201747 H Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5548 & 5B T

doi:10.6041/j. issn. 1000-1298.2017.07. 023

T TR E EARRE £ K5 KD B 7500 M FFE

AR Do DRm OB A2 OKWRA OKER

(L AR AL K 2K 5 2R TR B, WA RS 1500305 2. b A ll /K 9 8 e 200 T s SR 38 %, PR /R U 150030)

FEE: LRI AR, 76 B 2 = A0 T, SR A BT 6 X8 T 0 T 5% B i VI VG R T S R T O T 0 T
XPAEPIAR S A T T 43 BC AR AE AR 56 LU JFE KRR AR SR AR 1 T R S e . D SRR R % K R (DK R
HAB) NS BT R, B8 S KSR T AR B, 43 5 D W EE (60% ~70%FC)LI£'E BB (50% ~60% FC)
AEFR 3R BE (60% ~T70% FC) AbFH, 3515 91 o BE (50% ~60% FC) Ab 3L, 8300 rpy BE 3k W R BE b 3L, D i 2 4E
B RS B K5 (70% ~80% FC) FE X B, B2 R R W], ﬂ%?é?%ﬁﬂ&*f**ﬁﬁmﬁﬁw&E’JFE‘%Tﬁ
e A PR T TR A A B AR R AR A (H I 2 3 K TR ARE LG (R/S) |, S K G AR 5 2 A A %00 B
ARG R AL W ) A B S B R S AN B R T AE R S I T W B e AR A A3 BC A 0 B AL B AR Y
012 FE AL Y F K AE IR T IR AR R e AR BT, K A3 e A OK R R R VE T W AR i e R e
AMEZSONE , TEE S AT PR AR5 s 19 U 1 0 ELTE A & R I AR B8 A S AR L (R/S) L J2 D R ARG AE K R
B 38 B K 431 5 Ab B,
KR EoK WM, TYREA; R fiia: FEKE
FESES: S513 X ERARISED : A XEHE: 1000-1298(2017)07-0180-09

Characteristics of Water Dynamic Response and Growth of Root and Crown
of Maize under Drip Irrigation of Regulated Deficit Irrigation

WEI Yongxia'®> MA Yingying' FENG Dingrui' XIONG Jian' ZHANG Yufeng' ZHANG Yipeng'

(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of High Efficiency Utilization of Agricultural Water Resources, Ministry of Agriculture, Harbin 150030, China)

Abstract; The experiment with micro plots under automatically inductive type of rain preventing condition
was carried out to analyze the influence of regulated deficit irrigation on root and crown growth,
characteristics of dry matter distribution, water consumption, root — shoot ratio and the wound flow of
maize plant. Choosing the relative water content (the percent of field water-holding rate ) of soil as the
upper and lower controlling limits, five treatments of water deficit were set, which were respectively the
mild treatment (60% ~70% FC) and the moderate treatment (50% ~60% FC) at seedling stage, the
mild treatment (60% ~ 70% FC) and the moderate treatment (50% ~ 60% FC) at jointing stage,
moderate treatment at seedling stage and mild treatment at jointing stage, and the appropriate water
content (70% ~ 80% FC) was set as control in the whole growth period. The result showed that the
regulated deficit irrigation did not change the total tendency of growth of root and crown of maize and the
basic tendency of the growth of different organs in crown, but it increased the root — shoot ratio of plant
and the distribution ratio of dry matters to ear in later stage of growth obviously, accelerated the
transportation and distribution of photoassimilate to reproductive organs and enhanced the compensatory
growth of root and crown after rehydration. The mild and moderate treatments at seedling stage of maize
sustained higher root quality during deficit period, remarkably increased the root activity after
rehydration, showed super compensatory effect of wound flow, kept higher wound flow at filling stage and
sustained higher root — shoot ratio in later growth period, which was the appropriate water deficit treatment
for coordinating the relationship of the growth of root and crown of maize.

Key words: maize; regulated deficit irrigation; distribution rate of dry matter; root — shoot ratio; wound

flow ; water consumption
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1.1 R I8 bR

BT 2016 4 5—10 J {5 76 B e LA K R B2
T e 2 A 1 00 i Ml (126°36/35"E 45°43'09"N , 1§
WG 137 m, ST AL 55 hm?) AT, KB Mo 07 T 2R
e AR A b A AR 3. 1°C, oA 130 ~
140 d, 4E %7K 5 Z 4 T 400 ~ 650 mm Z 1] ; [ 7K £
LHTET—9 A4y, 295 2F 11 70% , 2 4-F ¥ K
ZE i 796 mm , J& G KRG PE R UM . A+
SEEE NI L, AR (N) 1544 mg/kg , 3 25 0
(P,0,)40. 1 mg/kg , % 4 (K,0)376. 8 mg/kg, pH
fER7.27, 0 ~1 m )2 N F-34 H R F7 K3 (i
IYH) N 28.4% , HHET AR E N 1.22 g/em’
1.2 @igit

I AE B ko X H A T (K 250 em | 5E
200 em 78 170 em) W4T, M GTHIE AR, R4 175
SR R K 43 A8 o BEIAE W) A B ROk (R 31
5,5 09 HAER FEETHEATHEK I HE | elE
SERL IR A /N IX K Ay TSR AR BCAR T o SR T
BELAFE T, Bht 4 B, BET AT
28.5 em x 62. 5 cm ;7K Jy OR JH M TR L, — S5 B
B — 2, BERKES /DN ERKME ., IKIE
514 kg/hmz, BT 330 kg/hm2 JHPRES itk
By 20 1, i 75 ab B0 32 SEAE 0 AR T I R AT,
KRR 2 (T 0 ~ 45 em R 0 ~
60 cm ) P2 4 3 K R H AR K R 10 A 43 it
B2 S KRR T K 3 A R BRI E K 2 R
I 6 b, HAAEEE 3 RE R, H P 6 ki
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Tab.1 Experimental design scheme %

ANTFE B B By Kk o Ak 2

i3 o
5 POBLIEA S (i LR K 5 1 45 L)

’ WO W N R
Cl HHRE 60~70 70~80 70~80 70 ~80
C2 Wi 50 ~60 70~80 70~80 70 ~80
3 ke 70~80 60~70 70~80 70 ~80
C4 R 70~80 50~60 70~80 70 ~80

M PR R Y

cs 50~60 60~70 70~80 70 ~80
CK X e hb 3 70~80 70~80 70~80 70 ~80

1.3 MBS HE

(1) RS KR AL E B S d RAHET
238 2 5E THRIEE 2 (0 ~ 10 ¢m (10 ~20 ¢m 20 ~
40 cm (40 ~ 60 cm ) + 55 K WAL ST 2 450H
VR AT () 67 B A R Sk 1E R O O E DUR
THE 7K 2 TN 7K I ) 98 2K RS )

(2) &R TRt 20 ) T (185 33 d) |
P (FEJ5 57 d) BRI (R fS 73 d) ERIN (F
JE 91 d) A (365 121 d) WOk (3% 5 136 d)
A BURE () K AE R N ZE LT BT T, KA 58 B i st &8
SRJE WG AR b 25 38 0 3 I B0 T A2 5 )5 43 )
BEARYZEAE N A BRI AR H B BT A, 105C T4 2 ~3 h
AT IFESOC T T R i fE &, HIFEIE N 0.01 g
L R R IR BT i

(3) ARER T o &= - b b 38 0 HRORE [W] I 2E 47 AR &
HORE A 2R BORE T AR A AR ] BT 60 em x 60 em, HiUE:
TR AR R IR E , R B AR IR E A W4l &
HRA IR SR G I AE A, B A AR AR A R ke
MR, PG FHIC A MK 4RI T3 AR 284 ,80°C T
MR PR EE R 0. 01 g 7 RAPFRICT B .

(4) Pt 0 ol T B (F% ) 57 d) Al ke 4
()5 73 d) GERI (3B 91 d) B/ Xk R 34—
FHREAR 3 BR, 24 K 18:00 7EHE HL T 10 em 4044 &
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I R AR HAL % 12 h SR IO FR & (W), 5
g/ W, 5 W, Z22E A, A R A IR
FEJ7 T 2K 06:00 JF 4, BB 12 h It — A5 it
L, HEWEARINIE,

1.4 HEFHE
1.4.1 PEKE
W=yHA(W, - W,) (1)
A W— KR’
y— T AE, g/cm’
H—— i RNB 2R, cm

A—— W HETE A, om”®
W —i KR LR, %
Wo— A 55255 KR %
1.4.2 TRy BR
Ty B R N A5 B T R R RS AR
TR BN A
1.4.3  [rBofeKE
1 /N DX PN B A W R KB SR K RSP A 7 T
o T e B 3h O 2RI ST N AT, B
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MR K AN 25 B T 2 Mg AT, S A, i TR OK T R
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i ZWEATE . B, FE K TR A AT R AL

ET, =AW +1 (2)

B BB K 5t B R
C,=ET./d, (3)

B B #E KA R B0 A
R, =ET./ET x100% (4)

Xrp o ET,—Br Btk & , mm
AW——F BB 0 ~60 em + 267K 528 fb 1
I— i+ Be N K &, mm
C—— M Bt#E/K5RE , mm/d
d—Rr B K K% d
R—— W BeAE K B R %0, %
ET—4/4 F B A6 /K &, mm
1.5 HiEE
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Fig.1 Dynamic curves of accumulation of dry matters in root and crown of maize under different treatments
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Fig.2 Accumulation curves of dry matter in each organ of maize

ANTRI K 53 Ak BB R T K A% A B T R B
B R A ) i B R A R ) 1972 A B HL 45 4k B 2 ) 22
S WIAR. , 3% W 5 98 Tk A A DO e B A B R
(19 [ S 0 A A B R R A% B A R A B 4
KI5 A R T 7= ) KPR G2 5 5 4 i
TERR 5 73 d, 48 Ak BRAE K il 2 3 A R D AR

C ik B KA, BEAE A B9 5 28 506 A 7 1 1) 2R 5E
PREEERS T AL TR BB BT (5 Y H 3%
W/ 5 25 BUREAE AT W 22 i R A PR K B B T
IR BN RE, Z e AR B A, LU BT B 5 T
T R AR E B A (R )5 136 d) %A FE AR
FORBEA B A A Wy R R B R Y L) K



184 & o Bl B ¥ iR

2017 4

FI20d LUE, EXR&&E T REEHBETRE.
355 R T B T AE I ) RS A A T RE
F T i I 7 AR B ROK L R WS K A E B
BOK AT BT KT8

HIZ 2 Al B TR AR IR HEE , i ot &
R T 7 1 A W 1) K L 32 fn , ELE A0 20, (5 T4
JRAE M HR A o BE 552 W R A, €2 A B A RS )
(#5136 d) My A 8 W Jo 20 Bl R e ik LA 1R
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()5 57 d) CS 4b P25 73 L R 0 25 {1 T X0 B 5 4k
HES (AR5 73 d) TR TT U6 1k A B 3R 2B IR AR B AR
KIF B B, A 7= W IV 46 78 7 150 R Rz i, 457K o
AL BB 2R B R 2 SN R BT
Yyl oy B A0 5 R Bt 4, 2 ), 45 4 P 2 1) 2 S
AR o TR LSRR T W B3 BE RN BT L
T, B (FE 5 136 d) C2 4b 2w & F % #8 . C3 4b
P IT X IE, B 2 T G4 CS Ab L, W] DL E A% 1R
TN AR R A K 23 T R 2 K Y R AR T
BT FFRLE 2 L SRR

x2 EHEHNTHRSER

Tab.2 Distribution rate of dry matters in different organs %
. e G RE/d
33 57 73 91 121 136
Cl 64. 56" 54.76" 29.01" 18.77% 12.71* 11.98*
2 65.33" 50. 80° 28. 87" 17. 68" 10. 49" 9.74¢
3 64.10° 55.00" 29,32 18. 14 12. 85® 10. 85"
"t c4 64.76" 59. 43 30. 77" 20. 37° 12.33% 10. 95
cs 65.72° 63. 66* 33.48" 19. 88" 13.82° 12. 44°
CK 63. 88" 54.36" 30.33" 17.95% 12.87* 11.28*
Cl 35.44° 45.24" 53.51° 39.39% 28. 49° 28. 04"
2 34.67° 49.20° 50.55° 35. 40" 28.23" 27.98°
» C3 35.90° 45.00" 52. 04" 36. 48" 28.07° 27. 88"
= C4 35.24° 40. 57" 51.83® 42.45° 30. 88" 30. 45"
cs 34.28" 36.34° 53.20° 39. 69 30.61° 29.76"
CK 36.12° 45. 64* 51.78* 37.96" 27.93* 27. 45*
cl 2.80° 0.80™ 0.73* 0.70
2 2.91° 1. 00® 0.59" 0.58"
3 3.43° 0.85" 0. 86" 0.83"
i3
C4 3.98° 0.92° 0. 88" 0. 80*
cs 311" 0. 66" 0.69* 0.77*
CK 2.07¢ 0.70" 0. 84" 0.78"
Cl 14. 70" 41. 06" 58.07" 59. 28"
2 17.67° 45.92° 60. 69* 61.70*
" C3 15.21" 44, 54 58.22° 60. 44*
C4 13. 44° 36.26° 55.91° 57.80°
c5 10.21° 39.77" 54. 88" 57.03"
CK 15,83 43,39 58.35" 60. 49°

T < A — S A [ 7 B 7R 22 5 .35 (P <0.05) , R [l

2.3 EXREEFHARBLEINEEMEE

I T A RO AR SR AR K S AR AR
5% 2, AT 65 7= ) A AR e 18] 1 0 S EE i BT 3
AR K G B3 A B A 45 A T 00 45 SR I R Y TR
A TP Z e (R/S) o MWER EF, & 4b
A R/S BEAF By By HESE X BT R (CS Ak
HERSN) , 2 BGAHE TRE . X Ul B AR 5 Lt
BOR G WRRE LB/ A ) K AR RO AL e 1Y
R e kA T S WS 2 AR 9 2B, DU R R
Mz B i . AR T B BUE , K 7r 5 BT

few R/S, HEEH 5 IR, R/S 52238 Kol %
B R AL PR (CL) (AL B (C2,C5) R/S 435
A%k BE 48 8.00% (P > 0.05),26.00% (P <
0.05) ;R/S Fe K AH Y BUAE 4K 15 1 C5 43, Lb [R] 9
CK /b B 3 i1 98.40% , 22 5% ik i % K F (P <
0.01) ;filiHEM R/S, C1 LE XF HE MK =y, C2 . C3 % R
AR T. 10% 14.29% , 2% %R 52 C4 #ext IR
B 30.95% , 25 S 38 K, CS L Xk RS
97.60% , 7 5 ikt % KV LA R/S,C1 . C2
C3 43 5% % BE RGN 0. 20% 14.53% 11.52% , %% 5
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FE B W A2 A2 0K o3 5 R RV AR AR R JE AR KB 2
B BRI {H AR HF K 50308 5 B B 3 LA K 53 9
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BV ZHAER T, B A 3 A5 19 K 20 B
TR TRAEREFTGK, ERAZFL L
P U ARORE E 3 K 5 T It B A 7 D0 R
(97K 53 75 Bl AT A1 330 T K 4 Rk iy e 3k Bk R
KA ZR AR AR R AR SR T W B E A I8 B A,
T 42 1 3t b 23 HE K, 31 s A AR ST AR BE ) o

(

1O~ [
a = C2

3

0.8+ C4
5

CK

I

e}

WS R
R

3 REKG AT AR L (R/S) 2 4k
Fig.3 Variation of root — shoot ratio under different

moisture contents
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1 B BEAE K it 2 45 5 7K 20 1) 28038 1 A B
fifi o 23 NIRRT B AL BT TR A H W AR
K (ET,) FEKIRBE(C) FEKBERB(R,) . BiK
KAE A 7 Ak B K iy BoRE K B3R B A D B A2
PR, 5 VIR AR, 4 A 5 300 PN il ) —
WA Ak B FEK B R AR A [ AR BRI L UK 2
BRAEAT B BEFE K I AE — E R 1 3 B0 A T
%, ELK 70 5 s A BB, B K BB . T R
ST 5B IE ARG 2 0 n B 2, b B CS 7 A
5 I (9 FE KR 3 IR T At Ak B SOK B B
FEK R EF T CK, 4b B C1,C2 CK FE/K 58 L
FEFR S —fib B 39 3% Jee R AEL, 20 9] O 4.70,4.23
4. 84 mm/d . HilHE ) —RES I, A PR C3 FE K 9 3
WEE, 2 4. 44 mm/d, fE B C5 2% A2 7 B Be AR /K o 12
PR T HAB AL B 2% 4k PRFE /KL 2R B0 1 0 — 4
MK, N 29.66% ~35.31%, XAl fg &1 T &
W — R I B By I, 3RO SR B i R AR, R
R R 5 T B SRR S — R S W fe N, O 13.79% ~
18. 94 % 5 P 35 3] — B S f R 7= 12 T2 B A G B I

x3 BEBHFEKELE
Tab.3 Characteristics of water consumption at

each growth stage

S e W—  BOWI— R — W —
/@R ] ity i 1 HEH I AR

Cl  140.95"  117.45" 85.10° 131.55°¢

C2 130.98b° 105.76°  65.53"  129.05°

C3  124.08° 86. 89" 84. 30" 149.71"

ET;/mm C4 131.02"  71.15° 51.18° 117.71¢
Cc5  111.32%  57.81' 49. 84° 99. 28°

CK 155.80*  120.93"  87.81"  153.24°
Cl  3.92" 4.70" 4.48° 3.56°
C2  3.64° 4.23¢ 3. 45" 3.49°
€1 C3  3.45° 3.48¢ 4. 44° 4.05"
/ C4  3.64° 2.85¢ 2.69¢ 3.18¢
Cc5  3.09¢ 2.31' 2.62° 2.68°
CK  4.33° 4.84" 4.62° 4. 14*

Cl  29.66" 24.72° 17.91% 27. 691

C2  30.36" 24.52° 15.19¢ 29.92°¢

C3  31.75° 19.52°¢ 18.94° 29.78"

Ris% C4  35.31° 19.17¢ 13.79¢ 31.72"
C5  34.97° 18. 16" 15. 66 31.20"

CK  30.08" 23.35" 16. 95" 29. 60°

S, VE PR SR K i BURRE B A K, VR RE K B ] 1
i, FE K R BCRCET A BT iR L O 27.69%  ~
31.72% .
2.5 TESKEHSTHHE

Aol A 7= v BEEOK KR B LKA RE R
YEYIRBCRI . XA F I 0 ~ 60 em 3K 1371
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Fig.4 Variation characteristics of soil water contents
in 0 ~60 cm soil layer under different treatments during

growth period
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Fig.5 Variation of wound flow under different

moisture contents
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