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1.1 #HREXER

W58 XA T B P9 48 A% 2 Al 2 BT B AR 7 k7R 7
X, HAbEE A IR 2R T, 1% X R K i 2 XU
BT SM, AEFEIN 635 ~ 646 mm, X N60% %
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WRGHHEY (TH6H—T7HSH ) | 7kl
(TH1SH—7H17H ) . JF4EM (7TH28H—7H
30H ) . g5 (86H—8A8H ) . Mkl (8
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h T AERAE N R S BAC R, AR RCRAE
BT, ZEIRIR /N X B3 A B R EAY L, SR
JEAAEO~5 em. 5~10 em#110 ~20 em T2,
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Fig. I Schematic diagram of the apparatus for testing soil anti-

scourability
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Note: DComputer, @Digital Push & Pull Tester, @Screen
mesh, @Sample, and ®Glass jar
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Fig. 2 Sketch of the apparatus for soil disintegration test
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2.1 KEARREBHLIEHUAMESESE

2.1.1  HropPERRAE =Ry NI R = R G IUE {57
2% 12 P rp 2 R B S R S R i R
HAEF — 12, W, e JF 18I K 45 5 10
Z A TR 25 R AR B B E K (£
0~5 em T2, WSS N, HAEH
1.04 min g”'c FEERGHENERK, L PIEZR
Wi, T EAEA R, N5.47 min g,
SRR RO JRAR L 4 S RN SOk
15.264% . 3.206% . 1.85f% . 1.14F5M11.09F%, H
Gk 1 5 A A B A BT o I 22 Sk B
K, U R — SR ) A Tl S R
HERRNBE., 765~ 10 ecm T2, BRI K i
AP A2 K, IR 46 R 0] - S B vt A3
WSH0.70F17.12 min g™, Hokiil] HEdTrh R R
6.98 min g ', RIS 25 I 1 BT b 1) 22 A
2 5 FKOF, (B3 5Ok R IEhT b M 22 R R
RE B EAKE, ME—4EFW, 5~10 em )2 14
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Table 1 Characteristics of soil anti-scourabilityof the soybean field relative to growth stage of the crop (min g™")

T2 Hi I TFAE] S5 GE IR ORI
Soil layer (em)  Seedling stage  Branching stage  Blooming stage  Pod bearing stage Initial grain forming stage Seed-filling stage
0~5 1.04 + 0.22aE 1.71 £ 0.20aD 2.95+0.21abC 4.81 £0.38bB 5.47 +0.19bA 5.04 +0.20bB
5~10 0.70 £ 0.12bE 1.63 +0.16aD 3.78 £ 0.37aC 6.55 +0.42aB 7.12 £0.33aA 6.98 +0.19aAB
10~20 0.62 +0.08bD 1.32 £0.27aC 2.53 +0.59hB 3.74 £ 0.49cA 4.20 £0.29cA 3.85+0.16cA

W RPRFNGFHRELERL)ZME <0.05KF LEREE, FRAKEFREREFMHTEP <0.05/KFLEREE, TH

Note: Different lowercase letters indicate difference significant at p < 0.05 between soil layers, while different capital letters indicate

difference significant at p < 0.05 between growth stages. The same below

U 30 B ORI = A 2 22 () T ofek 25 S 1k F
E K

2.1.2 KEFELEFHRETMRZX 50tk
Wafe  AESEFEN, KOUMRREX LG b
SRAE TR, (HAEA TR A B 0T 45 1 2 03 S 000,
AR (E3) o BRLE, WRERGRREX
25 12 RGPk R 3G SR XY S A, R
IR KR GAR B NS5 ~ 10em 1 J2 340 itk 1 55

BV feam, HR(EIAE] T6.51 min g7, WIKE
RAXT10 ~ 20 em )2 = HEHT b 396 5 500 H 559
HAESR(EA H0.04 min g7'o XFRI—+2, B,
YA JEAE . 54NN E B MR TR B2 X £
HEHT RN 22 5 B, 0~5 emMfl5 ~ 10 ecm
H2, GEEHIRRARI R G AR ZRXT - ST i 3 5
RN 25 ik B KO, RSO R 453 L IR
W, SR K AR R T bt 25 R R IR B
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Fig. 3 Enhancement rate of soil anti-scourability by soybean root

system relative to growth stage of the crop

FKOF, H¥EHAE T 2R B,

2.1.3 HHEFIESIRAFES R LR H
F0H, EBUE S KSR R IESBOCRE
wYl. AR, B SREEE . BA
TRFR DL B AR 72 22 T8 R G M 28 3 B4R 12 25 K7 (p
<0.01) , RUpEHEKEGHHKMEK, RELYE
(s 2, LB hbE S 2 A AR = .
kSR EAR R AR R B B MK
PR 5 & RR R K JE S BT AH S 4 AT
ZEHFIHIEO ~5 em M5 ~ 10 em T2, T EEHT bk
HR MR KES B L 80 B &K (p
<0.01) , 7E10 ~20 ecm+J2, +HIEH bt S5HEZ
FEO ~ 0.5 mm 22 [] AR 4 B8 A S M 1k B b 25 K
F (p<0.01) , HRZEKF0.5 mmll LMRAEK
EAGAEI R EKE (p<0.05) , SWHIEZL)Z,
< 0.5 mmAR R AN, TR A e
b

R AEZEIERAMESXERAFESHMMEXLE

Table 2 Relationship between soil anti-scourability and root parameters

+=E #R1 Root length
M % R WREFWERZE WRAEER R R T A
Soil layer B K
Root weight density Mean diameter Root volume Root surface area <0.5mm 0.5~1.0mm >1.0 mm
(em) Total
0~5 0.79" 0.12 0.82" 0.83" 0.82" 0.77" 0.71" 0.81°
5~10 0.77" 0.15 0.84" 0.81" 0.80" 0.79" 0.76" 0.79"
10 ~ 20 0.69” 0.10 0.75" 0.78" 0.74" 0.68" 0.61° 0.72"

e e R KO8 BE M A B &M &, TR Note: *and** indicates significant correlation and extremely significant

correlation respectively. The same below

2.2 KEAREEEHLIERIMIESE

2.2.1  PoplbEFRAE B R 5 A B W
5 )2 K i R SR I SRR S
TR A, 2 B - ST i Bl R A T A S o
SR RIS, HAER—+2, W, s, JF
T R 25 2 [ e 22 R B (R3) . 7F
0~5cmt )z, BB ST, JLERK 0k
RN33.92 g min™', ZJE KR RE WAL, T
AR BN B/ ME, M18.46 ¢ min™', IR B+ 4
Ul vk s, (AZ5SEH . iR RSOk I 1 et i
M2 R RIBBN B E KT, A5 ~10 em )2, HH
SR R 3O - R K 9 A %50 51 R 38.79 ¢ min ™!
F10.58 g min™", SOk 4 HEE K 3 i R T &=
14.60 g min™", GRS FL A AR 0T B ST w22

S, (RS 3EI 5EOR bt 22 F AR A
BEIKFE, 10 ~20 ecmt 2+ HEF K f fiE 3 R 0]
Hi139.56 ¢ min /N R IR 18.24 ¢ min™', 5
0~5 cmt 2 HEGTMMERE, HIZE&EFHL
HER K AR B TS5 ~ 10 em 12, BEH10 ~ 20
em )2 HIEHUMMEM TS ~ 10 em 2. HAER—
AT, 0~5 cm 2 TE A RO 4 BEHT
BESTHAWLZE, H5~10 cm)27ELE I |
LeoRE S FN ORI T T B T A 12
For e i 22 S B AR B W KT

2.2.2  REGAHRFRN A 35T ol M A 1 58 300 H
EI4RT LA, KOARRAX 4 12 S gEhi v 35
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Table 3 Soil disintegration rate relative to growth stage of soybean (g min™")

j:b:é b iy ERTNAY
Soil 1 ] I TFAE] 4535240 iRt SOk
oil layer
( }; Seedling stage  Branching stage Blooming stage Pod bearing stage Initial grain forming stage Seed-filling stage
cm
0~5 33.92 £ 1.15bA  28.43£0.98bB 24.84 + 1.45aC  20.72 + 1.59aD 18.46 + 0.86aD 20.74 £ 1.42aD
5~10 38.79 £2.45aA  31.73 £ 1.40aB  24.31 £1.39aC  14.89 + 1.34hD 10.58 + 1.49bE 14.60 + 1.25bD
10~ 20 39.56 £ 1.58aA  33.73 £ 1.41aB 2596 +1.52aC  19.92 + 1.41aD 18.24 + 1.14aD 20.15 £ 1.34aD

. (-5 cm A2 0-5 cm soil layer

é 3 5~10 em:J2 5~10 cm soil layer
gg_g L mmm 10-20 cm L2 10-20 cm soil layeg A
Lz I
3.7 aB aA
HE !
E206f Ao ovallba o
:—_9 bB bA bAB
_i!:-":' aC pie
=3 abC
%—; =041 bB
= aly
a E abD
302 aE bC
= bE
= bD
0.0 s ax "
UM RO JFEN) 45IER dhRn SORDY
SeedlingBranching Blooming Pod Initial grainSeed-filling
stage  stage stage  bearing forming stage

stage  stage
F T E M The growth stage of soybean
B4 KREFESAE PR ER AN Bk g m 3
Fig. 4 Enhancement rate of soil anti-erodibility by soybean root

system relative to growth stage of the crop

FAAHIH0.53. 0.73F10.55, B KR GAR R AR
BN H5c 55, O 45 1 2 - ST i 35 58 R 433 hy
0.15. 0.01F10.01, 0~5 em T )2, SCRIAKTRFE
Xof A HEHT b P 1 RN A T LR R 4 IE I 2 (]
HE5 " HERARE. 5~10 em )2, MHRIFIZE
FEIAR AR RGBSR 22 AR E . 10~20 cm
T2, 5T MR R ORI K AR R
PP B SR AN, 2 ) 25 S B AR GA B B E KO B iR
LA, FERl— L)%, &4 TR G R X - geht
Tl 1 SR RN, 22 () 2 S R B i KO o R IR
AR FR A AR O 3R 2 A HEBT ik 1 38 5 A R AR
L, BRE R AR &R KRGS FOR A BT 3 R
PUAR X L 43 FRORI AN IR 1) i

2.2.3  HHEHUE SRR FIES B CR 73
WA ERAN, d K 0 i 5 5 AR AR
RFES R HUIME (F4) , VLB 5T

R4 REFIEFEMEXRSRERAFESHMBEXE

Table 4 Relationship between soil disintegration rate and root parameters

+J=

MK Root length

] R % WRFEWER WEEKH LiEEF A
Soil layer BAREK
Root weight density Mean diameter Root volume Root surface atea <0.5mm 05~1.0mm >1.0 mm
(em) Total
0~5 -0.86" -0.14 -0.84" -0.89" -0.88" -0.83" -0.75" -0.87"
5~10 -0.81" -0.21 -0.80" -0.85" -0.86" -0.82" -0.777  -0.85"
10 ~ 20 -0.87" -0.11 -0.73" -0.92" -0.87" -0.74" -0.65" -0.84™"

S RERRRREY . 724 LR, LIREFKE
iR AR TR AR AR IR L SR AR SR AR O
PR BRI B E K (p<0.01) , HAMKCRE N
FUE, X R T IPAR R LT A 4 5 A AR
P o e L TR KO A R K R R KSR
PEAT AR B, AR EM : BR10 ~20 em 1),

IR > 1.0 mmAR KA S A B B K P
(p<0.05) 4b, 2% 1)z 13 i fi 315 4 R R
KB ARG PR B B B 2 KF (p<0.01) , H
A5 ZRBBERR 3 G el S B M R A e, xR
Bl < 1.0 mm (R HR 38 G JEE R3S e 1 11 1
5 ] BE 2 BN AL
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Soil Erosion Resistance of Sloping Farmland under Soybean Cultivation
Relative to Growth Stage

WANG Jilei' WU Faqi’f
(1 Institute of Soil and WaterConservation, Northwest A & F University, Yangling, Shaanxi 712100, China )

(2 College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China )

Abstract [ Objective] Soil erosion resistance is one of the main factors affecting development of soil
erosion. As the Loess Plateau is one of the most severe soil erosion areas in China, it is especially important
to characterize the soil erosion resistance of the region to management and control of soil erosion on the
Loess Plateau. Soybean, high in drought resistance, is one of the major crops commonly grown on the Loess
Plateau, and the one that grows in the season when heavy rain showers occur frequently, and consequently
soil erosion tends to take place in the region. Therefore, a field experiment was conducted to determine
characteristics of the erosion resistance of the soil and their relationships with soybean root system relative to
growth stage of soybean. [ Method] Soil anti-scourability and anti-erodibility are two important parameters to
evaluate soil resistance. This study determined the soil anti-erosion ability characteristics based on soil anti-
scourability and anti-erodibility. Based on the determination of the two indices, soil anti-scourability and anti-
erodibility, soil erosion resistance was characterized. As soil anti-scourability index and soil disintegration
rate can well reflect characteristics of soil anti-scourability and anti-erodibility, these two parameters were
selected to evaluate soil anti-scourability and anti-erodibility. Soil anti-scourability index refers to the time
it takes for rain water to wash off a gram of soil (min g”') , and soil disintegration rate to the amount of
soil disintegrated within a set unit of time (g min™') . The effect of soybean roots enhancing soil erosion
resistance is evaluated by measuring how much soil anti-scourability and soil anti-erodibility is enhanced
by the root system of soybean at different growth stages of the crop. [Result] Results show that soil anti-
scourability and anti-erodibility varied with the crop growing, showing a similar trend.Soil anti-scourability
index increased significantly from the seedling stage to the pod bearing stage of the crop, peaked at the initial
grain forming stage, and then decreased somewhat from the initial grain forming stage till the grain filling
stage, while soil disintegration rate decreased significantly from the seedling stage to the pod bearing stage,
dropped to the bottom at the initial grain forming stage and then rose a little bit from the initial grain forming
stage till the grain filling stage. With the crop growing, soil erosion resistance displayed a decreasing order
of initial graining forming stage > grain filling stage > pod bearing stage > blooming stage > branching stage
> seedling stage. At the seedling and branching stages, soil erosion resistance was the highest in the 0 ~ 5em
layer and the lowest in the 10 ~ 20 ¢m layer, but during the period from the blooming stage till the grain filling
stage, it was the highest in the 5 ~ 10 cm layer and the lowest in the 10 ~ 20 ¢m layer was worst from blooming
stage to seed-filling stage. However, soybean roots could significantly strengthen soil erosion resistance.
The effect was the lowest at the seedling stage and the highest at the initial grain forming stage. Soil erosion
resistance was significantly and positively related to root weight density, root volume, root surface area and

total root length. Therefore, soybean root system plays a key role in soil and water conservation and prevention
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of occurrence of soil erosion. Therefore, root weight density, root volume, root surface area and total root
length can also be used as the parameters to evaluate soil erosion resistance. [ Conclusion] Soil erosion
resistance varies with the crop growing and depth in soil profile. It is quite low at the seedling and branching
stages and in the 0 ~ 5 c¢m soil layer. It is, therefore, recommended that measures be taken to strengthen soil
erosion resistance in the early growth period of the crop. Meanwhile, some rational agronomic management
measures, like mulching, use of cultivars that tend to have developed root systems, could also be adopted to
improve soil erosion resistance of soybean fields.

Key words Soybean; Slope farmland; Anti-erosion ability; Root weight density; Root length
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