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Effects of flue-cured tobacco plants on rainfall redistribution
and runoff generation with simulated rainfall

LU Kai,DUAN Yingdan, WU Bozhi

(Faculty of Agronomy and Biotechnology Yunnan Agriculture University . Kunming ,Yunnan 650201, China)

Abstract: [Objective] The effects of flue-cured tobacco plants on rainfall redistribution and runoff
generation were investigated to provide basis for controlling soil erosion and sustainable use of slope land.
[Method]) Stemflow, throughfall, runoff and infiltration were measured indoor by rainfall simulator under
different rainfall intensities of 40,80 and 120 mm/h. The relationships between stemflow, throughfall and
runoff were also investigated. [Result]) Stemflow, throughfall and throughfall ratio had significantly posi-
tive correlation with rainfall intensity,and there was remarkable and negative correlation between stemflow
ratio and rainfall intensity. The throughfall and stemflow accounted for 24. 66% —28.79% and 71.21% —
75.34% of total precipitation under different rainfall intensities. The stemflow was partitioned into runoff
and infiltration under rainfall intensities of 80 and 120 mm/h, which accounted for 16. 90% —20. 54 % and

79.469%—83.10% of stemflow,respectively. The stemflow was barely changed into runoff under rainfall

Ll B W] 2019-09-23

[(FE&WH] AT CRADBHF £ 30 (201503119) 5 25 7 H R Tk 5 BR 5742 7 3 A B30 H (2016 YLO5)

(&Nl B #1Q984—), 5 WAL R » =5 g TR 78 S . 322 FAE Y BRE 2 5 3 B 2 F5E
E-mail :378632822(@qq. com

LGEFBEE] RAKA60—) . B, Zm BEN BRI 1A 200, EZNGAEYPEE 5K LRI

E-mail ;: bozhiwu@ outlook. com



82 P JEAMB R 722 4R CB AR 4 O

48 &

intensity of 40 mm/h. The ratios that throughfall was partitioned into runoff and infiltration were up to
40.14% —66.19% and 33. 81% —59. 86 % , respectively. The ratios from stemflow and throughfall were
0.82% —10.07% and 89.93% —99. 18% of runoff,and the ratios of stemflow and throughfall to infiltra-
tion were up to 42.19% —44. 21% and 55. 79% —57. 81 % , respectively. [Conclusion) Stemflow is mainly

partitioned into infiltration after rainfall redistribution,and it contributes less to surface runoff. Runoff and

infiltration mainly come from throughfall.

Key words: flue-cured tobacco;rainfall redistribution;stemflow; throughfall; runoff generation;simula-

ted rainfall
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Table 1 Rainfall redistribution by flue-cured tobacco canopy under different rainfall intensities
[R50/ (mm « h™ 1) R /L ZEFFHR/ % FHEWNE/L FIBEWER/ %
Rainfall intensity Stemflow Stemflow ratio Throughfall Throughfall ratio
40 2.45+0.03 ¢ 28.79%0.37 a 6.04%+0.03 ¢ 71.2140.37 b
80 4.3840.12 b 25.7940.69 b 12.60+0.22 b 74.21£0.69 a
120 6.2840.27 a 24.664+1.09 b 19.18+0.28 a 75.34+1.09 a
Corrji?ié(i?(()zfrf)iciem 0.996" " 090977 099977 090977
PEMiR)E/(mm+ h™ 1) ZEVZE BT /L B FEIBEWR/ % ERFEHEWE/L BIRGFBWE/ %
Rainfall intensity Throughfall on furrow Ratio of throughfall on furrow Throughfall on ridge  Ratio of throughfall on ridge
40 4.897+0.08 ¢ 57.60£0.99 b 1.15£0.06 b 13.61+£0.65 a
80 11.0840.15 b 65.25+£0.86 a 1.52+0.20 b 8.96+1.18 b
120 15.88+0.06 a 62.37+2.28 a 3.3040.57 a 12.97+2.45 a
MR AH ) 0.995" " 0.573 0.893" —0.109

Correlation coefficient

T« RSB JE b A /NG 8RR 7 P<<0. 05 K P EZRBE.

x % fRFELE P<0.01 K | B 2EH L.

Note: Different lowercase letters indicate significant difference at P<C0. 05 level. “ * % ” indicates significant correlation at P<C0. 01 level.
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Table 2 Redistribution of stemflow and throughfall

ZEFF9/ % Stemflow

ZEi% T/ % Throughfall

R TR 38 % /(mm « h™1)

Rainfall intensity

TE WAR Ui # 53 He f51

Ratio of partitioning

B 185 oy Lo il

Ratio of partitioning

TE AR i 23 LE 1 TE B I 3 23 He 4l

Ratio of partitioning Ratio of partitioning

into runoff into infiltration into runoff into infiltration
40 0.74 99. 26 40. 14 59. 86
80 20. 54 79.46 64. 04 35.96
120 16. 90 83.10 66.19 33.81
s W B AB G BRI i S - i B AR

A FE 5 A A R 25 I S 2 R o B R
RO N 4 P = I8 R N = i/ T
MIZEIE R X 51 A AE AR b F g8 45 10
— B ZEFF R R N R R OO,
b A 2 5 0 T AR D R R L R A e AR T L
2 IR LT R e 1 RS PR A T BT S 2 R
58 5 /NI (40 mmy/h) L T ph S8 i R R Bl
W 5 /0N o R TR B TS AU 22 R KO & AR
B 78 25T 5 T 24 A 0 B 4K IRF (80 1 120 mm/h)
TR el T R e e 4 e R R B T R K
ISR 5% 1 LG 2, 3 BT AR 5 AR S T
heds AT R R K R ) S R A I AR 41
I T T 2 ) 8 A DA P TR K T I B AR L B
6T 43 W K I I AR I 2R 3 {25 I = 1 4 i K
I R A A, DT 5 R T I S A R R A B K
TG R ZEAF IR A R M Al . A SR 45 R i R W,
Wie T 22 00 AR PR P23 G 5 FL 2R 0B T E B o A TR
T8 T B 3 28 A 14 DU A /0 3K RT B H 1 0 K
M B BEROR B IR R oy R 2B R BT R
W20 B 28005 T ik BB g WL 4 T b, Hop
RER 43 U 3 WK I 2 A S TR A R B B i
BRI TR KB /0 5 T K BR V& 2= 0 00 b B B4/
MR (R BEAR K AE i 25 2230 , B B 43 55 4k R 25 5F
TRAL LA U AR R 2 R v 28 R )2 I o DT B
B G 2 2E N L B 28 I O 0 TR A

PN =N-A

S PR RE S R M 3R MR R AS B

FEPR R R T R AL /N T R A8 R R K
PAAGE O T 24 R T 5 B R T A8 R, TG
T B B TR K N A M SR AR T AR . A
WEFEH 2 R R 58 B /N 25T L T A S 5 iR
R U B 5 T 24 ok T 558 J8E BRI L 24 1/5 B 25 AT IR
Z 5 T IR B 20X — BUG R0 J AT RE R -
A N R P VA T R A A
PR HEAS B ZEFT IR 400 T 15 5 Bt 9 TR 56 38 1) 9%
R LA IR 8] PN ZEAT R i 0 B 2 48 O S LR T 3

2BV E WAL S 5 MR R A . A5 7E W
D5k, & B, 80 A1 120 mm/h [ WY 58 B T )65 4
ZEFF AR R i 28 A 36 A AR U AR IR TR R T 4R ik
s

b AR 2T OB SR 43 R A AR ik Y
FER R LA 1 T K 2 3Rk £ 3K S 1
TR, L, T I SRR 0 RS 35 RN Y PR 4 B
XF AR B K Bk oA B L AL R
Fe WL 25 37 TN (IR 6 MR AR Bk 195 F 720 TG 9 32 4
JSLFHB A3 3 AR YRS U 11 2 TR YR L I iR
R G 35 TN U 1) T R K T X 2 U 19 R )
AN HRT DL 2E 3 T R 3R b O RN R K
ABHREHR R, ZWFEEWL S FBEWNK 80%,
55 28 PR 28 35 T AH BE L 6 AR  AE Te 0 s m HoA E
SRR . DR 7E B B b 0 A 7 rh T X 2F 0 W
RS E A U 2B OB TR 4 . AS B 5 X 48
PR 0 o AT - 2 Ry o v 0 L R I AR B i R
J2 RIS K BRI HE B PERE L DTN R 25 U
bR 3l F AR 5 T A1 24 T R R R R B, ZE R I G
2 B BF B T AE 2B AR TE JCAH V) IR - 342 il % R
T HREYAERKET . drl I, AR A
F P 25 U B R SR N L AN S S R AR
FE 8- HAE 80 A1 120 mm/h FE R 35 B T H 4% 1k Ay 3t
FARU I LB AN R G- 34 18, 720%0) , {H 25 FF 30 %)
- AR Dl 9 AT AN 25 AR

o FARGFFEOORI T 1 A4 F R R iE R 4
iy S5z R 4 2R T TS A b ) A R T G B IR
. WL RS TAERH i — LR EBE M AT
B TP A O 0 L O o — D R AR R S A W
L F 2 5 LR M HLE . DA IS TE S 2R 48 0 L
H T S Y8+ BRI B G

4zt 8

B 5 24t 5 4 5 38 D
GRS PSS NUEELE LTS & FEIES
KA. TR AP U0 R R — . FL Y



%9 =l

Bl o S5 < ABE DL TR A% 12 T 8 O A A X o3 T - 20T % 7 WAL R 5 T 87

TR 588 B B/ ZE AT IR LP A S SR RIE B 105 B
D) 2 A8 9L 92 T ) 2 R IR L A 2B 9 2 T
TTRRER K .

(S % sk ]

(1]

[2]

(3]

[4]

(5]

L6]

(7]

(8]

9]

(101 Kk e, bk

Mwango S B,Msanya B M, Mtakwa P W, et al. Effectiveness of
mulching under miraba in controlling soil erosion, fertility res-
toration and crop yield in the Usambara Mountains, Tanzania
[J]. Land Degradation &. Development, 2016, 27 (4): 1266-
1275.

Napoli M,Dalla M A, Zanchi C A,et al. Assessment of soil and
nutrient losses by runoff under different soil management prac-
tices in an Italian hilly vineyard [J]. Soil and Tillage Research.,
2017,168:71-80.

Frasson R P D M, Krajewski W F. Characterization of the drop-
size distribution and velocity-diameter relation of the through-
fall under the maize canopy [J]. Agricultural & Forest Meteor-
ology,2011,151(9) ;1244-1251.

Liu J,Liu W,Zhu K. Throughfall kinetic energy and its spatial
characteristics under rubber-based agroforestry systems []].
Catena,2018,161:113-121.

Thompson A, Davis J D, Oliphant A J. Surface runoff and soil
erosion under eucalyptus and oak canopy [J]. Earth Surface
Processes and Landforms,2016,41(8).1018-1026.

Zhang Y,Wang X, Hu R, et al. Rainfall partitioning into through-
fall, stemflow and interception loss by two xerophytic shrubs
within a rain-fed re-vegetated desert ecosystem, Northwestern
China [J]. Journal of Hydrology.2015,527:1084-1095.

VR, EAZTE DB SE. PR IR I8 ) i AR R G T
R B R ¥ [T]. A& 2014,34(14) : 3978-3986.
Sun Z L, Wang C K, Wang X C, et al. Rainfall redistribution
patterns and their influencing factors of two temperate decidu-
ous forests [ J]. Acta Ecologica Sinica, 2014, 34 (14); 3978-
3986.

(R I o B N e N W RS R VA DO o 2
ficad A (1], A2 24H,2010,30(7) 1 1751-1757.

Hu S S,Yu J J.Hu K, et al. Impacts of Chinese Pine ( Pinus
tabulae formis) plantations on rainfall redistribution processes:
a case study for the mountainous area of North China [J]. Acta
Ecologica Sinica,2010,30(7):1751-1757.

o ¥ R, ANk, L B R I 2 1R T AR A RO T
TRl A ng sz [0 el TARE 24 . 2014,30(16) : 136-146.
Ma B.Ma F,Li Z B,et al. Effect of crops on rainfall redistribu-
tion processes under simulated rainfall [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2014, 30 (16):
136-146.

Bl 55 H R S 2 X e T R 43 TG 1 R R
(] R L AR il 4 . 2015, 35(3) - 85-87.

Yu Z H,Li ] H,Chen K,et al. Effects of sugarcane canopy on
rainfall redistribution [ J]. Bulletin of Soil and Water Conser-

vation,2015,35(3) :85-87.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ARARAS S FBF B TR B 55 . T A R T e T 75 43 i 2 2 19 5%
Wi (1. A Ak B2, 2011,44(12) 1 2608-2615.

Lin D J,Zheng Z C,Zhang X Z, et al. Study on the effect of
maize plants on rainfall redistribution processes [J]. Scientia
Agricultura Sinica,2011,44(12):2608-2615.

KT AR IEEF L TR I L 55 AL RRE TR 2% 1 T R AL AR X e Fi
B4R LI, K R R FEDFSE . 2012,19(4) 1 72-76.

Zheng Z C,Li T X,Zhang X Z,et al. Effect of maize plants on
water distribution under the condition of simulated rainfall
[J]. Research of Soil and Water Conservation,2012,19(4)
72-76.

o P, T BE AR BN R A0 T R AR X R
FEorFe i R s e L), 2454, 2015, 35(2) . 497-507.

Ma B,Li Z B,Ma F,et al. Effects of maize plants on the redis-
tribution of water under simulated rainfall conditions [J]. Ac-
ta Ecologica Sinica,2015,35(2) :497-507.

Ahmed A, Tomar J, Mehta H, et al. Throughfall, stemflow
and interception loss in Grewia optiva and Morus alba in
North-west Himalayas [ J]. Tropical Ecology,2017,58(3):
507-514.

Zheng J,Fan J,Zhang F,et al. Throughfall and stemflow het-
erogeneity under the maize canopy and its effect on soil water
distribution at the row scale [ J]. Science of the Total Envi-
ronment,2019,660:1367-1382.

BB SR B L. R R R R X % 22 VR A AR
il R AR OT Z 2 o B )], Mol B = B9, 2017, 30(2) ¢
307-314.

Hu Y,Man X L, Wei H. Analysis on the effects of rainfall
characteristics on potassium content in Larix gmelinii forest
during rainfall redistribution [ J]. Forest Research, 2017, 30
(2):307-314.

van Stan J T, Stubbins A. Tree-DOM: Dissolved organic mat-
ter in throughfall and stemflow [J]. Limnology and Oceanog-
raphy Letters,2018,3(3):199-214.

Lombardo L, Trujillo C, Vanwalleghem T, et al. Organic car-
bon fluxes by precipitation, throughfall and stemflow in an ol-
ive orchard in Southern Spain [ J]. Plant Biosystems-An Inter-
national Journal Dealing with all Aspects of Plant Biology,
2018,152(5):1039-1047.

BRPHARN - A& R I 48 FoRAME B4 R K+
PRV [T, PR A 42, 2018.31(9) - 1802-1810.
Ouyang C R,Wu B Z,Wu K X, et al. Effect of ridging on soil
erosion under maize and potato intercropping in Southwest
China [J]. Southwest China Journal of Agricultural Sciences,
2018,31(9):1802-1810.

(8 T S N 35 o W g N =74 e N (3] R e
JPRHAE AR BT L) ) & VL0 R 98 R 5 3R 45, 2015, 24 (12) £ 2135~
2141.

Zhao P W, Guo P, Li C W, et al. Characteristic analysis of
rainfall erosivity at each level in Yunnan province [ J]. Re-
sources and Environment in the Yangtze Basin,2015,24(12) .

2135-2141.



88

P JEAMB R 722 4R CB AR 4 O

48 &

[21]

[22]

(23]

oo A RN, ORI 2 X B K R A3 I R
FH ) B F 58 [0, Aol TAR2A4H . 2006, 22(7) . 43-47.

Wang D,LiJ S,Rao M ]. Sprinkler water distributions as af-
fected by corn canopy [ J]. Transactions of the Chinese Society
of Agricultural Engineering,2006,22(7) :43-47.
BRSO RTY T TE A R K A B
WA L], Alh TR 4 2010,26(10) : 29-37.

Huang J,Wu P T,Zhao X N. Impact of slope biological regu-
lated measures on soil water infiltration [ J]. Transactions of
the Chinese Society of Agricultural Engineering, 2010, 26
(10):29-37.

Bl SELEWAR A EE. AN R A TE O U VT O e 41 3 3 i
PR R [T, K PR . 2016,30(2) :62-67.

Hu Y,Hou Y L,Li Y. Effect of infiltration under simulated

[24]

[25]

rainfall on the runoff and sediment yield of red soil slope in
the Minjiang River Valley of Sichuan [J]. Journal of Soil and
Water Conservation,2016,30(2) :62-67.

TKIBEZR KRR A 5K x4l 1 8 B 1T B T A 08 ™ k7™ v R AiE
IR IE [T, K R ORFF5 4R . 2009, 23(4) :39-43.

Geng X D,Zheng F L.,Zhang H R. Effect of rainfall intensities
and slope gradients on characteristics of rainfall infiltration,
runoff and sediment on red soil [ J]. Journal of Soil and Water
Conservation,2009,23(4) ;39-43.

Ojha R, Corradini C, Morbidelli R, et al. Effective saturated
hydraulic conductivity for representing field-scale infiltration
and surface soil moisture in heterogeneous unsaturated soils

subjected to rainfall events [J]. Water,2017,9(2) :1-17.

(E#F 72 70

[26]

[27]

(28]

AEREHE L RLLTY AR B, A5 RGN ER O SRl 2 AR MR Y
B+ 2 5 g 1 40 A L), Bk % i, 2016, 30 (12) : 2318~
2325.

Li X F,Zhu H F,Zhu Y Y, et al. Inheritance of major gene
plus polygene underlying bolting and flowering traits in pak-
choi [J]. Journal of Nuclear Agricultural Sciences, 2016, 30
(12) :2318-2325.

SRERES . X k. 4548 B L A5, M SRR 28 R R IR 8 4% 43 A
(1], B 24,2014, 28(1) ; 22-28.

Zhang L L, Liu B, Li J X, et al. Genetic analysis of swelling
traits of tumor-like stems in tuber mustard [ Brassica juncea
(L.) Czern. et Coss. var. tumida Tsen et Lee] [J]. Journal of
Nuclear Agricultural Sciences,2014,28(1) ;22-28.

JE w5 R K ZEFF DB R A S MR 38 4% 23 AT & QTL sE fir

[29]

[30]

(DT 7790 e el TR 2B - 2019 : 44-45.

Zhou F L. Genetic analysis and QTL mapping of lodging resis-
itance traits in stem of sweet corn [ D]. Guangzhou: Zhongkai
University of Agriculture and Engineering,2019:44-45,

A5 2, GUME M, X E AR, AL R OR BT BAR MR 0 8 4% o AT
[1]. P4l 27 4] . 2004 ,13(2) : 43-46.

LiD X, Yuan H Y, Wu Y H, et al. Analysis of heredity in
maize for lodging resistance [ J]. Acta Agriculturae Boreali-
Occidentalis Sinica,2004,13(2) :43-46.

Stojsin R, Ivanovic M,Kojic L,et al. Inheritance of grain-yield
and several stalk characteristics significant in resistance to
stalk lodging in maize (Zea mays L.) [J]. Maydica,1991,36;
75-82.



