5535 B 2 W) *E &~ 2 Eild Vol.35,No.2
20154F 1 A ACTA ECOLOGICA SINICA Jan.,2015

DOI: 10.5846/stxb201303240505
i, 2 A, SR, SRR AU T A% 1T TR X B T A3 T AR S IR AR A 241, 2015, 35(2) £ 497-507.

Ma B, LiZ B, Ma F, Wu F Q.Effects of maize plants on the redistribution of water under simulated rainfall conditions.Acta Ecologica Sinica,2015,35(2) :
497-507.

EPAPE R 4T B KBRS FEH B 2 B E 72 =2 I

L R FER,G B RARBYT

L. PUAEAABIE R K L AR I o o i R il 5 Rl F R S s, Bk 712100
2. PHIURMEBHE RF R Be, B 712100

3. TEAMBL BB IE BRI, 4RI 750002

WE RGN E EXK(Zea mays) ANFEKBT B SR ZEFFAGEZ 8 |, R T2 BB VE I & T AN 8] R 5 3 AN [6)
TR B KSR T 2 3 RIS AR, SR I 55 1 T ERAN R AR I B i B AR A o X kAT T A4 R T =38
5 RM HEFRFSEONE R SR BT EOKE N SF @I 02 B A ARIE . S5 RRW . EAE T B 5 A
LI 30.97%—94.02% ,F-35 4 63.92% ; Z5 AT Ui £ o W T 8 LU A9 X AR AT R Ry 5.68%—75.70% ,F-331 K 35.28% ; 7 )2 8 A E 7E
HAEF AN BIER D 0.02—0.43 mm, ¥4 0.16 mm , Fr 5 S FER A OO R AU 1%, BEEKAK, 9037 5 it 2 Wi AR,
R FEE R RN, S AR R I R A R P SR IE IR T ) 93.55% % 2 36. 23% ; ZEFF IR
R 5.98% B2 70.42% , ISR 8 15 28 35 Y B AN SR A AT B A TERE DG OG R (FL 3 o R R 22 1) L1 5 A T SR DR R AN
B3 (P>0.05) . BEE T KRAK, B MR T 255010 518 ik 10 T AN 5] iR i 2850 5 2 5 e T i A7 Aol 4 B oK
ARSI, B AT S5 R R R R MO R 2 AR, 387 T 35 KK [ R A T 43 IO VR FRRAE 7T S A K A3 800
A AR 2K ST AL AN SR b - A2 h B A SR L B AR IR

KR ok MR BN WERE; BRI

Effects of maize plants on the redistribution of water under simulated rainfall

conditions
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Abstract; Water from rainfall or sprinkler irrigation is partitioned into four components as it passes through the crop
canopy : stemflow, throughfall, interception storage and in-canopy evaporation. The crop canopy significantly changes the
distribution of rain water and irrigation water in the canopy and topsoil, thus potentially causing uneven distribution of
surface soil water content and altering water use efficiency. The objective of this experiment was to measure throughfall,
stemflow, and interception storage at different times during the maize ( Zea mays 1..) growing season. Throughfall and
stemflow were measured indoors during simulated rainfall events. The spray method was used to measure the interception
storage of maize canopies with different leaf area index (LAI). The effects of LAI and rainfall intensity on throughfall,

stemflow , and interception storage were analyzed and the spatial distribution of throughfall was clarified. The results showed
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that there had a significant effect in rainfall redistribution by maize canopy under simulated rainfall. Throughfall accounted
for 30.97% to 94.02% of the total rainfall, averaging 63.92% across the entire experiment. Stemflow accounted for 5.98%
to 70.42% of the total rainfall, averaging 35.28%. Interception storage ranged from 0.02 mm to 0.43 mm. The average
interception storage was 0.16 mm. These amounts were equivalent to less than 1% of the total rainfall amount. The variation
of maize canopy had significant effect on rainfall redistribution. The amount of throughfall declined gradually as the maize
leaf area index increased, whereas stemflow and interception storage gradually increased. There was close correlation
between the throughfall amount and the stemflow amount. As a percentage of the total rainfall amount, throughfall decreased
from 93.55% early in the growing season to 36.22% later in the growing season. In contrast, the percentage of stemflow
increased from 5.98% to 70.42%. Rainfall intensity showed different effect on throughfall and stemflow. There was a positive
correlation between rainfall intensity and throughfall amount. There was also a positive correlation between rainfall intensity
and stemflow amount. The ratio of throughfall to total rainfall was not significantly related to rainfall intensity ( P>0.05).
Similarly, the ratio of stemflow to total rainfall was not was not significantly related to rainfall intensity (P>0.05). The
effect of rainfall intensity on throughfall ratio was uncertain, and this effect was restricted and influenced by physiological
state of maize plant. The throughfall intensity was large in some region under maize canopy, and even beyond the rainfall
intensity, which lead to significant difference of spatial distribution under maize canopy. As the maize grew, the spatial
distribution of throughfall gradually became uneven. Rainwater tended to concentrate in the inter-row area. However, when
the maize leaves began to decompose at the end of the growing season, the amount of rainwater in the inter-row area
decreased. The redistribution of rainfall by maize canopy would make uneven distribution of rainfall on the surface soil. And
this would lead to redistribute rainfall energy on the surface soil under maize canopy, which may has large influence on
splash detachment and its distribution under maize canopy. This study provides important insights into the effect of the maize
canopy on the redistribution of rainfall. The study also provides information about ecological and hydrological processes in far
and. Information from this study could be used as a theoretical basis for effectively using agricultural water and for

controlling soil erosion on slopes.

Key Words: corn; stemflow; throughfall; interception storage; rainfall intensity
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Fig.1 Throughfall measurement under crop canopy
AR GRAEREAR K T 5 i R ERAS 5 25 AT A S S A = 1 i, DA DR DE 5 W B 45 A8 B U R 4
W RIE R ZEFF R . LA 25 emx60 em AY[A]FERE FOK B TRERRTAILT S 7R LI, Ay 3k 6 6 oK i) 25
PRI AT R, B S R B A A5 i, WOHE 5 B R 5 B T A R D B2 R 10 min, PRI 45 B , FH £ 1 D00 5 e
TR E R ZERF I . PR ZE AT SR B (AR 0L o B A TR — S AR 8.3 em (W TRI L 157, 76 224 if 4% T 548 52
T RERN 10 min, SR 50 57K BT B B S R 5 . Ry 4 T A3 BT T K ZE AT I R e R i B 1 8 Ak, 45524
Hb SRR 2 22 R B 2 AR L, 4 IR g B3 IAE 20 40,60 .80 ,100 F1 120 mm/h BEiHRERT 38 B2 T 5351
HEATWLI . PRV 25U 5 A R e AR, AT A5 B VE ) B ZE AT R (% ), BRIVE Y 25T it &5 i o B F 2 119 1L
B, FEZBBOWINZE A S, D5 25 R oK A i TR I T AR A

1.4 FOKEZE A E

HARAT KA AR A e A B BE ), ER M 55325
EHE R TERA I B, BEPLR 12 B oK
TS HURTDD T )5, Sz B R RS A Y A 5 B P 0 151 LB 1k
K3 DR FNW i, RS AR P A R e B 22 %
WPRE, FREAE IR B DE , TS S TEAE bR b7 525
Ko AR 2 TRV W5 2550 5 o0 0.3 mm/min, 24 M- 2512
b TF IR G 7K LA K it FE AR T I A7 ZE AT T 1 45 1k
W25 BRI R, M55 S KA AR Y B 2
PR DA AR oK 04 o5 M T AR BV Ay T R AF AR 1) 5 2= 48 B
i (mm) . FRZHrBOWIN 45 0 I E 2% ik B oK iy i T
AN o2 p AL TR AC =5 ¢
1.5 TR AR A B &

PR T R TR 2 K T oK i 2 U 9 i

N

#%ET

L

e

B2 EREFRUESIETEE

Fig.2 Stemflow collection cylinder for corn
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Fig.3 Throughfall under corn canopy in different growth stage
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Table 1 Distribution of throughfall in different area under corn canopy
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Throughfall amount Throughfall intensity
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AT 0.62 17.51 20.85 17.37 35.01 41.69 19.08 34.74 0.27

A b 1.62 14.44 17.69 15.52 28.88 35.39 22.54 31.05 0.50

WAPEY 3.0 9.80 14.64 11.41 19.60 29.28 49.39 22.82 0.79
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il 5 3.67 17.88 20.40 18.72 35.75 40.81 14.15 37.44 0.69

M NF 2 Rainfall amount in the region direct under the canopy; 171 Fif& Rainfall amount in the region between rows; V-7 T Fi it Average
rainfall amount under canopy; ; M Fi# Rainfall intensity in the region direct under the canopy; 17HFf5# Rainfall intensity in the region in the middle
rows; (ATH-"F) /T Growth rate rainfall intensity in the region between rows /% ; “F-34 5% T Hi# Average throughfall intensity under canopy ; 34 5

T RS 5 R B Coefficient of variation of average throughfall intensity under corn canopy (C,)
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Fig.4 Spatial distribution of throughfall intensity under corn canopy in different growth stage. Rainfall intensity was 40 mm/h
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Fig.5 Stemflow of corn in different growth stage
2.2 EOKRZEFR
AN K B B BA MR K ZEFF I e MEAT IR R AR 5 BiR . oK W NSE 25 F R o 24,11 mm/
h, o5 B B LU AT 3K 35.28% , TEA A KB Be, ZEFF I 22 S K, b g I R 4.14 mm/h, 5 PR & 5.98% ;
AT A, R 48.71 mm/h, (5 W £ 70.42% ., 33 Uk BH T 2K R T 14422 B BB 07 2 Bl 25 1 0 Ak 2 i
B R0 e A A HE BRI IR B, HZEAF U 5 v o5 B R 3k 70% 2245, T AE 20 mm/h [T 8 B T 2
ik 76%
FEIA] — RN SR T, SR FORZEFF I 2 S 25 AT B 1o AU i 2 U k34, B Sa nAT, FOKRZEFF
Tt e T I T RS SR o R i B S S K A SRR RN SR B A/ N (20—40 mm/h) | ZEFF IR AR AL
%, YBEI R ERKET (=60 mm/h) |, B R 58 3G R FLZEFF 3 & b T B i i O, FLrh R SR S 120
mm/h N ZEFFH AR e m I Z, ST (LAT=0.29) (19 6.99 mm/h _F T+ ZHhERTI Y 82.66 mm/h, X i
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WIS R 25 AF N BRI B R VR TE R AF R B 45 22 7K VR 1 (W] B, At 1 W O B e AT < it ™= A=
BER A= BNy, T 52 e 'R 7K FE TR 8% 30 7 [, 4 10 56 e ZE AT AT B 3 2 i 7 R R AT MR /N (LAT<
0.56) LA b 2, S35 22 b DA 2 378 R XA Ml b 3 5 T S AR PR BRI (LAT> 1.50) , 320 97 588 H: 7y e £ ik
SN 08 A, I 2 T =1 R A RE R T 28 | 7 e R 2t A5 KN B A ) T R R K 2 TR 5 R . TRt
TE[F]— TR RRFE BT 66 FRT 988 B X6 ZE AR U A S e 65 Dy S0 25 it o3 T it B2 22 L G B 32 O FLaX i #4120k
AR K, A REFRSREE T 1Y ZEF R RE R A K B O R 5 25 M i A AL A f A, (HR R —2F
KB BOA [RIFERT 3R BN B AT R 22 AR . )7 22000 Al FORZEFF i 5 oK it T AR BRI 3 ik
FEWAAAEN i 35 25 57 (P<0.01) 5 FOKZEFF AR FOKM T ARFE B E7E I 0 3 22 5 (P<0.01) , S REFT o AT
P EZE 5 (P>0.05)  1a BH R FR 5 B2 X0 L ZEFF I 20 00 2 i 58 /0 i i e AR R ok L R R R K R[] [
(D0 N o St o = S B s e G U B T 2 1 R N L sy o
SF=0.207 - LAI"* . [°% R*=0.994, F=2524.326"" (5)
SR=18.803 - LAI*® R*=0.976, F=1388.098 " (6)
A, SF o Bk FOKRZEFF I & (mm/h) 3SR ERRR FORZEFF IR (%) s LAT R THFRAE 4 1 AR T 98 B (mm/
h); * * Jfy P<0.0001 @K,

FH [R1 U5 5 R A O R B AT, oK ZEFF I 5 4% R - B B R DG | T oK ZEFF It A ZE A R 114 [l 1
DrRER IR E) T M E K (P<0.01) , 6 IH [T A 25 5 2 2 X
2.3 EXKHEZHEE

XK G 2 R i AT T I A R R 2 R,

RPN, FREAEF N EZ M E &R 0.16 mm, HP 21 (LAT=0.27) §&/), *F3¥ 4 0. 03
mm; FEERTI (LAI=4.19) 5K, P340 0.33 mm, B4 T 10 £, 5WE5 Al Lt AR P8 7K & P4 4 55
1) T A el J2 A R e 0, T AU TR i B R B e ) AR R4 SRR M F A AiE . AR E
K5 S 4 B e R OKR AR BTG I (HR SRR R I R, TEREIT R, A& B BOd 2R ik B R KR
kTR, RV ZEnnT DUAREZR 2 R R 0% 28 T 3B e AR e KA RA R 0, TR el )2 A0 1 7 B S 1Y) Eb
152 I 3% T 52 88 o T i ) 28 R RAEAIG . LA 20 mm/h FERRT SR BE A 91, 4 FOK A K R A EBRRS (LAT=4.19) ,
60 min [4F 7 2 A48 B8 S A R LN 1.30% , 111 80,120 mm/h K 3% — He @ 2 s A%, th it i B AVE W) 7 2
R A AN 2 IR R P43 C ) 32 43, X A R A 25 [ 4 S s i AR/ N

x2 ARAMNEFFEFNEEXBEBERE

Table 2 Interception storage of corn plant using different methods

o T sy FRAE K Al
W I Bt 4 ﬁ“ﬁ%ﬁf;
EEy=p ] TR AE A Interception storage . R
. . . Interception storage
Growth stage Leaf area index amount with spaying .
amount according to
method/mm
water balance/mm
HHi M Seedling stage 0.27 0.03 0.02
PATHIM Early jointing stage 0.62 0.04 0.03
AT Middle jointing stage 1.85 0.09 0.08
WATHEM Late jointing stage 2.91 0.19 0.16
JEERTI Early tasseling stage 4.19 0.33 0.27
3 Late tasseling stage 3.7 0.28 0.23
S Average 2.26 0.16 0.13

B E KT BN 28 ST R A58 DU EE IR,
1,=0.027 - """ R*=0.993, F=539.961"" (7)
Ao 1A R FOKGEJZ B B (mm ) e O FART OIS s LAL O £ K IF iR AR A8 5, + + o P<0.0001 2 2%
K-
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FARE K5 A R S T AR SO B AR DM X N S5 F ORI TN, R OK SR R
[l )= 7 Rk 2] T # B #E KF- (P<0.01)

YR FE BE = BE % VEDD A KR WS i (R e — 2 i T AR ST  MEY A e T 2 PR Y
— ER RN LR, AR AR X RS, B R i B L A A S, EE: 5l 2 48 B Ll A E AR SR A7 A, i
I AR BT K i — D A ZEFF R 2R T

3 Fit5itig

T RARRR 22 X 8 7 A 56 U A 20 B P, P 0 O FH 3O 1 A 7 i e 49 2 DR s AR s
W EER > N BT GEFFRAUEZ 8 T AA FAE S E AR s R, N TR 20 T, Tk
R F W, B 25 2 IS S T AT 10 64%  ZEFF I ART-1 00 35% , il IR R AT AL 1%,
e T 2 S K B R R O DG SC R SRR IR S IE A OGS AR . SERTIRAE 2 B -5 i i B Y
RIEARSCOCHR , Horh 25T S R o B 2 O OC R

VEDITEJZ AT R R AP BCAE P A2 AR RN S Al A i B 256 DX 2R B R , 355 V) A o 2 3 T i
MERFPESE G R, PR BE R[], 7™ A (0 S K R 23 2 AR 78 Ak, JE TR X FE ) 14 7K 4t 53 A = A S 3
AR TR M RFTEIN N, T AR T BB A, 25325 W T 7 L f81) 2 B 2 14 L2 25 FF R 3 00 23 Bl 2 AR
WA TE A 73 Ar R 580 2 X T K 53 W RS I, ATt 1 2 BT SR , AN T 0B, DRt RAUR 9
DI H A MR AR S B o A T 5 B8 A 38 | LR 0 A BERG ) 140 > 23125 T i e it 1) 2 LR

2375 W RIS ZE R P UR A3, X S b AR PR LA T B0 S, VRO J2 0o e R e 3 22 e VR T T 0
WEFT B RE , (HA A RE B NI ZEAT AN 2B T, (HR 5 S I L EYIE S AR 22 580K, K T
Ve B A AR I -2 I SRR R P IO DR IR BERT AR A 1 RE S, 2 X ol I Wk ekt 389 3 g A2 38 sl v A
BURZIR A2V AP F A TR 2, 7R AR R RE R, K ) 25 AT I o o7 B T 4 L ) e 38 709% 764, Anite
Z R KA T TR ZEATARER T e A 3R | Sbb 2o X LR D™ Az — 2 52 RS A0 TR R UL v s
S BB KRR T 37 A7 B0 WY A A ZE P AR PR DRI 7 B T DK 5L R B2, 48 R 7K 20
Rl BRI G T Ve = R R R 20 B A T TS A R R R i 35 it A o e A e JRR A B
7, WA BT W AN [RIVE P 5 J2 19 7K 5325 18] -5 R A FH K B SR A, Ay B FH A 250K SO R RV W) AE
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