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Effects of irrigation amount and nitrogen synergists on yield
and utilization of water and fertilizer of summer maize

ZHANG Jun',WANG Xiaochang®,CUI Xiaolu',LI Aogi',ZHAO Lu ',HU Tiantian'
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Regions of Ministry of Education , Northwest A&F University ,
Yangling , Shaanxi 712100, China ;2. Shaanxi Agricultural Publicity and Information Center, Xi’ an, Shaanxi 710048, China)

Abstract: To explore the comprehensive effects of water and nitrogen synergists on the growth and utilization
of water and fertilizer of summer maize,, summer maize field experiments were carried out under two irrigation levels
of 40 mm (W1) and 60 mm (W2). Five nitrogen applications including no nitrogen (NO) , urea (U), urea + ni-
trification inhibitor (U+DCD) , urea + urease inhibitor ( U+NBPT) , urea + double-effect inhibitor (U+N+D)
were implemented. The results showed that urea combined with urea synergist significantly increased summer maize
yield, aboveground biomass at maturity, net income, water use efficiency and partial productivity of nitrogen fertil-
izer compared with urea alone. The increases were 5.92% ~13.82%, 5.85% ~18.07% , 11.12% ~24.30%, 12.35%
~41.83% and 5.93% ~13.80%, respectively,and urea combined with double-effect inhibitor had the best effect.
The application of urease inhibitor and double-effect inhibitor also reduced the accumulation of ammonia volatiliza-
tion and the residual amount of nitrate nitrogen in mature soil of summer maize field, among which urea combined
with urease inhibitor had the best effect. Compared with W1, urea combined with double-effect inhibitor treatment

at W2 level improved the yield, aboveground biomass, net income, water use efficiency, and partial productivity of
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nitrogen ferilizer at maturity by 10.54% , 15.51%, 19.40% , 20.31%and 27.36% , respectively. The treatment of u-

rea combined with urease inhibitor decreased the accumulation of ammonia volatilization and residual amount of ni-

trate nitrogen in summer maize field soil by 11.33% and 48.46% , respectively. Considering the economic benefits,

environmental benefits, water and fertilizer utilization efficiency, and plant growth of the summer maize fertilization

and irrigation scheme, a fuzzy comprehensive evaluation system was established, and the optimal treatment was

urea combined with double-effect inhibitor under 60 mm irrigation.

Keywords; irrigation amount; nitrogenous synergist; soil ammonia volatilization ; soil nitrate nitrogen residue;

summer maize yield; utilization of water and fertilizer
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Table 1 Test scheme

o R SR
Treatment Imigation  Urea amnuj;t Nitrogen fertilizer Synergist amount
quota/mm -/ (kg + hm™) synergist type  /(kg - hm™)

NO 0.00 0.00

U 391.30 0.00
U+DCD  40(W1) 391.30 DCD 2.29
U+NBPT 391.30 NBPT 1.17
U+N+D 391.30 NBPT+DCD 2.29

NO 0.00 0.00

U 391.30 0.00
U+DCD  60(W2) 391.30 DCD 2.29
U+NBPT 391.30 NBPT 1.17
U+N+D 391.30 NBPT+DCD 2.29
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Comprehensive evaluation of summer maize
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Fig.2 Comprehensive evaluation system
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Note; Different lowercase letters in the figure indicate significant
differences between treatments (P<0.05). I and N represent irrigation
level andsynergist treatment, and IXN represents the interaction effect
of irrigation level andsynergist treatment. ns, * and * * indicated no
significant difference, significant difference (P<0.05) and extremely
significant difference (P<0.01) ,respectively. The same below.
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Fig.3 Effects of irrigation level and synergist treatment on

yield and aboveground biomass of summer maize
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9.84% 11 20.31% ; U+NBPT 4k H 7K 43 | FH 5505 Fifi 35
TR PRI U /N 11.98% , U+N+D Ab 3 [ 98 7K
e R R, DA g R R it ] =N G )
[ATE /=M V@il ) &

iR 2 AT RIS A5G0 26 B IS D A= 7 )
(NPFP) FENEA 2= F A% (AUE ) FVA R FIH %
(NUE) ¥J52ma i 3  AHEEF U ACER it FH 2R 38 5%
FIAL B NPFP AUE F NUE )5 3K W1 K
KT U+DCD A 3R 3G I 5 oy 35, 36 0 43 50
13.80% .79.87% 1 67.53% ; W2 #/K/KFEF U+N+D
Q¥R NPFP ,AUE 1 NUE ¥4 1§ 4% % K 13.27% .
59.05% 1 4.07% , ZUR o B3, 5 W1 AL, W2
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Table 2 Effects of irrigation level and synergist treatment

on water and nitrogen utilization of summer maize

O BRIk

Irrigation ~ Synergist y (k:,/f]rEn_3 )/ (k]:]}??;'] Y (kgAf]fg_l ) NUE/ %
level treatment °©
NO 1.48f 25.29¢
U 1.53f 32.04e 6.21e 23.28e
W1 U+DCD 1.93d 36.46b 11.17a 39.00ab
U+NBPT 2.17b 33.94d 8.64¢ 34.87cd
U+N+D 1.92d 34.83¢ 9.53b 32.45d
NO 1.49¢ 27.77f
U 1.70e 33.98d 6.74d 25.63e
w2 U+DCD 2.12¢ 38.42a 10.65a 41.28ab
U+NBPT 1.91d 36.15b 8.38¢ 37.94bc
U+N+D 2.31a 38.49a 10.72a 42.05a
J725HT Analysis of variance
1 EES % ns %
N * ok * ok S * ok
IxXN ok * % ® ok *

TE : [ S ) B 3R R A B ) 22 573K 81 P<0.05 W38 7KF 51 F
N I35 R AR RGO A B ns | o I+ o+ 3 HIFROR 2 A B
# B (P<0.05) i B3 (P<0.01) . T,

Note: Different letters in the same column indicate that the
difference between treatments reaches the significant level of P<0.05. I and
N are irrigation level and synergist treatment respectively. ns, * and * *
indicated no significant difference,significant difference (P<0.05) and ex-

tremely significant difference (P<0.01) ,respectively. The same below.
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Table 3  Effects of irrigation level and synergist treatment on economic benefits of summer maize
AbFE Treatment X Output A Income
KK B Ak B k2% e Hy EA e e
Irrigation level Synergist treatment Water bill Fertilizer Other Gross income Net income
NO 160 2257 4580 13428d 6431g
U 160 3979 4580 17013¢ 8294e
W1 U+DCD 160 4103 4580 19364ab 10522h
U+NBPT 160 4063 4580 18019be 9216d
U+N+D 160 4128 4580 18494bc 9626¢
NO 240 2257 4580 14747d 7670f
U 240 3979 4580 18045bc 9246d
w2 U+DCD 240 4103 4580 20411a 11488a
U+NBPT 240 4063 4580 19199ab 10316b
U+N+D 240 4128 4580 20441a 11493a

TE DR S A A5 HERH R S S 250500 9, L S Bl At b SO A bl 6 B I ) A7 B T 25 2

Note: Fertilizer expenditure includes the cost of fertilizer and nitrogen fertilizer synergists. Other expenditure includes the cost of sowing, harvesting,

turning over and threshing.
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WA I 25 Pl 9 K B A3 R K, 5 W1 AH
L, W2 K IKFTF 45 it FH 20N Ak 38 i) 6 0 A FR
W Es 3 B 5.41% ~10.53% F11 9.18% ~ 19.40%
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NBPT Hl U+N+D &b 353 511980 /]N 18.93% 1 7.23% ;
W2 KK U+DCD Ab P& 3% & B K
5.98% ,U+NBPT Fl U+N+D &b FE 43 Hk /N 14.29%
H16.25% , Bl K 3G 025 b 3 21 15 & R
B F R AT W1, W2 7KK T 45 Ak 41
P52 % BRI FEAK 5.90% ~ 19.63% , i Fi &8 1) 4b
Birf U+NBPT 2 # & R B ik, 8 W1 BEAX
11.33%,
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Ammonia volatilization accumulation
o
(=]
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Jii A 5 K % Days after fertilization/d

457 w2
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Fig.4 Ammonia volatilization accumulation in summer maize

growing stage under different irrigation levels
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Fig.5 Residual nitrate nitrogen in summer maize field soil
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Table 4 Comprehensive evaluation of subjective weight

Hix S R E £t TRV E SV
Objective Factor Factor weight Index Index weight Population weight

TR 2E 0.500 Uy, 0.500 0.250

i 7K T R 2 P o AR 2 Econuml(,: benefit U, 0.500 0.250

BVEMN W R 0.214 U,, 0.550 0.118

Comprehensive evaluation of application Environmental benefit Uy, 0.450 0.096

effect of irrigation and nitrogen fertilizer KRR FI 0.214 Uy, 0.500 0.107

synergist type Utilization of water and fertilizer Us, 0.500 0.107
= rop growt . 41 . .

YEPIHE K Crop growth 0.072 U 1.000 0.072

RS BEUNERAGWNELZSTNHN

Table 5 Comprehensive evaluation of objective
weight and combined weight

fetn

I Un Up Uy Up Uy Uy Uy
WAL
Objective 0.108 0.113 0.184 0.151 0.228 0.108 0.108
weight
HARGE
Combined 0.160 0.166 0.170 0.164 0.132 0.115 0.093
weight

Ro ZETMER

Table 6 Comprehensive evaluation results

TR R AL PR AT HE#
Trrigation level — Synergist treatment Score Rank
NO 2.32 9
U 2.06 10
W1 U+DCD 3.58 4
U+NBT 3.30 5
U+N+D 2.97 6
NO 2.61 8
U 2.96 7
w2 U+DCD 3.68 3
U+NBPT 3.99 2
U+N+D 4.43 1




130 T XA 5T

42

3 W ®

3.1 KSMEREEFIMEERTE H EEWME

B Z 5 s M 220

VHE 7K AT 0 R 338 8050 2 B % B oK ™ I
BCAS L bAE  E R e  H SC I 9 R BT
A 00 o) 500 B8 A1 o) ) T I S e R oK A
Mo b AR RO AR A A
SRR 5 A FH AU 34 8GR0 (9 U Ab FRAH i
Jit RN 3 50500 AT 2 R e R OK T R 5.92% ~
13.82% , $i& = H F K b AW i 5.85% ~18.07% , H.
TR FIAL P (U+N+D) SO e, A B it &
NE S GRIBGE P = T B K R A A i X ] fig
HRIEHPGAN IR T L Ae AR B, b T AR
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