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BRI F KBRS AR 40% , FKRE MM 560
+ B IR 2= B AR . KRR KRR E
5 R MR TR, AR R 2 R i AR S HO
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1.1 HREXHR
B 5% XA F KV Ui VR T K R A BT S

TR K MEV SR (104°347127 ~104°35'19" E,
30°05'12" ~ 30°06'44" N ) , RJ@ T VUIE % HH
HEVTIX AV . 2% DX S A Z KU, AR <R
H16.8 °C, 4 HEBEHE A1 300 h, FHIHFY K
K300 d, 4EHFEKEN965.8 mm, FEEF T6—
9O, AN EFREKEBENTO% . W5 X IE T M
T H e g A, DX P K 3 AR A ok A Ry
A HEHL, DAFIRE EK R 3E, RO, SRRk
SR
1.2 ke sl

M 58 3% T AL RE TR ORI L0 R e
(P E RS 2K SRR ), HIE
AL EL, M ER S IEL 6, T2014
A 2B AT EAE, 171590 cm, FEFE25 cm. 45
Fhal, LML (N) 250 kg hm™, #EAE (P,05)
125 kg hm™, KT ATHHEE I ZUE (N) 150 kg hm ™,
AMENIRE (N 46.3% ) , BEIE Kok B W5
(P05 12% ) o HAh A FEAE i 5 24 Hb R #F > 151
— 3

F1 i T IREAREB UL

Table 1 Basic physical and chemical properties of tested soils

R ZH 1 WA
N Soil Particle size composition ( % ) NE ﬁ*}lﬁﬁ ) Alkali- VERy e AR
js::f b HiSand i kiSilt FikiClay Bulk density pH O[:j?:: Total N hydrolyzale Available P Available K
(2~0.02 (0.02~0.002 (<0.002 (gem™) Ceke) (gkg") N (mgkg') (mgkg")
mm ) mm ) mm ) (mgkg")
AR
E(5]7RR
Purpli-aquic 49 29 22 1.21 7.5 11.62 0.73 40.13 14.08 86.64
cambosols
13 WAt B35 m?, BEFTHS) REAESS %L 1. HUEFIIIX

K F BN X 5N TR 40 8 TR A 285 6 19 AF 53
e, FEAROMY B VL b A ol B U5 5 A AR PR R A
B AT 2 O 0 3 560 3 R AT o B T 0 BT 0 S o
A, MR XL B/ L oA TS I AR A
R Y RW/NKABE N2 mx 1 m, SER
15° . S5 G S ZB A s, NN ZER . &
i M By B 25 . 408190 em (&) o FE
T 2% B O SRAVEF SRS 2 XN TRTHARE R 2%, Wik
RGN FEEV-80100, R FHH & FEFRN 5 7RI/ X
PR XoF W [ /N DX R, AT 7 6 m, AT 2K T T

ZAF IR SCHERHC S 1 B I A3 S Re A, BT RN
1.0, 1.5F12.0 mm min™"; BRI ANIE =0T 45 1 b
A G Y MR A, T R A ] O k3R
WS 4245 min, I LUK H BUS B9 /N X 237 7
AR A S5 T iR ol o v i . iR
F20144E5 AR, 50 FE KM H . k1. il
T RN B AT o E BRI B T IR 25 R
W /NKRIK . 20Y8 B B b — 185, 4K
ZB R FE— 2, THBRAT— e X S e A5 SR
S, TR B 3K, Hi3635 % .
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Fig. 1 Designing of runoff plots
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L, A0 FRBEARIEA, m®; LW ERS T
MR, my WO FORS R iR SEAL TERE , m;
B IE ZEC, H0.75 175 o BRR K B
B LAUA M RUE R A 8 bk K B T
m’; p N EOKFPREE, #R/m?, m R IE R, E
KT 36 VR VBSOS BRI e . R R
WERRIC SR IR I . BRI B 494 7™ Az Ik ] B
FRERFIA] s BRI BLS , BEAIBE3 min, WAL E
AR AE— IR o

K A BUE D E AR, TR I e v
BV R, SRABIK AL (RIETX10) il
Y R B RO, TFRELAN TAiC s 4 2%, 39 R
ANV, BARAIE B ot T AR i I
TR o
1.5 ZiR4biE

K FExcel 2013, DPS II.O&Origin Pro 9.0 #&%
PFBEAT T A, Hoh O 22 20 M R IR 38 58 4
BEMLETT, 28 ECR &R/ 322 Rk (least
significant difference, LSD) .

2 7 R

21 WMHEAESBERESTH

HR2FTH, TEARFIN AT, ME EX
AR HESE BT L BRIR B A A0 B
ik ] 24 S22 50 184 T v D B R A el g B A
B R . 1.0 mm min 'FISRSSPETR, Fl A 10 A
I JC I A, 1.5, 2.0 mm min ' 5E
KT, ERSAERKMYE W B WE A E
1.5 mm min ' W F, SEMAEL, K. #h
T 350 0 ok A 4 9 BRI ] 4 S HER T 157187,
39'21"f122'46"; 1£2.0 mm min W T, Hl
T 300 A LAt A 0 Al 3 s B A R R R, X 5
1.5 mm min 7S fL B — B0, FWALE T oK)
b QT DRl o RS R - 1|3 IS St | RS R =
TR E R . A R N, £
KA AR PR BRIk K A B R Y 5 O
ANEER G KT, 51.0 mm min 'AHEE, 1.5,
2.0 mm min~ T3 4 4074 H B0 R] 43 B R AT T
31'33"Hf136'12" . HAbA K AR A, Xk
A AE HAth 2% — SR, WS A 38 hino 40 98 2 B AT
PR

TR AIA, 78 FORS AR, BRI
T BG4 8 2 /B . AT
M, 1.0, 1.5, 2.0 mm min~ T 98 R AR X 1Y
FA TR 2092 29.73 . 17.18 . 16.77 mm, A7
X 07 B e 4391 S450.05 . 27.75 . 27.70 mm. i
AR, DX AERIR, B (#2)
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VA 78) JIr i ek Tk e A A 0 Ay o o 22 S 14 s
WM HI L BT R S e A
RO ] B ~F- B R R 1 43 0l A 21.22 0 27.17 . 49.11
M36.37 mm, 28 (FEZE ) XF N 04 F 25 K W i o
W oh34.78 . 46.15, 73.66159.84 mm, 4iH X} N

(- S T 14 3517 . 48.91. 81.63F165.82
mm. S5 E R R GRS, AT IR
FFE R (25.1 ~50 mm ) B ELflME . Ul 7E
FEFH (50.1 ~ 100 mm ) I 05 X6 BHF 5 X 28 355 T
YA A2 T B A

%2 FRMETREMIEME S TRH LN

Table 2 Critical times of the environment of rill erosion on slope land relative to rainfall intensity ( min’ sec” )

.-l
1.0 mm min

-
1.5 mm min

2.0 mm min”'

e KB PRI BRYOTAEN 40 PRI BRI AR AiA B PRI BRPOT A A
. [B]Runoff [ Drop-pit A ARl [B]Runoff  [B]Drop-pit  H[E]Rill [B]Runoff  [B]Drop-pit  HJ[EIRill
Growth period
generation occurrence occurrence generation occurrence occurrence generation occurrence occurrence
time time time time time time time time time
Hi Y
4'49" 29'44" 50'03" 325" 1127" 18'30" 2'50" 823" 13'51"
Seedling stage
P
5'52" 35'44" 5521" 4'31" 1727" 33'48" 323" 9'48" 2020"
Jointing stage
Eilipci
12'40" 55'47" - 815" 39'07" 57'51" 533" 16"26" 38'14"
Tasseling stage
AN
6'18" 45'28" - 4'52" 25'31" 41'16" 336" 12'41" 34'52"

Maturing stage

W B 27 RRILEAMEIE N Note: In the table “-”

indicates no rill formed

&2 2.0 mm mm"ﬂﬂi?iﬂé%iﬁ,ﬂ;ﬁ2H1(’AJT§’EE£’7§

Fig. 2 Morphology of rills erosion under the rainfall intensity of 2.0 mm min™" at different maize growing stages
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Table 3 Parameters of rill erosion under the rainfall intensity of 2.0 mm min~' relative to maize growing stage

07540 Number of rills

Fie K74 Longest rill

75 Length
of rills (em)

SEXVH FE Mean width  FH47A T Mean depth
of rills (em ) of rills (em )

Growth period - -
Upper ridge Lower ridge
R 2 3
Seedling stage
3] 2 2
Jointing stage
e 0 1
Tasseling stage
I 1 2

Maturing stage

77.62 6.25 4.04
65.24 5.13 3.55
59.80 4.03 3.23
62.55 4.36 3.48

FFI A T AR BB Sy il 3 B IR, 2B R Fdik, 28
TN E K ERZE M, 28 T KR R T 32 5 B 3
RAVE o ARG RN, BRI W AV R IR 2 K
A AEBR B B 2B .
2.2 HAFRMERREFE

WMEB3FTR, 1.5 mm min 'THSRAN, 4075200
B B /IN DX i o i e A A R B 4 R 2 S D JR
FREr ks, BARRI I > 50 W > 2l >
FhEE . 1.0 mm min 'FRR SR, SEIAHEL, &
T bR B R 2 A 1 AR ik B B /N DX G
4 R 48.78% , 81.65%F181.08%, 1.5 mm min~'
W SR A5 A0 T, Jl i 3 200 V8 4R Dl B B /0N DX 3 I
FALTH A AR, A AR R 2 2 A B3
2.0 mm min” FSRAME T, 407642 0l B 45 A K )
AN TR R R 25 BN W, X R A KR 5
11 N YR 2 = o 97 N i A B 2 11 A N R £ b o
ZFBN ST, AR B B
Tl R BRI 930.97%, RS & E ok ER
TR A LR /N, AU 19.01%, 1.0, 1.5 mm min™
MR T, R R E R

Bl 5 R R 0, R OK A AR K A I 4R ik By
BUNX =i Y B L R I S
WIAF R SR B 4078 i 22 5 B . FoREH, 5
1.0 mm min A, 1.5, 2.0 mm min W3R 4074 7=
TSN T 67.33%F1166.75% , HAbAE K
AR, XRATE KRR S, WX 48
i ELA W A IE A .
2.3 WHFERAMBTTL

MEAfR, EARNRAG T, ER&EEK

T HRARIE B AR RROR R —F s T, A A KW 7Ep < 0.05
K EREREE; AW ERFRRRE AT, AW
MRAED < 0.05/KF E2EREFE . TR Note: Different letters on
the histograms indicate significant difference between different
maize growing stages at p <0.05 level and different superscript
letters mean significant difference between treatments of rainfall

intensity at p < 0.05 level. The same below
K3 AR 8 T K% A KA i B R fiE
Fig. 3 Volume of runoff relative to maize growing stage and

rainfall intensity

O A4 V) A2 T B B /0N DX 777 i 23 357 o I I B () S K 2 3
2 EFHR RS, 7E1.0 mm min” HEREAMT,
B A VA AR B B /N DX i R Bl R B ARCOR T
e S R0 RSC A i Bl B /S, ST A AA R ik
R, VAR R B BN X R R RS
FE1.5 mm min” TSR AT, FERFETE ~ 24 miny
FRgeygm, miEfEd sl TR EREADEW
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Fig. 4 Variation characteristics of surface rill runoff relative to maize growing stage

T, R HR TR R Y s, HIEhE
BERCR, A 3 7 3 AR A R I R
I L E W, BB, 18 minj5 2
Fret K%, WiJ57E33 minfhZEHia TRE . &
2.0 mm min BREEMET, U R AR S i B
G, HERKEERKFL.0, 1.5 mm min W3R, &
7 AN B TR A0 T 30 ming /N X R 14
BTRE , B ) K g ) 7 g ok R 2
SR
2.4 ARSI EERE

KSR, 1.0 mm min 'FGH, B EKRAEK
e, A By B/ D v S e S 1
s, FARRIUN T > B9 > niJg > fmk
W, 1.0 mm min FSREAF T, AU R0 B
DXy 0 b B R K A IR SR T ARG, L% AR K )
ZEANNE; 7615, 2.0 mm min PRSI T, W
A A 4 Tl B B/ DX b R R R T A AR K
TR . Tl AR ) 22 e 3, k3R

T RN R BRI, oK v A 2B 30 1 0 9 R b e O
i, HABA KA, H 22 RN
WA 55 P30T, A TR A AR R I, AiiA

KI5 ORIEIFTSR TS KA AR M 45 = Vb i AR
Fig. 5 Sediment yield relative to maize growing stage and rainfall

intensity
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HERIGES . WL SO AR, 1.5, 2.0
mm min” WSR2 VP 2 S T 1.0 mm min™,
IM1.5 mm min"'52.0 mm min"'[8] 22 558 8 3% .
2.5 WAL HMEEL

mEe6fR, ANFEMMERAMT, K&K
20 TR A ik i B /DN DX b 30 B B g T ) S K 52 ) 5y
A, 7E1.0 mm min” WSRAET, A4 KWN
VAR PSR AR BN, BERERT I ] AE G, =
B TRE; 1.5 mm min WIRAMGT, B

PP RAEL2 ~ 27 minNIFEEHTIN, S PB4k
1 S 20 7 v AR R S [ SR AR 5
W RN K B AT B E , 5 g,
{HEE IR AN #£2.0 mm min” HERAAE R, B
PP BTSNV T B BER BERE 1 AR LR AR, ARl
KB BE 12 minft S PRIE(E R 15.51 g m~ min~',
MJEPesh R, Hofb A KM v RO e, X%
WY, TE4E R ERI, AVA R Bo N X P b Fa ik
AR, FEW G B TrEE

Ko KA IIAA ™ 1 3 S AR AL RE

Fig. 6 Variation characteristics of rill sediment yield relative to maize growing stage

2.6 EXREKHAMAREEWEE
HRATTHN, FOoRMEm . PR spkitm AL, ot
T FEUHE H5OR 7 25 5 359 Bl 6 K AR I A 0 22 S 5
TR RS, H3 T 0]k i ko bk i A i
LIS B R =i eI E a1 R e
WARIER N, ZRARE, WA REEANER
WS IEAS A, A T°0.15 ~ 2.34, ELP-Rpkitmif
I TR AR BATE AN [ A A 0 ) 22 S Jd 2 o A e 7 5
FER IR B E, HB & T HAb AR K

HIRSRAL, AR B, 7 I fa] 5 i
BUR B B EIEROG, Rl b 5 ok i A
FRECR BF SO R . Al UL, I RS B 58
REWS A ROE B ST S 18], I 7 — T B a2 240
AR Vb o SRR V) B ] 5 R i
WFE AN, FEWIF 5 I A4S S T ek . 4R
DU RIPERT, (et Ak T o AA Rk B/ X
TR FRT 5 S AR A IR AR G

AR T R AN [ A A 300 i i AR ORI 56 % 400
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Table 4 Plant height, leaf area and coverage relative to maize growing stage

-4 g TR

Mean leaf area per plant

AR Beini

Growth period Plant height (m)

LTRSS (e id w5

Leaf area index Coverage (%)

(m® plant™)
T Seedling stage 0.44c 0.04d 0.15d 11.33¢
AW Jointing stage 0.87h 0.25¢ 1.0le 58.67h
il 1) Tasseling stage 2.15a 0.59a 2.34a 81.67a
Y] Maturing stage 2.12a 0.34b 1.36b 66.33ab

¥ BHARE/NG FREFERA Iﬁlﬁiﬁﬁﬁllﬂﬁp <0.05/KF F2Z R B2 Note: Different lowercase letters indicate differences at the

significance level of p <0.05 between different growth stages

%5

M5E. MERSEIRMBEXRE

Table 5 Correlation coefficients of rainfall intensity and leaf area index with rill erosion

BRI BRI i)

7L s ] ) i) 5 B[] 7 21l Vb i Sediment
Drop-pit occurrence
Runoff generation time ) Rill occurrence time Volume of runoff yield
time
i 1 ARG 2 . .
0.77 0.57 0.52 -0.38 -0.63
Leaf area index
(g
Rainfall -0.56 -0.82" -0.67" 0.93% 0.56
intensity

e RRIER R OR E AR BE A OC, FEAK(n=12 Note: * and ** indicates significant correlation and extremely significant

correlation respectively, and n=12 means the number of samples is 12

PRV R AT A A A, A5 R (3) Ak
(4) B

0=-263.4 LAI+1545 I-785.2, R’=0.95" (3)
A=-227.6 LAI+386.2 I-33.98, R’=0.65" (4)
A, ONMFEZH AR, ml m™ min™'; LALK T
BIEE, MR, mm min™'; AN
g m” min"', 3 (3) ALHL,  EOR IR AN
TR TR S SR RN R S A B S R G R, I
TR (3) HESR 50 68 1 1 28 Bl 1 5 oK = AR R
5N B AIE R Y BN PR . X (4) PR,
XT3 B 1l A4 V) 4= b B B ™ b 28 5 e TR AR BORTRR
s ELAT B AR DG, PR Ub SRy 1A T RIS B TR
BEAKF (p<0.01) .

3 9
3.1 EREKEAMOLKBHE

FEL 0% 78 55 O 52 ) B Ak . 1 AR ol i) R R
Z—, FEARHL B AT AR . AR, AR AT

AR AR, IR A K IR P, A
SR o BAT R IR RSO Y B
FORAE R HERE , KT AR B, ST IR
RS ES e IR T E - ST L b
W R R B ORI, MR R
W Ak EEE, MEEcE KK T R
K, FEMTEEYEZENT, B EZ
W BRI RCEBW L AR R KRR AR
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¥ (h=0.44 m) . M A mEBFEE/N (LAI=0.15)
FAEZ AR, WikEER Rk, H17
Ve, Pk, TR, —Jrm, T
MR AR IR, AR B K (LAI=2.34) ,
AR 68 22 T A8 T 1 2 0 3R T A e, B3k b
TP A b Vs S Jr i, AR R R B
KT NS TR AR, BENE, §
FIOZ IR 013 7 3 4 A 1D S T At AR K0

T oK I RN YT 0Tk IR A0 ) L B[] (] B
BEH L b e R s G ] B e R R . gk A
aiE DO D Y M A I 4 7 A G s ] ] R AT A
Sy T MR A AR AR i B R AR o, FRIAAR
I, AR B 5 = A diva AR i, 3
FESHHEMBI A NS . £ LR A ER/NA
ST Mgk S P Mt WA AR R
AFLR B4 [ B B TR0, /N T AR 25 2R, X Al e e
P P 5 N ) AT 1 7 35 25 S T
3.2 ERAE KM RIS E

FE1.5, 2.0 mm min  MSRAME T, WHI4NIAR
TR BN X AR v R 3 2 e T AR K
Wlo UERHAE FOKYE I, MR AN AR G
T A s K T A0 M AR U e T
fb Az K3, X 5 A oY 5 AR . R — W o Ak 1
T R TR A RN XA Y 4R 1 T 1 25 S8R
K, T 2E RN, B R KA ARG B THT 4 7
P R AR 0N, R B A B 0 Y
FIHTHPE 270 R AR AR W B v ke S B A
Mo BRTIAN, HothA: K 14078 7= v i f i AR 4
2%, VAR FORM RS EIREN, REA BRI =
TR B =V B S M . FORTEE AT AR, [
R T BERR BhBE, W I AT RS, RRAIR
AR RTNIOE S S s W [ SN s Wy N 150 T
3.3 MHEPEHRSHIRMIXR

PR 4% 01 ok B A e ok A 5 5 kTR T
Vet . MR NG RYELENMEC, 5
A A TR B 256 7 FE0=-263.4 LAI+1545
I1-785. 28 AL o T oK 2 33k #F Hb 40 1 4R ok B BB
7 R 5 T AR ERORT RN SR 9 119 7 RR R E] T
W BT s P N RS, W
- 18 AR RS B E R P O R M, =1.188S-
4.157LA1+36.86, M.=20.835-51.20LAI+139.7,
MR E (Lm™) , Mo E (gm™) , X
ARG G5 B — 2. nT DL T AR B AR B

KRV fE R MR I 2K A — B, TR
PR T 0 B 9 X R 7
.
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Characteristics and Influencing Factors of Rill Erosion in Slope Land with
Contour Ridges during Maize Growing Season

Abstract

WANG Pengfei' ZHENG Zicheng'

ZHANG Xizhou''

LI Tingxuan' LIN Chaowen’

(1 College of Resources, Sichuan Agricultural University, Chengdu 611130, China )

(2 Soil and Fertilizer Institute, Sichuan Academy of Agricultural Science, Chengdu 610066, China )

[ Objective] Rill erosion is particularly serious on slope croplands of purple soil, where

maize is the main crop. Therefore, it is a great significance to study how rill erosion occurs on the slope land

during the maize growing season to evaluation and effective control of soil rill erosion.

[ Method] To that

end, a field artificial rainfall experiment was carried out for determination of characteristics of rill erosion on

such slope croplands during different maize growing stages, and for analysis of effects of leaf area index and

rainfall intensity on rill erosion process. [Result] Results show that with maize growing in the field, runoff

generation, drop-pit occurrence and rill formation varied temporally showing a rising-and-falling trend. Rills
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appeared earlier at the seedling stage (27'28" ) than at the tasseling stage (48'03") . The average interval
between drop-pit occurrence and rill formation was 10'59", 15'30", 20'16" and 18'58", respectively,
at the seedling, jointing, tasseling and maturing stage, which indicates that rills formed much more easily
during the seedling. When the rainfall was 2.0 mm min~' in intensity, the rills developed best in morphology
during the seedling stage, with the longest rill reaching 77.62, 6.25 and 4.04 cm, respectively, in length,
mean width and mean depth, and with the crop growing on, the volume of rill runoff at various growing stages
displayed an order of seedling stage > jointing stage > maturing stage > tasseling stage. The volume of rill
runoff during the tasseling stage and tasseling stage accounted for 30.97% and 19.01%, respectively, of the
total of the entire maize season, and the runoff yield rate during the two stages was 751.48 ml m™ min~' and
461.23 ml m™ min™', respectively. However, the runoff yield rate, regardless of growing stage, displayed
a generally rising trend, though fluctuating in the process with rainfall going on, and it fluctuated more
obviously during the initial period of rainfall and gradually turned stable later on. Such fluctuation was higher
in magnitude during the seedling stage than during the tasseling stage. The seedling stage was the highest
among the four stages in rill sediment yield rate, reaching 6.96 ¢ m™> min™' and followed by jointing stage,
mature stage and tasseling stage. Rill sediment yield rate fluctuated with rainfall going on in all the stages
and the fluctuation at the seedling stage was the highest in magnitude. Under rainfalls 1.5 or 2.0 mm min~' in
intensity, rill sediment yield varied sharply between maize growth stages while surface runoff did not much in
volume, which indicates that the effect of maize plants conserving soil was realized through reducing sediment
carrying capacity of the runoff. A significantly positive relationship was observed between volume of runoff
and rainfall intensity during the rill erosion stage (7=0.93"") in slope maize fields, but negative ones were
between rill sediment yield and maize leaf area index (7=-0.63") . The regression equations of runoff rate
and sediment yield rate with leaf area index and rainfall intensity were rated at an extremely significant level
(R’=0.95, R’=0.65) . [Conclusion] The findings in the study demonstrate that it is feasible to effectively
control rill erosion on slope lands cultivated with maize at all its growing stages.

Key words Slope farmland; Rill erosion; Maize growing season; Leaf area index; Rainfall intensity
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