¥ Ak 2 2020,34(4) ;0839 ~0848

Journal of Nuclear Agricultural Sciences

X E 42 1000-8551(2020) 04-0839-10

839

P g R SF B2 . K 7 B K 0 ) 38038 Y 52 T

—= 411 1 e gl N 1 == 42 o1,
Kmfe! EXRE WET dhER KwmER THEAT
(M de AR RAREL = BEAR AR ST, WAL AR 050035 ;2 MK Ak R, T ik 053000)

A

B OE.AFRAMTEE 2R T SRR A AR (WUE) $% e, A RIS 2 T4 T 2AFRE 958 A4
RIEA A X E 2 AP AR X R PR 38 mm/R) femk B Q(HEREH .75 mm/R) 3 FriE
REH TR (W) 2 R (W2)F2 3 k(W3), kA EIEARS>M A EH B EANTLERERES L E0
~200 cm) RIEABRESRZGHE TN, EREN, E2FEREXT A ERRZGIE M LHERE
¥ohm) AERZTZER MR AR ERRK T, Mor L2 e) K TedE, 5 QW1 8L, PW2
WK BAR HEARAKI S, FERG5.0%;5 QW2 483k PW3 K Z M,V 24% H K KIHKIG | =5
/&3 14.3%, 5 QW1 F= QW2 483, PW3 Mk A A SRt SR ERTHRARE S, LM T
BEf T, —FOMHTHE(PW2) fomk 2 (QW2) $9F£K4F L HL, 5 QW2 A8k, PW2 o @ 47 3%
e A et R ik R MR E FRIBE EARE B R ERAT 0~100 em £ B K569 IH AL BAK
TR B A2 100 em VAT 3B K 509 8] A YL 38 hm it PW2 44 F 7 % K43 %1% 10. 8% , WUE
3 10.3%, % LAt A R I 2R RIGHAP AT, R A on 42Kk 7 X, K240 38 mm 3
K2~3 R, TEMKEZFHAR T, 23 WUE, RAAF AT IR K E R TR, ZIF ARG

AERGRAIRFEL,
xdin LBk Bk P kA AR
DOI:10. 11869/j.issn.100-8551. 2020. 04. 0839

P IR TR oK 327 X i X 3 70 AR AR
DIk E ZEfok iz s FLIR s S A AR 3, S
HRA AN TR B2 M X K= i SR R
RO A, XK 7 2SR I OK TR HE  HEK
w R HA G, K 43R R (water use efficiency
WUE) K, 5 & IHE K R 5 T8 370 ki A 7K
1Y SE— R ANV EERS R, SR SR K
TR AR, Yol D HEACE B 32 5 7K 3 R TR S b X
B R ASE GO S AT R4k & e i) SR AR

S AGGEREREAR LL , WS THE A S — T Sg 1E 1) 15 7K ik
T2, HATHE K S5 v HE K I 8] FRE K ] 45 6
TR P B /N SRR A T T IR L A
AR ) — R BURE I 7 X HOK Iy Z8 R A /N HE
IKFFH ZR B = > D o A /NS -
ARBA — & I8 3575, 28 52 7R 9 i AR Kk
B ERE ISR TN A st

Y Fs HH3:2018-09-17 #EZ HHEF.2018-12-04

T g AR (RS 2 L i v A X R R 4R e b T
FkPRL™ i, #E IR WRRE A, S R L, 7E
[ S P KCF B IUBEHEAE K AF AT 157K 20~ 50 mm,
REARAERTT /K 70~ 110 mm, [AIRSA BTN, D2
UG 5 T R M R e R et A
FIEH TR AR O A K AR IR I
S IATT A SO i Y £ B o
TA/NF T A AR i e UL AT X B O AR
KAFHKIFIFHRAER ST, PG, OF 58 s 5%
PF TR ERFER BN ACHRAE, 28 5 TR a4 7 1]
AOFEAR R, DI R AE R A B R ARG s S5
FRAEK BIAH LS Z 8 il % FE [ 3 T8 2R 356 1K 70 w55
RO HLEA A8 55, 2T, A DA A
FRORTIBRAE ) B 85 7 B K i Bl RS B 958 Sy 136 A4
SR 2 RE K 230 5 4SS I M B oK 42
B2 12 (0~200 cm) K7 B350, HFFEAN R HE

HE4WA . EHEESY &R (2016 YFD0300106 . 2017YFD030090403 ) , ¥l 4t.45 4 bk B A7 T #2351 H (2019-4-5)
EB B G, 2, BB 51, FEAFAEY RS L BIFSY . E-mail : zhengmj96@ 126.com
CEWAEE B HO, L BT 5L, EENFEY) e S IR S R FHESY . E-mail : jiaxiuling2013@ 163.com



840 Mok ¥ R 34 %
IKABEAONS B K R RR r MR 22 R B2 L SERT Bl Bl 2 K ot N 54T, 4t B I

i, LIS e db s DX K19 KRR M BORR &R 1Y
SR PRSI

1 HRS®

1.1 iKIE R

TR T 2017 AFAETT Jb A AR 27 e Ml 1 4 B

W H B CPER . K T A 3 m AN
AR B ln i, KR A X R AT L 1L AP i
(116°85'E,38°41'N) , ik 0~20 em LA ML
Ji15.7 g-kg ' AE 1.0 g-kg ' W21 g-kg BHfH
A 80.0 mg-kg ™" GERBE 21. 4 mg- kg™ AL 113.9
mg kg™, B BKARKZERAEE R H RS
K1,

1001 = MxtEE 32 [°
—o— THRE
—— HER# 30 L g
80 1 - M k28
L7
R | \\ /{ L26 _
S 60 X [ o =
o LY e o4 = F6 w»
) ] > o
o F22 & s @
£ 401 \ = =
S - 20 ﬁ
g L4
20 18
L3
16
0 T T T T T T T T T T T T 14 L2
S e S PP SIS IEE I VNI
S TS N SN
HH#A Date

T RH AL  MT SS90 B2 SH: H IR I8 A n B A9 U M AT D 20503 A PRI R R A,
Note: RH: Relative humidity. MT: Mean temperature. SH: Sunshine hours. U, M and D on the

X-axis represent the first, middle and last ten-day of a month, respectively.
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Fig.1 The relative humidity, mean temperature and sunshine hours in growing season of summer maize
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Table 1 The irrigation amount of summer maize at different

growth stages micro-sprinkling irrigation and border irrigation

A KR SR
AbH Irrigation amount/mm Total irrieation
Treatments t;
V6 Vi2 R2 amount/mm
PW1 0 0 38 38
PW2 0 38 38 76
PW3 38 38 38 114
QW1 0 0 75 75
QW2 0 75 75 150
QW3 75 75 75 225

TE: V6, VI2 Fil R2UCIGIF IR AR (2017 47 A 11 A .+
JEM (2017 47 H 31 H) FIFLARI (2017 4E8 A 24 H)

Note: V6, V12 and R21'%) represent sixth leaf stage (July 11, 2017,
twelfth leaf stage( July 31, 2017) and early milk stage( August 24, 2017).
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Table 2 Effect of irrigation mode on the grain yield and components of summer maize

b TEK P8 RS ThLH fags
Treatments Number of ears Grains per ear 1 000-grain weight/g Grain yield/ (kg-hm™?)

PW1 77 781. 6b 371.8d 294. 1d 7 508. 3d
PW2 86 512.3a 409. 8¢ 306. 4¢ 8 439. 8b
PW3 87 104. 7a 422.3b 310. 8b 9 805. 5a
QW1 79 368. 9b 416.9b 305. 6¢ 8 037. 0c
QW2 86 776. 8a 426. 6b 309. 1b 8 580. 5b
QW3 87 512.2a 451. 4a 314.3a 10 131. 8a
WK (A)

WKWK (B) "
AxB

T RPN/ NG PR R A BRI 22 52 18 35 (P<0. 05) o ™ RS AR 0. 01 /K E2ER B

Note: Different lowercase letters in the same column indicate significant difference at 0. 05 level. ™ represents significant difference at 0. 01 level among

treatments.
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Note: Different lowercase letters represent significant

difference at 0. 05 level among treatments during

sprinkling compared with PW3. Dark gray column represents that of the same growing stage . The same as following.
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Fig.3 Effect of irrigation mode on the photosynthetic
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rate of summer maize during different growing stages
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Fig.4 Effect of irrigation mode on the dry matter

accumulation of summer maize during

Fig.5

different growing stages
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Note: Different lowercase letters represent significant difference at 0. 05 level among treatments of the same indicator.
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The difference of total evapotranspiration, grain yield and water use efficiency in different irrigation patterns
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Fig.6 Effect of irrigation patter on LAI and transpiration rate during different growing stages
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milking. M-D: Milking to dough. D-F: Dough to mature. Different lowercases letters represent significant difference at
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Fig.7 The stage water consumption and intensity of water consumption under sprinkling irrigation and

border irrigation during different growing stages
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Fig.8 The percentage of water uptake from different soil

layers during different growing stages of summer maize
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Fig.9 The change of daily evapotranspiration during ten days after irrigation under two irrigation mode
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Effects of Micro-sprinkling Irrigation on Yield and
Water Use Efficiency in Summer Maize

ZHENG Mengjing' ZHANG Lihua' DONG Zhiqiang' SHEN Haiping' YAO Haipo'
ZHANG Lirong® JIA Xiuling' "
(Y nstitute of Grain and Oil Crops, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang, Hebei 050035
2 Forestry Bureau of Hengshui City, Hengshui, Hebei 053000)

Abstract:In irrigation agricultural region of north China, water resources deficit, high input and low efficiency are
serious constraints for crop production. Based on this situation, the experiment was performed to explore the physiology
mechanism of different irrigation mode affecting the yield and WUE of summer maize at rainproof shelter. The experiment
was set up two irrigation mode, micro-sprinkling (38 mm per time) and border irrigation (75 mm per time) , and three
kinds of irrigation frenquency with one times ( W1), two times ( W2) and three times (W3). The soil water dynamic
change of summer maize at all growing stages were monitored by real-time monitor system to clarify the water
consumption characters of summer maize under different irrigation modes. Results showed that the grain yield increased
with the irrigation times (i.e. the increased total irrigation amount) under the two irrigation patterns. The yield of micro-
sprinkling irrigation was lower than that of border irrigation under the same irrigation times. PW2 treatment has more
irrigation times and the same irrigation amount but higher yield by 5. 0% in comparison with QW1. Compared with QW1 ,
PW3 has reduced irrigation amount by 24% and more irrigation times, but the yield has increased by 14.3%. PW3
contributed to improving the photosynthetic rate and the accumulation of dry matter, hence increasing the grain weight
and grain yield. The water consumption characters of PW2 and QW2 were further analyzed. Compared with QW2 , PW2
reduced leaf area index ( LAI), the transpiration rate, stages water consumption amount and intensity, daily
evapotranspiration amount after irrigation and increased the use of deeper soil water, especially under 100 cm. These
treatment resulted in the reduced total water consumption of whole growing periods of PW2 by 10. 8% and increased
WUE by 10. 3% compared to QW2. The findings indicated that adopting micro-sprinkling irrigation pattern irrigation
quota of 38 mm and irrigation 2—3 times can increase WUE in the premise of stable yield. This study provide guidence
for reducing groundwater overdrawn, saving cost and increasing efficiency.

Keywords : summer maize, micro-sprinkling irrigation, grain yield, water use efficiency





