil depths in 3 typical forest stands

AR N T A el A 7 1 B JE AR — 25 B - S i
FLBTHEAR — B0 N T 2UARAY 1 B2 5 B0 2 5 22 8000 i) 2
KIRUAMEY 1,14, 1.24 £, i TASGHR RO 57 R 8



78

= T S 0/

o531 %

ISR T LR 5 T LAV BN T 4lbR A 48 S 3 25 1)
AR G T RARUE MR, RARTE S MR R A B IR 2
FARUAERRAN T AR 1.78,1.85 5 FE RIS K
SRULE AR TSR 1.28,1.45 15 X BRI 2 24 M 2
SEFIREA UM R IK 43 7E L HE ¥ 5] A B R B RV e
B RV s S8 T LU A2 R AR U A AR N T2l A 1 0.86,
0.814% K BEFEHUR K AR K A MR T 214K 1% 1.91,1.69
RS R B KIR K AE ORI T 4iAR 19 0.67,0.54 £%,

RIVE A 1 D0 5 T B A R I s AR S R R O v T K
MR ABFE ] — 4= )23 v iy 2 o T RRIR T tbR, 3 B TR A8
YN BRI SR S A PP - Ay e W = N A (TEL Y N T B
KA, Hrh KRR ARG it b B K3k 3
72.33% , B BEFR Hie /N Ry 1.84 %6, R e i & 5 B2 B
¢ e HL T 17 1) Fe 38 o BRI SCAT R, RAR AR AR AR
KRR N T AR 5.84 %, SR IR AR 6.24 1, ix 4
TFF 5% 235 SR I ) D B AR 2 %5 F 9 XA S T 0 ok

LEEBLL/ % LEHEBL/ % 2u A/ %
Q c oo o 8% Q c oo o 8 & % 4 -
0 T ——————1 0 0 T T
5F 51 5
g g g
210 210 210
it i i
K15 15 | ¥ 15
Ii ‘ I o
+H 20 RERK A Hao b A T ikt H 20
25 25 25
Feeam M/ % FeEHB /% LA/ %
R oo o o 88§ I - & -
0 1 O ANt O 00 = = 0 N S Nt D 0 = = 0 1 S ANt O 0 = e e
51 5 5 |
g g g
210 + 210 210 |
i i i
]%;15 L ﬁﬁégls ﬁ?ﬁls L
Hao L KRR E M2 H 20 AT #idk2 a0 L KARIBAZ M2
25 + 25 25 |
BH2 tEEEIEMNLEEERL
Fig. 2 Dyeing area ratio of soil vertical profile
16r FAR YL AL T AT Zi41 2r FARBAT A
L 18 + u
X 12 Fep ® 4 R %
8 B, L 214 F
1= s | 129 1=
= L=U =10 |
& @2 &
= ﬁ%l i % 6
2 -
0 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
KFREE/ cm KFREE/ cm KFREE/ cm
14 r RER K A2 8 A T4tk 10 - RARBAS A2
12 F 8 F
ot gor g
= 8 | 6r
® 8r ® 4| =S a kb
=GP 1= =
€ € g, L
% 4T Hol £
2t 0 | R S—
0 0 -2
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
KFEE/ em KFEREE/ cm KFEREE/ cm

B3 TEKkFHEHREEERL

Fig. 3 Dyeing area ra

tio of soil horizontal profile



55 5 ] T 25 9 45« 6 30 8 DXt 70 L AR 28 6 8 S8 Wt 4

Al 79

g
.
gt
% 30 RABRAEML
40
50 : : : :
50 40 30 20 10 0
K% E/ em
g 20
~
R0 | RAWER
40
50 : : : : -
50 40 30 20 10 0
K% B/ em
§20 ¢
Q KA 3
30 | FARIK
40
50 ' : ‘ ' :
50 40 30 20 10 0
K5/ cm
820t
~
2 TR R HE k4
& 30 [
40
50 ' : ‘ ' :
50 40 30 20 10 0
K58 B/ em
§20 |
P FARUCH: S
5% 30 |
40
50

50 40 30 20 10 0
KFREE/ cm

T P BT R R A AL

Fig. 4 Dyeing images of soil vertical profile

0 ey liamdh At e - | ]
10
§ 20
1
w30 | AT 41
40
50
50 40 30 20 10 0
K 5 B/ em
0 r‘*"fi-ﬂ—w R
10 ¢
§ 20
™~
%}%30 b AT #ik2
40
50
50 40 30 20 10 0
K5 B/ em
0 W'si‘ ’Pa??"wm
10
§ 20
= 2 k3
&% 30 AT
40
50 : : : : !
50 40 30 20 10 0
KF R B/ em
0 "tg&m“rnw
10 '*‘
820
~
g N T k4
% 30
40
50 ‘ : : : '
50 40 30 20 10 0
K5 B/ cm
0 *fW"‘FW
10 f & )
20 f
i AT 4 Hs
% 30 |
40
50

50 40 30 20 10 0

KFREE/ cm

B4 TEEEIEHREERRK

i
% 30

§
~
= ‘
% 30 T RIBBIHL
40
50 ‘ : ‘ ‘ :
50 40 30 20 10 0
K 5 B/ em
g
<
%30 b RARBIZ#R2
40
50

50 40 30 20 10 0
K5 E/ cm

\ % 48983 13

50 40 30 20 10 0
KFFEE/cm

RRBA 4

40

50 40 30 20 10 0
K P 5 E/ em

RIRBAHKS

i
£ 30 |

40

50
50 40 30 20 10 0

K5 E/ em



80 P/ S S 531 %
®3I MERBESH
Table 3 Characteristic parameters of preferential flow

M R RKAB R 5 K AR5

i WREE/cm WIR B/ cm W/ % B/ % £
KRR A b 12.5043.57a 1.294-0.69a 72.334+11.35a 1.844-0.60a 2.6420.65ab
AT 4k 12.00£2.95a 1.1540.45a 71.6749.52a 2.0940.28a 3.2740.53a
KRR SR 22.21£13.92b 1.6640.54a 62.39+8.53b 3.53£0.60b 1.76 +£0.23b
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Fig. 6 Relationships between soil preferential flow distribution and rooting indicators in different typical forest stands
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