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Effects of plant roots on soil preferential flow in typical forest and grassland in the dry-hot
valley of Jinsha River, China. SHAO Yi-min', ZHAO Yang-yi'”*, DUAN Xu’, WANG Ke-
qin"?, CHEN Ting-ting', WAN Yan-ping' (' College of Ecology and Environment, Southwest
Forestry University, Kunming 650224, China; *Yuxi Forestry Ecosystem Research Station, National
Forestry and Grassland Administration, Kunming 650224, China; ’College of Forestry, Southwest
Forestry University, Kunming 650224, China).

Abstract ; To clarify the morphological characteristics of soil preferential flow and the effect of plant
roots on its formation, plants from the typical vegetation types of an artificial woodland ( Leucaena
acacia) and a dry watershed grassland ( Heteropogon contorius) of Yuanmou County, Jinsha River
were selected as the experimental objects. Based on the staining and tracing method combined with
Photoshop CS5 and the Image-Pro Plus 6.0 image processing technology, we analyzed the morpho-
logical and distribution characteristics of soil preferential flow under the two planting types and
examined the effects of plant roots. We found significant difference in soil preferential flow dyeing
area between the woodland and grassland species, and the overall variation trend of the forestland
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dyeing area ratio decreased with increasing soil depth. The dyeing area of the grassland decreased
monotonously with the increases of soil depth. The occurrence degree of soil preferential flow in
forest was higher than that of grassland. Root systemaffected the formation of soil preferential flow.
At the root diameter ranges of 0 <d <5 mm and d>10 mm, root length density of the woodland
showed a monotonous decreasing trend with increasing soil depth, while in the root diameter range
of 5 mm<d=<10 mm, it fluctuated in the 30—40 cm soil layer. Root length densities at all the root
diameter levels of desert grassland were negatively correlated with soil depth. The dyeing area ratio
of the woodland was significantly correlated to root length density in the 3 mm<d <5 mm root diame-
ter range, while that of the grassland was significantly correlated to root length density in the d <3
mm range. The dyeing area ratio of both land types showed significant correlation with root weight
density in the range of 1 mm<d <3 mm and with root surface area of <1 mm, but did not correla-
ted with root length density, root weight density, and root surface area in the root diameter range of
d>5 mm. The overall change trend of soil preferential flow dyeing area of two vegetation types in the
study area decreased with increasing soil depth. Plant root system was closely related to the forma-
tion of soil preferential flow. Fine roots could promote while coarse roots may retard the formation of

preferential flows.

Key words: preferential flow; root length density; root weight density; root surface area; dyeing

tracer method; dry-hot valley.
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Table 1 Basic situation of the plot

FEH A W K 5273 FEHY THAE LR AL FLBRJE

Plot type Slope Aspect Elevation Main plants Bulk density Soil texture (%) Organic Porosity
(°) (m) (g+oem™) kL by BhkL matter (%)

Sand Powder Clay (g-kg™h

biS: 1) 8 K 1214.2 AW FFRTE 1.01 56.5 28.8 14.5 15.98 68.4

Woodland Southeast L. glauca, D. angustifolia, etc.

it 7 AR 12146 HEH RS 115 59.1 25.9 14.9 14.73 68.2

Grassland Southeast H. cantortus, E. binata, elc.

PIFE K A Ik 3847.8 mmy 43 AF P B M TR
=1.5;44F 80% ~90% [WRE M A P TE 6—10 H ;<
T4 0T 5 5 fH > 40 °C . BAFPAE L DI 8P
( Heteropogon cantortus) \ JE N . ( Juncus effusus ) Z1.
5 ( Cymbopogon matinii) \fL# % ( Bothriochloa per-
tusa) 550 F; HEAR Z H HFF (Dodonaea viscosa) |
A HF (Phyllanthus emblica) R ( Ziziphus mau-
ritiana ) 55 ; e AR LRG3 KR ( Eucalyptus robusta)
M AR (Acacia confusa) HREE R T+,

L2 Wik
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Fig.1 Vertical section coloring diagram of typical forest and grassland.

I . M Woodland; II : Fii#iih Grassland. T [R] The same below.
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Fig.2 Horizontal section coloring diagram of typical forest and grassland.
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Fig.3 Dyeing area ratio of different dyeing profiles in typical
forest and grassland.
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Table 2 Correlation coefficients between environmental factors and dyeing area ratio

ST LN B LB AL FRoE MRS E e RRKREE REHE

Plot Index Bulk Porosity Organic Clay Powder Sand Root Root

type density content content content length weight

density density

it e, THIFH Dyeing area -0.959**  0.989**  0.947"* -0.332 0.737* 0.841" 0.987 " * 0.877*

Woodland 2 H Bulk density -0.973 -0.993 " * 0917 -0.855" -0.07 -0.122 -0.321
FLBREE Porosity 0.969 -0.859 0.613 0.943 " 0.752* 0.633
HHLUFE Organic matter -0.867 -0.866 0.452 0.477 0.375
Fbi & Clay content 0.409 0.397 0.281 0.137
B3RS & Powder content 0.675 0.283 0.177
bHiE & Sand content 0.385 0.422
ML BE Root length density 0.291

Fie H et THIFH Dyeing area -0.973**  0.906* *  0.952"* 0.594  -0.566 0.898 * 0.992* * 0.932*

Grassland %% Bulk density -0.993"* -0.971"" -0.413 0.464 -0.477 -0.172 -0.134
FLEREE Porosity 0.960 0.496 0.520 0.748 " 0.851" 0.769
HHLE Organic matter 0.253 -0.289 0.287 0.652 0.554
Zhiki & 18 Clay content -0.970 " 0.701 0.288 0.317
KPR Powder content -0.853" 0.411 0.201
WKL Ht Sand content 0.297 0.372
MK BB Root length density 0.353

* P<0.05; * * P<0.01. R[] The same below.

R T B BB BN, 558 AL
Jelit.

2.3 MYMRARSHERRH LR

2.3V RKH XL kxR 3 LUE
L TE 0<d <5 mm Al d>10 mm ARIZFLH N, PRHAR
5% Wit T SR B I 1 S B p A A T S
mm<d <10 mm R R Ju[FH, RKEELE 30~40 cm +
JEH B RGBSR AT — 4 3 T Y T
FTE 30~40 em AbJESNFIRT R | L5 BRI VK EE ) R
REEAE AR IE 4 R — 5, RS PR AR K
2 I 2 IR/ 5 mm<d <10 mm HiE R AL
FE0~20 em H)ZHHBL, H 10~20 em )2 A%
ZT 0~10 em T2,d>10 mm M RER H 2B R
UL, WNEFAREECE A, M 3 mm<d <5 mm 1Y

®3 AIMEARTERENRKEE

mﬁ%g%j{,,ﬁ\:ﬁ(%;d$l mm .l mm<d<3 mm,d
>10 mm $5e/)s 5 375 HE AR K 55 AR E/IMKRIRE d
<]l mm.l mm<d<3 mm.3 mm<d<5 mm.5 mm<d
<10 mm,

H AN TRV 22 0 AR A 285 R B %85 55 5 0F 7 1 38
TRBE PN G 66,35 T 7 % 6 T8 AR L iR T Pearson #H G 43
Mro HEATTLIEH,d<5 mm 2% MR K 2 5 M
HR A P 1 5 e g AR L A2 3 A O, o AR
A 3 mm<d <5 mm FRHARK L 1A M
He i, BABAMRAR 3<d <5 mm MR 2 X AR b e (2
T AR 1 S e R 5 Fe R e A TR I 5 d <3 mm i
PRI AR 2 8 S A W 38 A G . AR AT B b 7 o
>5 mmitg Bl AR A 5 4% 00 T AR LE A AR DGV 3%
ud BHLAR R0 AN BE B35 e 3 b O Se i 1y 7 A

Table 3 Root length density at different soil depths in typical land types (m - m™)

IS A + R #R4%E Root diameter (mm)

Plot type Soil depth
(cm) d<1 1<d<3 3<d<5 5<d<10 d>10

b 0~10 71.73+2.72 69.93+1.70 73.30+4.63 43.03+2.24 38.30+1.35

Woodland 10~20 31.96+1.33 36.77+1.60 47.08+3.23 34.71+3.44 17.78+15.47
20~30 23.43£1.79 34.67+2.01 35.40+3.11 19.00+7.04 7.77+7.12
30~40 16.43£1.14 31.9+0.36 23.40£2.20 28.33+17.94 5.83+5.20
40~50 7.07+6.33 20.50+0.79 12.80+3.27 16.87+14.65 0

Tic 0~10 313.70+8.64 45.05+2.42 8.27+0.27 1.3120.19 0

Grassland 10~20 228.01+17.66 31.53+1.26 7.11£0.75 3.90+0.54 0
20~30 129.08+3.95 25.16+1.07 3.17+1.06 0 0
30~40 90.42+0.92 17.61+2.62 1.81+0.26 0 0
40~50 42.34£3.23 10.46+0.78 0.65+0.42 0 0
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Table 4 Correlation coefficients between dyeing area ratio with root length density and root density

FE 2 Y WRIETR 4% Root diameter (mm)

Plot type Root index d<1 1<d<3 3<d<5 5<d<10 d>10
s A2 Root length density 0.870* 0.820* 0.999 * * 0.479 0.584
Woodland % Root weight density 0.781* 0.977** 0.966 * 0.487 0.472
Jie A2 Root length density 0.902* * 0.925* * 0.825* 0.689 -
Grassland R EZHEE Root length density 0.940* * 0971 * 0.85% 0.575 -
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A= L, IR B S R R T 2
BISCREY), HHEP BRI R T B AL,
M T e e B AR T B, IR R T g
FLBS A P ) (AR R 5 L3 b e IR AR i —
AT Y 2 2R, TS TN 1 7K 23 R oA £ 1
HA i, BIFST DX R 5E e it 2 €0 1 B L AR B
R AR R SR — B B R IE A EAR AR

100

I

80

60 |

=15.811Inx+69.969
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Fig.4 Relationship between dyeing area ratio and root weight

density in typical forest and grassland (1<d<3 mm).
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U3 A T R R 2 11 3 3 R 2% 0 T ekt T 4
(RN R AL B 3 AR 2R Il )l S AR a0 T A
SERATE R, K432 8 P R [ AR A2 ) A AR
REMBLA S Y AR L AT A0 (R 5)
SE L] MRHB AN FE R d<1 mm PIIR R E R E
Yoo AR LG AR R AR O OC R, UL A AR AR R 3R 1
RO e A E s B R, M 1 mm<d <5
mm A FAR R 1 AR 5 Yl € 1R LG ) A C AN B,
W AR Hi 2 AR G AR 22 2 B e (T AR L i 5%
MR TR d<1 mm WM R F A S Y
AR LR B F A AN, 3 mm<d <5 mm R FEH
RER A W R R EH R, 1 mm<d <3 mm
AR R R AL S e o A L 52 0 A C R, PRD
H2EHIR R Z A AE T >5 mm BB RAR L H AR5
Yy T AL L O AR DG PR 5, 5 A SCHUR AR K 2 B

x5 ItEIEFEEREESREIEARNXR
Table 5 Relationships between dyeing area ratio of soil
profile and root surface area
FEHh 2R Rz R? P WEE TR
Plot Root diameter Regression fitting
type (mm) equation
it d<1 0.998* *  0.002  y=-37.26x>+13.20-0.2
Woodland 1<d<3 0.809 * 0.038  y=0.512lnx+0.562
3<d<5 0.886 " 0.017  y=0.750Inx+0.250
5<d=<10 0.361 0.639 -
d>10 0.811 0.189 -
T b <1 0.962**  0.003  y=0.363Inx+0.941
Grassland 1<d<3 0.898 0.014  y=0.504Inx+0.818
3<d<S 0.992**  0.000 y=0.328Inx+1.045
5<d<10 0.506 0.229 -
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