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B2 i FE K (45 N 191.25 kg*hm =2 . P,05 76.5 kg*hm ™21 K,0 153.0 kg*hm~2) 41 & 7 3% % % 7 & 9016.9 kg*hm~2, &
WRAKVERARE, MEEXKED MBHE AL TR EANE9.01% % &2 9.92%;F —#XKET,EX
FHEANEE Bl >B2>B3>BA;MEKER I, A Z A AR AFRKFRE AR EERNEHAH T v, kA
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Effect of drip irrigation and fertilization on grain yield and
nitrogen utilization of maize

TAN Hua, ZHENG De-bo, ZOU Cheng-lin, WEI Xin-xing, HUANG Ai-hua, WU Yong-sheng,
JIANG Wei-ping, WEI hui, MO Run-xiu, HUANG Kai-jian

( Maize research institute , Guangxi academic of agriculture science , Nanning, Guangxi 530007, China)

Abstract: Field experiments were conducted to evaluate the effect of drip irrigation and fertilization on yield and ni-
trogen utilization of a maize hybrid Guidan 688 with a split plot design of four irrigation treatments (Al,A2,A3, and A4)
and four fertilizer levels (B1,B2,B3, and B4) . The results showed that maize yield ranged from 7 682.2 kg*hm~ 2(A4,
1237.5m’hm~2) to 8 640.7 kg'hm_z(Al , 2250 m*+hm~2) . The combination of Al and B2 (191.25 kg N-hm~2,
76.5 kg P,0s-hm~%, 153.0 kg K,0+hm™?2) obtained the highest yield (9 016.9 kg*hm~?). Protein content of maize
kernel ranged from 9.01% to 9.92% across the four nitrogen treatments, with an order of B1 > B2 > B3 > B4 under the
same irrigation amount. Nitrogen use efficiency, nitrogen agronomy efficiency and nitrogen physiological efficiency in-
creased as the nrrigation amount increased, while decreased as the fertilizer rate increased. In addition, plant density
showed beneficial effect on nitrogen use. In summary, right combination of irrigation and fertilizer could improve water
and nutrient use efficiency and grain yield as well.

Keywords: maize; drip irrigation under film; integration of irrigation and fertilization; yield; kernel protein con-

tent; nitrogen utilization
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KA BB R A TR A it A R A

KB — ARG RE 2 A B T g R 48, Bl s R AL R
P THEMK  JE KR IE S 18 A E PR PR £, $2
HEAEYRACR AR = AE KA R T 5 BT
SR DX B ORARAT R K 2 -5 AR 5 2R 4
U1, REAHR 7 A FH 5 2808 BLK o, K 73 VR AL
PSS REARMIEZEARSE & B A 7K HE AR 0 B e 5 PR A
B KON — AT G P 5 i RE ARG s 9 4
TE A S B340, [ Bt 0 AR AR A A A A0 A
AR, 3 T S8 0 2 % 3 4 IR SR P2 g
PRt TR, BB K 43 HO AL 37 43 H R 3
] DA HEHERL A B i, 4 e AL RE A FH R, el LA
KSR L 42 785 K 43 R RIS oKOIE — ki e
REAN IR BE 4 o TR R TG 7 (4 0 4 i A fild
PR I S T PRI 0 7 B 7 23 M IO 3 e
Pt F5 S WBORI 4 S BB A AR S AR A K
REFIEFRACHI ) ALk 0 Kk B TR %
TARZEE RS ZERE I H RS A | B 2R Ry 16
DT WAL , 48 = = i 0 A S A it P | B3t
JFA A A o AR IR0 A B — A T 1o P 5
VEER  BRVP/KAE B 7% K 7 o M2 /3 A AR
FHBRIE , LU O S K 40 kA S K IS A
BRSNS

1 MRS IE

1.1 e

Pk A ol 48 FoK R 6887, 1S T 2013
AEAE I K F KR O T b e e (AR &
107°197, b4k 22°12", ¥4k 105 m) #6747, il 48
T+ B2 AL 1.96% , 2R 0.196% , 4=
% 0.058% , 2= 0.396% , B fif 2 53.5 mg-kg™', i
W (P,05)17.9 mg- kg™, B AH (K,0)125.0 mg-
kg_l,pH 7.5,

1.2 RWigE

I, % EALH 4 KR ALLA2,A3
F A4, BIAE PR 4 A IEKSF B1.B2.B3 1 B4, B hx
I EZK B 2 250 mme hm 2, f e it A HE 4 N 225.0 ke
~hm~2.P,0590.0 kg*hm~2.K,0 180.0 kg-hm~2, &4k
BELL 15% 33 99, 106 %5 Bk 52500 # - hm 2,3 IREE
2,6 17IX, 47K 10 m, /N X 42 m?, DU dse i K B
CKI(CARHEAE ) AT CK2(B2 AL /KF-) S % 5t i, ik
BALPRITRIT AR 1,

REG/N X W B HES AN 2, IR E 4~ 5 m 3
P17,

x1 RBLEHFRE

Table 1  Treatments in the experiments

K
e aba N P,0s K,0 Trigation
Code Treatment /(kg-hm=?) /(kg*hm=2) /(kg*hm~2)  amount

/(m®+hm~=?)
1 CK1 0.0 0 0 2250.0
2 CK2 191.25 76.5 153.0 2250.0
3 AlBI 225.00 90.0 180.0 2250.0
4 A1B2 191.25 76.5 153.0 2250.0
5 AIB3 157.50 63.0 126.0 2250.0
6 A1B4 123.75 49.5 99.0 2250.0
7 A2B1 225.00 90.0 180.0 1912.5
8 A2B2  191.25 76.5 153.0 1912.5
9 A2B3 157.50 63.0 126.0 1912.5
10 A2B4  123.75 49.5 99.0 1912.5
11 A3Bl  225.00 90.0 180.0 1575.0
12 A3B2  191.25 76.5 153.0 1575.0
13 A3B3 157.50 63.0 126.0 1575.0
14 A3B4  123.75 49.5 99.0 1575.0
15 A4Bl  225.00 90.0 180.0 1237.5
16 A4B2  191.25 76.5 153.0 1237.5
17 A4B3 157.50 63.0 126.0 1237.5
18 A4B4  123.75 49.5 99.0 1237.5

F2 WX HEIEHESE

Table 2 Arrangement of experimental plots in the field

CK2 CKI  A3B1 A3B2 A3B3 A3B4 A2BI

A2B2 A2B3 A2B4 A4BI

A4B2 A4B3 A4B4 AIBI  AIB2 AIB3 AlB4

A4B1  A4B2  A4B3  A4B4  A2BI

A2B2 A2B3 A2B4 A3BI A3B2 A3B3 A3B4 AIBI

AlB2 AIB3 AlB4 (Kl CK2

CK1 CK2 AIB1 AIB2 AIB3 AlB4 A2BI

A2B2 A2B3 A2B4 A3BI

A3B2 A3B3 A3B4 A4BlI A4B2 A4B3  A4B4

1.3 REHE

PTG it S Ak LI it e A = 358 47 ik EL e P 5 CK2
Jiti A A HR I 20 % 1 HEAE , 80 % 1E 18 AE (17 AE = 4577
JE: BEAE N 10% :20% :50% ) , B A 30% 1 3L AE,

70%E 38 AL (i AT = #5775 B8 < B8 A8 R 20% < 30% -
20% ) ; 7K B — Al IS Acb 3L 60 R E TS Sy e ES < 4 ES -
AR RZAE 53514 10% :30% :55% 5% F120% :35%
145% 0% 3 T VE it , 56 0 (B] B /K ik 355.5
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FORAEFP G BEAT FORAT— ST HE A, W 7
B 5 MR 55 , £ /NX ST HE KA il At R T
EHE KR,
1.4 BEXR&ESHE

BCAVE W TR) 2 AT B ZE KAy 14% 3177 5 4%
JNDXHURE 5 8K, 105°C AT G 80CHE T RAEE , 114
Yy, SRR IR i (R B = A x
6.25) FIEIE & A i

FEAR 4 00 & I, MG TR OB B S R vk
H,S0, - Hy0, T , R FH LG ZE I E 5

REMAHRE = AL B MRR A & - AR
RS REAE R IR L) /AU x 100%

RERFROR = (AL FE =5 - JoR XX
PR /it AR

REAFROR = (it AL FE = 5 - JoR XX
7 )/ O ZAL PR AR A - TCR IR A )

FH Excel 2007 F1 DPS7.55 XF 56 B #E 4740 11
I3HT

2 ZER5HT

2.1 EKERBIEREIERIFH=ER M

T5 2253 Hr R WA [Rl /K i 2Z (8] | ] — WK A
(vt S et 2 ) oK ™ o 22 S 3 3 i 3 /KO K
AR AR (A x B) 7= A2 IR 1M 22 57 A 3k
KT

ST BN TR)E KB T ORAFRL ™ 5 A1(8 640.7
kg*hm™2) > A2(8 479.0 kg-hm~2) > A3 (7 995.1 kg*
hm~=2) > A4 (7 682.2 kg-hm™2), A1 A2 A3 Lt A4 4
FEIN K, AL A2 A3 B8R IR K AL S
A2 PP EZEFARIBREKT

TRl —HEK & T, A R IE & £ K RPRL™ & B2
(8 562.9 kg*hm=2) > Bl (8 207.7 kg*hm~?) > B3
(8 092.6 kg*hm~2) > B4(7 933.9 kg-hm~2),B2 It
B1.B3.B4 7= 3k . /K F, Bl b B3\ B4 37735 i
FKF, B3 H B4 Bk L EKF (R 3)

IR AT B AN TR K B TR AR R A
N 25 5 0 2 TR 25 A T KK AL ™ it AV K
BETNTAE R, B A4 K (1 237.5 - hm ) $E
F AL K (2 250.0 - hm™?), E K= a H
7 682.2 kg hm #2553 8 640.7 kg hm ™2, J# E K Xt
F ey TR i A E A AT AR [R]— HE K i PR )
Jite A i 7 o 25 5 B 3, B2(8 562.9 kg hm~?) H Bl
(8207.7 kg hm™%) . B3(8 092.6 kg hm~?), B4

(7 933.9 kg+hm ™) 147 3k 5 F/KF-, w] W3S B 1Y
NEAEREFRAT A= Y= 4o
£3 AREKIEHEELEER"E
Table 3 The yield of maize under different water and

fertilizer treatments

FALFE Main treatment FIJAbFE Assistant treatment

WK FERL it A K FERL ™t
Irrigation Grain yield Fertilization Grain yield
amount /(kg*hm~2) level /(kg*hm~?2)
Al 8640.7a Bl 8207.7b
A2 8479.0a B2 8562.9a
A3 7995.1b B3 8092.6¢
A4 7682 .2¢ B4 7933.9d

e % FoR A=A FEh 5% 225 3% .
Note: * * different letters mean significance at P < 0.05 level in the

same column. The same as below.

2.2 JKRB—{KPE T EX EXFFR 2R

AR AE 26 0K 77 i A 4 PR 22 53 25
TR — A% T e 0t A Ak K 7= E 7 411.8
~9 016.9 kg-hm™?, F CKI JCAE X b B (5 913.3
kg hm™2) 7 25.3% ~ 52.5% , PREL H K HE— {4
TR FU NS X B 8 oK P i E A R 5
AL AL CK2 AH LE, K I — A AL A 8 Ak
P CK2 3877, Hidh A1B2(9 016.9 kg hm™2) \A2B2
(8 854.2 kg-hm~2) Fll AIBI(8 646.9 kg*hm™?)%§ 3
ANAE B LG H LG IR CK2 (8 269. 5 kg hm™2) 3y
4.6% ~9.0% ,FRBLHIEE MK B4 G T AKHE—{&
THRELE P TG T AL

e —HEAR S F T, BOK ™ 5 B AN [ it I
HEARRIMAEEZ R 76 AL KR, B2(9 016.9
kg-hm~?) > B1(8 646.6 kg-hm=?) > B3 (8 506. 1
kg+hm~2) > B4(8 393.8 kg-hm~?),B2 kb B1.B3.B4,
B1 [t B3.B4,B3 [t B4 1§73k B /K5 78 A2 #EK
T, B2(8 854.2 kg*hm™2) > BI(8 448. 1 kg-hm™?)
> B3(8 367.8 kghm~2) > B4(8 245.9 kg-hm~?), B2
kb B1.B3.B4, Bl B3 4 B4 #§7 3k B &K%, Bl 5
B3 Z[A]™ i 25 e AR GR BE K 7E A3 K =, B2
(8378.9 kg hm=2) > BI1(8 026.8 kg-hm~?) > B3
(7 890.6 kg*hm~2) > B4(7 684.0 kg-hm~2),B2 It
B1.B3.B4,B1.B3 [t B4 3%~k . /KF, Bl 5 B3
Z ] 22 5 R GR35 K 7R A4 HEK & rp, B2
(8001.5 kg=hm=2) > BI(7 709.2 kg+-hm~?) > B3
(7606.1 kghm~2) > B4(7 411.8 kg-hm~2),B2 It
B1.B3.B4,B1.B3 [t B4 3%~k . /KF, Bl 5 B3
Z I AR IR BE K (K 4) .
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Table 4 The yield and protein content of maize under different water and fertilizer treatments

Lt P Bt o B
Trﬁlfim Grain yield :gf:K}:_/ﬂ(;ﬂ :gig/a ﬁpérl OJE;% [?I_’%]EI%_% li[ﬁﬁCEZ%i%
/(kg-hm=2) Compared with CK1 Compared with CK2 Compared with CK1 Compared with CK2

CKl1 5913.3 -28.5 8.22

CK2 8269.5 39.8 0.0 9.55 16.18

AlBI 8646.6bc 46.2 4.6 9.99 21.53 4.61
Al1B2 9016.9a 52.5 9.0 9.%4 20.92 4.08
AlB3 8506. 1cd 43.8 2.9 9.88 20.19 3.46
AlB4 8393.8cd 41.9 1.5 9.87 20.07 3.35
A2B1 8448 . 1cd 42.9 2.2 9.99 21.53 4.61
A2B2 8854.2ab 49.7 7.1 9.92 20.68 3.87
A2B3 8367.8cd 41.5 1.2 9.86 19.95 3.25
A2B4 8245 .9de 39.4 -0.3 9.82 19.46 2.83
A3B1 8026 . 8ef 35.7 -2.9 9.99 21.53 4.61
A3B2 8378.9cd 41.7 1.3 9.86 19.95 3.25
A3B3 7890. 6fg 33.4 -4.6 9.65 17.40 1.05
A3B4 7684 .0gh 29.9 -7.1 9.56 16.30 0.10
A4Bl 7709 . 2fghi 30.4 -6.8 9.05 10.10 -5.24
A4B2 8001 .5efg 35.3 -3.2 9.03 9.85 -5.45
A4B3 7606 . 1hi 28.6 -8.0 8.99 9.37 -5.86
A4B4 7411.8jj 25.3 -10.4 8.95 8.88 -6.28

IRIG LSRR, TR R K &, R RS K-
T i A e S 38 i e 2 B R I IR
b, R BT K T2t 3t 25 T S0 7 RO BRI, 2
T ELA T K AT DL i I RR 32, BRI 4 R
Ky,

2.3 JKBE—{KPE TN EXAFRIE AR

ANTRIVHE K 2 1) 249 6 KRR B 1A 5B 1 it IR 7T
(DR 5 N k=2 1510 M1 =1 o/ N VA R e = D T
o Gt RN RV K S FFRL AR 10T A1(9.92%)
> A2(9.90%) > A3(9.77%) > A4(9.01% ) ; 243 /K
O A4(1237.5 w’-hm ™ 2) R E] A1(2 250.0 m*-
hm=2), FRFPRIE A 9.01% 42555 9.92% , 1
1 10.01%.

AN [ JE Ab 3 R KR BT R AE 8.95%
~9.99% , tLIGHE X CK1 FfRLEE [ 5T 7% 5 (8.22%)
P 8.88% ~21.53% , K IE— i HEA 12 A~ 4bFE
AR EE B & LR R AR AL FE CK2(9.55% ) A A~
AR S 4R e R IR 0.1% ~4.61% , 4 4 b
I CK2 A AR REEE M T B, TREIEE 5.24% ~
6.28% ;i AL 7K ~F- ¥F L &5 F BT B1 (9. 76% ) > B2
(9.69% ) >B3(9.59%) > B4(9.55% ) , W3 4.

DA 25 SR < S [R) K ) 2 KRR R
|G R e GO N 7 Wy | S S e B N
10T A5 BT 2 e AT R B 1 0 o5 () — VK ot Bl
Jit S 2t 8 o KA B T B A

2.4 EREEZ(ABRR)REILERERR(BER)
POk —{:0p Al

ANTRIHE K BT TR AR 7 AR i AR TR
Mo GEiTEM, A A1(21 602.6 kg-hm™2) >
A2(21 355.9 kg-hm=2) > A3(20 100.6 kg*hm~?) >
A4(19291.9 kg-hm™2), A1 A2 b A3 A4 P2
KB FIKT, A3 TE A4 PR E IR B E KT, ALY
A2 Z[E) e 28 S ARGR B K

[Fi) —JHE K A= 7 e B E K 32 = T 2 o
T[] —HE K 2 A8 7= & B1(21 005.4 kg-hm™2) > B2
(20 952.4 kg-hm~2) > B3(20 438.5 kg-hm~?) > B4
(1955.0 kg*hm~2),Bl 5 B2 2% A% ,B1.B2 [t
B3, B4 387755 8 K, B3 H B4 3877 1k B OKF
(#£5).

FWIATRIRE K B[] — 7K S A [ i AT 7K P o
AWy e B A A 0N, W K B 1 o 5t
HEZKP-4 i A i a4 v, I K R it A X i e
FORAY T 1 BA BN R
2.5 KIE—iEEX R R AREN

ANTR] K BB AL BT T ok B I RBCRH R AN R 52
M) o 7K B — AR VEE 45 b B A= 1 7 it AR R AE 18 705.4
~22237.7 kg hm ™2, 55 MU L AL BE CK2(2 054.0
kg hm 2) HH I, Hih g 9 N A 0.5% ~
8.3% ., 7T MALA LE MAEIE AL B CK2 3™ 0.1%
~8.9%,
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Table 5 The average biomass under different water and

fertilizer treatments

F AL Main treatment BIALFE Assistant treatment

Mok it Kb HHE AT kb

Irrigation Grain yield Fertilization Grain yield

amount /(kg*hm=2) level /(kg*hm=2)
Al 21602.6a B1 21005 .4a
A2 21355.9b B2 20952 .4a
A3 20100.6¢ B3 20438.5b
A4 19291.9d B4 19955 .0¢

15 A1 K G551 AN Rt S AP A 7= 1 7
20 925.0 ~ 22 237.7 kg hm ™2  AHAR 4L & & 148.5
~170.4 kg*hm ™2, A ZAE 40.8% ~ 56.5% , Jift
AN EUE BT REHG N oK 7 i 1 B “ER IR R

TN T 8RR oK 5 R 12.1 ~ 20.0 kg, YEWIH%
JIT W A R F A 2R T 7 R RE ) R R A Bk
L9 29.7 ~36.0 kg; 16 A2 BEKR AT, A ) it AL
IKEA PR 20 906.8 ~ 21 969.2 kg hm ™2, Fikk
Wl 2 0 B 135.2 ~ 168.3 kg hm ™2, & F] R AE
39.9% ~45.8% , RAFRIFH N 11.3 ~ 18.8 kg, AR
HE ISR R 28.2 ~ 41.2 kg 7E A3 HEIK B4 1F, AT
Titi B K SP- 2 4 7= A 19 282.9 ~ 20 516.0 kg-hm ™2,
TR U 40 80 R 127.0 ~ 157.8 kg hm ™2, & F F %
1535.2% ~39.2% , AACFRHE R 9.4 ~ 14.3 kg, B
FAEPIGUR N 26.7 ~ 36.5 kg; 16 A4 HEK R &0F, A
At E 7K SF A ) 7= B E 18 705.4 ~ 19 298.6 kg -
hm ™2, FE R 4l 2 143.8 ~ 112.1 kg hm ™2, & F)
FHZAE 29.0% ~ 27.2% , RAF5%E N 8.0 ~ 12.1
kg, REAEPIRCRN 27.5 ~44.5 kg(£ 6) .

F6 ARKABLEIER N F AREH RN

Table 6  The effect of different water and fertilizer treatments on nitrogen utilization efficiency

A e Lt CK2 FEBRE N AR N N FI % _ N fRFRHE ' N EEIE%B@ _
p OB Biomass Compared Nitrogen N uptake of Nitrogen Nitrogen agronomic  Nitrogen physiological
Treatment y (kg'hm’z) with CK2 con'lenl maizei2 u'li'lization efﬁcien?): efﬁcien?):
/% of maize/ % /(kg=hm~?) efficiency/ % /(kg kg™ ") /(kg kg™ ")

CK1 14694.0 -28.5 0.5339 78.5

CK2 20540.5 — 0.7121 146.3 35.4 12.3 34.8
AlBI 22237.7a 8.3 0.7662 170.4 40.8 12.1 29.7
AIB2 21787 .3abc 6.1 0.7565 164.8 45.1 16.2 36.0
AIB3 21460.5¢cd 4.5 0.7225 155.1 48.6 16.5 33.9
AlB4 20925 . Oef 1.9 0.7095 148.5 56.5 20.0 35.5
A2B1 21969.2ab 7.0 0.7663 168.3 39.9 11.3 28.2
A2B2 21522 .4bed 4.8 0.7325 157.7 41.4 15.4 37.2
A2B3 21025.3de 2.4 0.6885 144.8 42.1 15.6 37.0
A2B4 20906 . 8ef 1.8 0.6465 135.2 45.8 18.8 41.2
A3B1 20516.0f -0.1 0.7691 157.8 35.2 9.4 26.7
A3B2 20647 . 6ef 0.5 0.7342 151.6 38.2 12.9 33.7
A3B3 19956.0g -2.8 0.6645 132.6 34.4 12.6 36.5
A3B4 19282.9h -6.1 0.6588 127.0 39.2 14.3 36.5
A4B1 19298.6h -6.0 0.7452 143.8 29.0 8.0 27.5
A4B2 19852.0g -3.4 0.6692 132.8 28.4 10.9 38.4
A4B3 19311.6h -6.0 0.6456 124.7 29.3 10.7 36.7
A4B4 18705 .41 -8.9 0.5995 112.1 27.2 12.1 4.5

MG HLECRT L, BETE /K B I A R R 3 R
RACEROR R R A BRCRYIA P n, Wi 28 5
IMAR AR HRARAROR R A BRI
WEARS, [ — il ML A P B 5 B 4 i S0 AR P 3R Ak
SRR R A BRACR A B, A e 3 A A A
BRI SR R IR AR

3 PhieSghe

3.1 KEE— KR EN ER=ER T
TRAE A3 P OR 5 HK - IROL B DIAE O, K

I3 SR AEARL IR 3 B4 BRSO il 29 AR X SR
S AR SOR s i AE AR S E IR RAE K LR H
P RAR R IIBOK 53 FIFE 3 1 1 5982 (6], $2 08 7K 43 )
FHRCR G #K S B RE T BRI 2K 43 F R 43 1Y
ORI BRI ZK 4 0 37 20 T B i A 20 3 B2 2
KRR 50 R FH AR B, TRl it 2 4 s 7
Y100

AR B KR A4(1237.5 - hm™2) 42
FE A1(2250.0 m®-hm~2), Tk =5 117 682.2 kg
hm ™25 5] 8 640.7 ke hm ™2, 16 [F—#E K &, B2
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HESE KOS — PRI T TRE X oK 7 5 AR T A2 23

AL LG B1.B3 B4 34770k B & KF, Al K& S
B2 jifii AE i & 35 e i B oK P2 09 016.9 kg hm ™2,
ST AT 4 R — 8
3.2 KEB—KETEENEXRFHNEB RN

ARAE R X 5 KR 42 U0 7 A I e A
Wi, 7K A3 AR B A T A R DA 39 v iz i
RETRr SRR S AR R B, T3 i ke r
FG R P A R 12 R R b vt P R
AL 0 42 5 R AFRLEE 1T 0. 63% ~ 0.87% .
0.71% ~0.75%"3 AR 56 2 WA A [ HE /K 42 1 20 &
KFPRLER A . MK A4(1 237.5 w -
hm™2) #2255 A1(2 250.0 m’ - hm~2) , FERFFRE
JH 9.01% 325 5] 9.92% , #E 1710.01% ; 7] —
7K 2 it S 348 T A4 R KOk R R P T A A
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