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Effects of water and nitrogen management on yield and water use
efficiency of spring maize under shallow-buried drip irrigation
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2. University of Chinese Academy of Sciences, Beijing 100049, China;
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Abstract; A two-factor quadratic saturation D—optimum design was used to carry out water and nitrogen pre-
cisely controlled experiment in a mobile shelter in semi-arid area of western Liaoning Province during 2016 to 2017.
There were two factors, irrigation and nitrogen ( N) applications. The irrigation rates were 145.4, 271.7, 348.2 and
436.2 mm, and the nitrogen application rates were 0, 84.6, 136.1 and 195.0 kg « hm™, respectively, and there
were totally 6 treatments. The effects of water and N interaction on yield and water use efficiency were analyzed and
a regression model for yield was established. The results showed that the yield of spring maize increased to 11 005.60
kg - hm™ with the increase in water when the irrigation quantity was between 145.4~350.5 mm, and it decreased to
10 730.09 kg - hm™ with the increase of water when the irrigation quantity was 350.5 ~436.2 mm. When the
?, the yield increased to 10 983.19 kg + hm™* with the increase in N ap-
plication. When the amount of N was 146.9 to 195.0 kg - hm™, the yield reduced to 10 862.39 kg - hm™ with the

increase in N application. The effect of irrigation was greater than that of N application, there was an obvious posi-

amount of nitrogen was 0 to 146.9 kg + hm”~
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tive interaction effect between the two factors, when the irrigation was 373.1 mm and the N application was 165.6
kg -+ hm™, the yield reached the highest. Crop water consumptions were greater in the jointing-tasseling and the fill-
ing-harvesting periods, which were 115.64 mm and 127.50 mm, respectively. Water use efficiency decreased with
the increase in irrigation, and decreased up to 52.21%. However, water use efficiency increased first and then de-
creased with the increase in N application, and it increased in 14.73% ~20.08%. Treatment 6 (irrigation volume
348.2 mm, N application 195.0 kg - hm™) was most conducive to the improvement of water use efficiency. Based
on the results of both yield and water use efficiency, the suitable water—N application pattern for shallow-buried

drip irrigation of spring maize was established and the optimum parameters of irrigation amount was 348.2 mm and

N application rate was 165.6 kg « hm™.

Keywords: shallow-buried drip irrigation; water and N management model; spring maize; yield; water use

efficiency ; semi-arid area of western Liaoning Province
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Table 1  Code level of experimental factors *ﬁfﬁi(kg . hm—z) ETa ﬁﬂﬁzﬁ%ﬁﬁﬂ(i( mm),
iy i S it 1.4 HiEAIE
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Treatment Vf@% ' N application Iﬁiﬁfm N application Tf‘%: , SPSS 19.0 %T+%$ﬁﬁ1¢lﬁ4TE%‘f$ﬁ*ﬁ( P<
rrigation ate rate v . &
volume/mm /( kgr:a;mﬂ ) volume/mm /( kgljl Em_z ) 0.05 ) , 7KFH SlgmaPIOt 10.0 $K{£F1/E o
1 -1 -1 145.4 0 -
2GR0
2 1 -1 436.2 0
3 -1 ! 145.4 195.0 2.1 KEEEWEEHEIH
4 01315 ~0.1315 277 84.6 2.1.1 F®EERES FIH 2016 45,2017 42 a
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Table 2 Implementation plan of shallow-buried drip irrigation treatments throughout the crop growth period
=3 BTl il ] L& S eIN ]
hbyq Seeding—jointing Jointing—tasselling Tasselling—filling Falling—havesting
Treatment Kk YK 7Kt/ mm TR UEL 7Kt/ mm TR UKL 7Kt/ mm HEAR B K/ mm
No. of irrigation Volume No. of irrigation Volume No. of irrigation Volume No. of irrigation Volume
1 27.6 2 39.8 1 32.0 2 45.9
2 2 82.9 3 119.5 2 96.0 3 137.8
3 1 27.6 2 39.8 1 32.0 2 45.9
4 2 51.6 2 74.4 2 59.8 2 85.9
5 2 82.9 3 119.5 2 96.0 3 137.8
6 2 66.2 3 95.4 2 76.6 3 110.0
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Fig.1 Sole effect of water and N application on yield
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Fig.2 Combined effect of water and nitrogen on yield
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FACT = a R AL 1 FIALEE 3, 5 FAbH 2 AbB
5, 5408 4 AR LU FRARAS 0 3, R A A 3 i AR
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Table 3 Water consumption characteristics of maize growing period under different treatments

4T PR il il S0 N~ WAk
Ab 3R Seeding—jointing Jointing—tasselling Tasselling—filling Falling—havesting
Treatment CA CDh Ccp CA CDh Ccp CA CDh CpP CA CD CcpP
/mm /(mm-d") /% /mm /(mm-d') /% /mm /(mm-d') /% /mm /(mm-d") /%
1 25.37b 0.73b 14.64a  71.52ab  2.55ab 35.81a  38.16b 2.24b 20.03a  92.0la 2.24a 48.30a
2 111.67a  2.79a 22.48a 126.4la  4.5la 24432 119.4l1a  7.02a 24.46a  146.11a  3.56a 28.64a
3 34.456b  0.86b 16.58a  47.71b 1.70b 25.76a  66.38ab  3.90ab 35.86a  68.57a 1.67a 36.12a
4 65.42ab  1.64ab  20.46a  82.58ab  2.95ab 26.19a  79.70ab  4.69ab 24.96a  89.19a 2.18a 28.39a
5 102.11a  2.55a 23.26a 103.48ab  3.70ab 23.58a 103.15a  6.07a 23.72a  129.57a  3.16a 29.45a
6 57.05ab  1.43ab 14.29a 115.64a  4.13a 29.03a  98.87ab  5.82ab 24.64a  127.50a  3.1la 32.05a

T CA NFE/K AL ; CD AFE/KHRIE ; CP AR R KL, [RISIAR/NG PR A Bl 22 57 3% (P<0.05) , 1A,

Note: CA; Water consumption; CD: Water consumption intensity; CP: Water consumption percentage. Different lowercase letters in the same col-

umn indicate significant differences between treatments (P<0.05) , the same below.
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F4 AEKELERIKSFIHRE
Table 4 Water use efficiency of maize under

different treatments

FRL I
Kb Grain yield
Treatment /(kg « hm™2)

K53 F R
WUE
/(kg + hm™ - mm™)

FEK BT/ mm

Water consumption

7042.19+£92.30d  203.46+29.36e 36.26+5.77ab

1

2 8553.99+342.31b  503.61+48.41a 17.33+1.98d
3 7893.90+81.17¢  192.74£16.60e 41.60£3.77a
4 9029.43+118.61b  316.90+13.29d 28.61+1.48bc
5 9109.50+14.90b  438.32+11.43abc 20.81+0.50cd
6 10204.17+214.58a  399.05+11.10bc 25.58+0.39¢d

5 5hbH 6 Zal, 54 6 2R AR E, HIA B 6
AR, AR TR, 456 403 6 HE R
5 e e 7 R A it A, YK i 348.2
mm, Jifi B &N 165.6 kg - hm > I, B 7 &N
11 206.72 kg - hm™, Sy f5 /& 72 5 1 99.8% , 1] 15 7K
7.2% , Pk FEASIRI AT, W 348.2 mm, Jifi A
165.6 kg + hm™ (7K FU2H A & 38 B 09 P i K A
B R,

3 TSR

2 G BEAE SRR R TR, VR M T S BT T v A
HEAK AR RIS = B A 2, H R B E T K 32.29%
PR B 5T 3R U, A B B XA T K A )
AF, PR A s T oK R 1~2 d, PR iR
15 8.3% ,WUE 4215 1 7.4% , HRIEASHIFFT 45 R4 1
SEEL YRR K 373.1 mm, A BN 165.6 kg -
hm i IR HEAR FoK = I8 F] 11 231.16 ke -
hm™ H5 A BRI R W AR IR X £ 47
i) K B4 6 000 kg - hm™, A 0L,
TR L VR T Wt 2 =K, AN A AT Lk B KT A
(R B, B2 i X K 43 B R 503, SCRE 2 B 1 1
SRR, B A AT, DR AR I 9 4 2R T I P b IX
FORTT K BAA EENIE TR, FR, A5
W R, K5 A0 5w AE Y = i T &R
T S 1 35 T 2 R it 6o, K R B ROK 7 i
A R 7 e i R e A SR R e Y R
FEET T M 2k R e, X ] g i 1 AE
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