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Effect of Limited Irrigation and Nitrogen Rate on Radiation Utilization
Efficiency and Yield of Maize in Salinization Farmland

XU Zhao' SHI Haibin' LI Xianyue' TIAN Tong' FU Xiaojun® LI Zhengzhong’
(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China
2. Shahaoqu Irrigation Experimental Station, Jiefangzha Management Bureau of Hetao Irrigation District, Bayannur 015400, China)

Abstract: Radiation use efficiency (R,;) is critical for improving crop yield. The object was to explore
the influence of limited irrigation and nitrogen rates on the canopy light interception rate, R, and yield of
maize under border irrigation in salinization irrigation district and realize the efficient utilization of water
and nitrogen. A field experiment was conducted in Hetao Irrigation District ( HID). The experiment
referred to the local conventional irrigation and nitrogen amounts in HID, which had three irrigation
amounts (W1, 150 mm; W2, 225 mm; and W3, 300 mm, which was the local conventional irrigation
amount) and three nitrogen amounts (N1, 172.5 kg/hm’; N2, 258. 8 kg/hm’; and N3, 345 kg/hm’,
which was the local conventional nitrogen application amount) , meanwhile, interactive experiments were
carried out. The leaf area index (L,;), leaf inclination angle (M, ), photosynthetic active radiation and
biomass of maize were measured at the tasseling-filling stage, and soil water and salt contents and the
final yield were also measured at the same time. To investigate the mechanism of maize yields in

salinization farmland, the correlation analysis and path analysis methods were used. Main conclusions
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were as follows: the light interception rate ( F') of maize was significantly affected by irrigation at the
tasseling-filling stage in salinization farmland. At the same nitrogen application rate, the F of W3 and W2
levels were higher than that of W1 level, but the difference of F between W2 and W3 was not significant;
the R, of maize was significantly (P <0.05) affected by irrigation, nitrogen and interaction effects in
salinization farmland. Especially, at grain filling stage, R,, was increased with the increase of irrigation
and nitrogen rates, but the promotion of R, had inhibition growth effect when excessive irrigation or
nitrogen application was conducted. The R,, of maize was significantly improved with the moderate
reduction of irrigation and nitrogen application rate; maize yields were significantly (P <0.05) affected
by irrigation and nitrogen in salinization farmland. Moderately reducing irrigation volume and nitrogen
rate had no significant effect on maize yields. The yield of W2N2 treatment was 4.01% and 3.91%
higher than those of W3N3 and W3N2 treatments (P >0.05) , respectively; correlation analysis showed
that the yield was positively correlated with L,,, leaf area duration (L,,) and the light interception rate
(F) during filling stage. Path analysis showed that L,, had the greatest effect on yield mainly through L,
and F. The R, had the greatest direct contribution to yield and biomass accumulation, L,,, L,, and F
contributed indirectly to yield through R,,; compared with the rest of treatments, the conditions of soil
water and salt were obviously improved by W2N2 treatment at the late growth stage of maize in salinization
farmland, which was beneficial to promote the development of canopy and increase photosynthetic
productivity. The W2N2 treatment with small M, and large L, was beneficial to enhance the light
interception rate and area of photosynthesis during the late growth stage. Especially, at late grain filling
stage, the L, and L,, of W2N2 treatment were 7. 15% ~42.24% and 5.95% ~37.60% higher than the
rest of treatments, respectively, the decreasing rate of L,, was 37.35% and 53.49% lower than those of
W3N3 and W3N2 treatments, respectively, which can construct proper canopy structure, keep high
photosynthetic performance and increase biomass accumulation. Thus, W2N2 treatment was beneficial to
the improvement of R,,. The R, of W2N2 treatment was 18.61% ~ 66.93% higher than those of the
Finally, W2N2 treatment achieved the highest yield. In conclusion, the W2N2

treatment had the advantages of saving water and nitrogen, high yield and R, as a water and nitrogen

rest of treatments.

management mode, it was very suitable for maize planting in salinization farmland in HID.
Key words: corn; border irrigation ; salinization farmland ; limited irrigation and nitrogen rate ; radiation

utilization efficiency
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Tab.1 Design of amounts and dates of water and nitrogen application

HE K 2 %/ mm

Hi U/ (kg hm ~2)

R

i3 B TN TR A T o
(6H27H) (THAI0H)  (TH29H) " GH2 1) (TH0my e
WIN1 50 50 50 150 86. 25 86. 25 172.5
W2N1 75 75 75 225 86. 25 86. 25 172.5
W3N1 100 100 100 300 86. 25 86. 25 172.5
WIN2 50 50 50 150 129. 40 129. 40 258.8
W2N2 75 75 75 225 129. 40 129. 40 258.8
W3N2 100 100 100 300 129. 40 129. 40 258.8
WI1N3 50 50 50 150 172. 50 172. 50 345.0
W2N3 75 75 75 225 172.50 172. 50 345.0
W3N3 100 100 100 300 172.50 172.50 345.0




284 & Ml

U

2018 4

1.3.2 i AR B AR
FORMEGEE 10 ~ 15 d BOREDI 72 1 U T AR
FHh AWy i, S A B K F AL I AT 3 R R
Ko Mg s M B LS, B RE RS = TR A 1E
105°C #9388 K4 46 b A% 7 30 min, 8 J5 70°C T +
fo 2 1 B I BRR B T B
1.3.3 JEH
6 e B A R R 2o i T BRUOR /N B AR A
PERY A PG b, OO/ E R RO T 0 7 B BE
PV T N v
Ly,=(L, +L,,)(t,-¢,)/2 (1)
A L, ——EWREAEAH, (m*-d)/m®
Loy Ly —Ti0 J5 5 ¢ DU € 1 - T AR 4 %,
m’/m’
£y bRl PO E I 1], d
1.3.4 M
W ST S AP 0 2 5 K P T R I o R Ak P
Ve A F ALY A1 3 bk oK, 78 )G AR I s 32 25 /0
AN]SR S 2R ) A e
L, I R 0 A% R B Ry 0 Y R R
ity

Z (ML)

e

L My, —EW 2P mif, (°)
M i —55 ¢ MR A, ()
L, —%55 i Ko i n i AL, m?
L,—Ha#k 2 i AL, m?

1.3.5 7= a7 o i AR R R B

TR T, TR A /N K AR 14T B AR T FE A
20 H , B SO 2 A 7, O 43 S A R R R R I
ot SRIGIRA S BEHLE 1 000 L, I K7 kL T
B, A3 U U,

1.3.6 LA ARG (PAR)

S WANG % R 247 sE 0 ik 78 K
KAR T W K JG R AccuPAR LP — 80 7 5 2 {X
(Decagon Devices, Pullman, 3& [E ) | & 7 JZ T
30 cm R HEB AT PAR, B 10 ~ 15 d BE £ B KA
M I I ] g 11:00—13:00°2°" S0 7 /N X
Tl BT, A S K
1.3.7  AGF KPR 5

K F LL—200SA 7 BH B8 G 15 Ik % 22 52
52 TS A R PSR SS, & 1 h it — k.

1.3.8 M FKAE

FE I H 22 B R K A I A E A 2 ~

5.dI 1 CHL T KA o KT BRI WU T K

My, = (2)

PEER, X 1,01 mo AR K S 3 (i e 30— i gk
1) R KRR, 1,59 m,
1.4 HEFH&E

K R R
W='3 (7.4,0/10) (3)

A W——F K, mm
y— i R AT, g/ em’
d—5% 1 2 TE)EE em
0, —"5% i J2 LI E KR, %
JEHARER F 3R] Beer s #1550

F=[1-exp( —kL,)] x100% (4)
1.
o k= -t (5)

Aft PR, %
k{6 R
L, —— I B 4

I YEW) 56 J2 % 38 1 O A A &R B o
MJ/(m’+s)

1,——VEW5eE )2 TR 14 06 & A 80 % 5 5 B
MJ/(m’-s)

JCBER FIZ R 2 % HAMZET 261 Fi it s 45
(i 7 1, B B B A 2 5 B RS % DANSO
U D5 ¥, 5 % MONTEITH 267 B 55 i,
H BB R BA B 5 B — 2 Ot A SR S, Bkt
=N/N W

R,, =AW/, (6)

n

;H\:EFI Lo = 2 (QiFXO‘S) (7)

X Ry,,—— T KGREFI AR, g/ M)
AW——Z By Be b3 ) RBUR  g/m”
L —— B BOG A A 2058 St i, M)/m?
Q,— & H K MH A4, MJ/m’
o ok A M 1 58 2o Btk R FOAREE 7 A 13 HOA
7 H 26 H 2 WilE BRI ORI R F R
#8 A5 H.8H15HFS A 26 H 3 il FHsk
o
1.5 HESH
SR Excel #3050 F0 ), R SPSS 17. 0 4K
PRIEAT J5 22 53 WY FUAH 6 40 B, 2 L8R A LSD
o WA HRTTH RS WSk (28 ],

2 HRE5SMW

2.1 KREREMLE N LFA ST DB R IT
SHEKEAR D R YR R 1 R T AOL A A
FARETT ARV A [R] K AL BEXT - HE K ER PR R 5 )



5 12 3]

TRAE 4 AR R I 25 X R B AL AR £ K RE A 5 7™ i 1 52 R 285

Ay i — 2598 KOG RE R FHFE AR dR it — 2 A HL e
R

AN KA AL FEAE 0 ~ 60 ¢cm Fl 60 ~ 100 cm +
JZ2 K A Ak ad BRI B 2a IR 2b fif s . dl
M, @K h A AL B (W3N2) 7E 0 ~ 60 em + 2K
rH FE R ROH R A B OE W m 15.45% ~
39.40% , KA AL FE(W2N2) 7E 60 ~ 100 cm
FJRK I FE R AL R (B 75 W3N2 2R
AN ) B EH 15.71% ~43.94% . WK AT

310 230

O 2 kR LK AL (W3N3)  W2N2 7E 0 ~
60 cm 2K EMREREFS THRLH(P <
0.05) 1M W2N2 i% + )2 /K 43 14 #E i 5 W3N3 i
FW N 14.62% 5K HE K G 2 WH, W2N2
£ 60 ~ 100 cm + JZ 7K 43 14 #E it i K, B R AL
BB T 5 WIN2 2R RB %) B E8MNT
14.24% ~53.34% , 18 W3N3 =2 F| FH 0 ~
60 cm ¥ 2 + K 4>, 0 W2N2 W] AR BE T E K
X G2 K S R A

12

—a=— W2NI
—o—— WIN2

1.0}

3 FS(dS  m ™)
j=4

0.6}

0.5 L

——WINI —a—W2NI1 —— WINI
—a—W3NI1 ————WIN2 —a—— W3N1
280+ —o—W2N2 —a—W3N2 510
£ L
£ 250 ool
il
% 220+
5 170
£
%ﬁ 190
160 L 150
130 L 1 1 1 1
06-26 07-10 07-24 08-07 08-21 09-04

H
(a) 0~60 em+ EAgK &

130 . . . .
06-26 07-10 07-24 08-07 0821 09-04
H H A

(b) 60~100 em-+ /K &

06-06 06-2107-06 07-21 08-0508-20 09-04

(¢) 0~100 em+JZ2HL 38

CERENTPS PR E PSS TP LIRS TR E LY

Fig.2  Dynamics of soil water condition and soil electrical conductivity in maize growth stage in 2016
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Tab.2 Analysis of variance and means comparison for light interception rate, leaf area duration of maize and influencing

factors during tasseling-filling stage

s il e — 8 2 ) EipR ] I ik 3 O G s WG H
I T B B M /() AR % k= % ((m*-d)-m~?) ((m?*-d)-m~?)
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Tab.3 Analysis of variance and means comparison for
biomass accumulation and R, of maize during

tasseling-filling stage
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VR R S 2 R W i SR R, (P < 0.05)
T, AR RV E P 2 JE L, WP 2063 /M,
BEMT W2 W3, W2 5 W3 LR&ExER. EiE
BN WL 3] W2 oK R, F 33 K 3.68% , 1 A
W2 F| W3 0S4 ) 8. 28 % |, 3% il B 4 AT fiE 4 A
g W2 B W3 R A Y SRR RN 8. 54 % T
AE AR K R B W3 [ AK 0.46% , T B A %5 &
Rypo

Jitl 280 408, 2 S W il VSR Y R, (P < 0.05)
FE A, AH )t T3 5 o, N2 N3 ok
FIARERES T NILLN2 5 N3 LREFER, £
ST, AH R HE R K, R B Tt S0 O 1S 25
1 FE U R A [ it AT 245 R A NT ] N2
Fok R, 1K 34.78% 1 N N2 F| N3 | 5F- 3
B/ 12.37% 3 TS PR MU 0 N3 I 3 R T
TR SR, CA VR RS S EBORRE ik
BRIIFEAR

KR AE H AR TR il A —E SR R, 5w
P45 K R 38 T A 3, il M ) W3N2 [ R, B
FIHARAIE(P <0.05) , J5 [N A BE 2 W3N2 76 il b
FIIE Ly /8 (479, WL 3) , H L7 32 30V ) ek
J2 Ly S . RiEEY e E L FHE R 5.0, 1tk
fif ] DL Al M A SR A M A b
W3N2 7 7] 5 KAk i 2 48 A 5 5 565 10 [ bsf s 20 T
SRR 390 2 I K S T AE T L G R R A A
B 17 it SR AT AR R 020 - S R R Kl
TEF S AR K. WAN2 ZEED] 0 ~ 60 em + )2
IO TEFE R AR AL FEBE N 15.45% ~39.40% , X
WL 7 WIN2 FEh b 0 A i . W3N2 75 fift e
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WMERTERZNAEDE, REBAREN R, #
I Ry 1 09 W2N2 40 B B M A K AL HE

—o— WINI1

I 18.61% ~ 66.93% (P <0.05), H v &
W3N3 #2175 44.30% ,
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Fig.3 Dynamic changes of L,, during tasseling-filling stage
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2.4 ARKEFHTTEMTENRER

U 4 Fr o, T B S5 R W A A
AR (BRUCRAE RO o 1l % 355 e ™ B AR W) B
TORL A TR WA AR i RECR B R R R B WA B
KR S EAE 5 R e TR R T X A A8 A
Wi AN S5 o R T 8 T T, K ™ e e L 0

R LB B . 75 W3 il W1 KF R, N3 FI N2
AP T N1, N3 55 N2 T 35 22 s £ W2
KA N2 PR R T N3 A NT . AH [ UK
ST, WLEg 7 e MR R R ORL B R T W2 R
W3, L, R — A&, W7 g KT W3,
W2 Ry Js PR BB R OB BB R D
ESTRADA-CAMPUZANO %5 B 5% & 3, AS [6] K 43
FAF R /NZE P AR AL T A TR R R AT
3K, 7K a3 5 i S 2 el B TG FRORERE SR, 3K 5 AR 3
WFFE 45 AR

R4 FERFEMREZRFESWMHELE

Tab.4 Analysis of variance and means comparison for yield and yield components

PLg. pedg/(kgehm ™) R4/ (kgohm ™?) WO AE B % PR LB TR/ g
WINI1 7055. 48 15229. 6" 46. 3" 456" 246. 7"
W2N1 8 831. 6" 17 862.7** 49, 44 5534 246. 1%
W3NI1 8283.5" 16 999. 6** 48. 74" 566" 237. 948
WIN2 7 890. 6"* 16 314. 5" 48. 4™ 489" 244, 58
W2N2 9384. 3" 19 287. 3 48.7* 572°A 258. 0%
W3N2 9 030. 8 20 128. 4 44,98 5914 241.2"
WI1N3 7754. 5" 16 434. 6" 472" 438°A 271. 4*A
W2N3 8 616. 3" 18 711. 1*4 46. 0™ 52204 249. 9"
W3N3 9022. 8" 17 613. 0*4® 51,2 608 230. 8"
K 54.077 " 10. 872 * 0.235 23.825* 49.539 "
it 4 12.194 ™ 4.756" 0. 187 1.359 7.198 **
WE K X it L 2.539 0. 943 1. 826 0.952 23.166 "

Mk 4 AT LLEN, & KEW™ & E WIN2
(20 128.4 kg/hm®) , H: ¥k J& W2N2 (19 287.3 kg/hm’ ),
/N WINL(15229. 6 kg/hm*) , W3N2 W2N2
) 22 S AN 2 o OB EE B0 A 45 31, W3N2 [y il
AR B/ (44.9% ), & 3 /N T W2N2 (P <
0.05), W = & 0 #r Al A, W2N2 7 & & K
(9384.3 kg/hm” ), W2N2 % W3N3 K W3N2 ## j=
4.01% .3.91% , 2% 5 K i %, WINL 7= & % /b
(7055.4 kg/hm®) . L5454y Hr ol LA ) W2N2 7=
S SR K D R R R BT i A W3NS ) i
(P<0.05),

2.5 FEINEZWMEZSH

K5 RAFRERELERERGETER"ES
R FEKE  LEB SR L, A ERE DL
B AR R, 1Y FH & BT FNE AR S Br. AL
KSAHL P ESHERBIW L, JeE % IR
FEKEREEFEMK, L, 5™ &R EK
(R=0.929),

eSS LR EZERERBTUE S,
2 PR X 7= 1 2 W I e R BN/IN R Ry JEA B
R FEKE LR SR L, YR,
o™ 5 B R AR 4 (Rl 2 1R R AT LB ), FEUK
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Tab.5 Correlation analysis and path analysis between yield of maize and influence factors during filling stage

3¢ fisARE  ERWAR [HEESTUREE 3
B34 B X, X, X3 Xy Xs Xs X5

X, 0.709 " 0.018 0. 004 -0.693 -0.795 0. 839 0. 897 0. 440
X, -0.629 0. 007 0. 009 0.713 0.619 -0.789 -0.921 -0.266
X3 0.929 ™ -0.989 0.013 -0.005 -0.847 1.249 1. 068 0. 440
X, 0. 487 -2.589 0. 006 -0.002 -0.323 0.416 0.282 2.697
Xs 0.927™ 1.261 0.012 -0.004 -0.979 -0.855 1.027 0.464
X 0.909 ™ 1. 151 0.014 -0.006 -0.917 -0.634 1.125 0.176
X; 0.335 2.747 0.003 -0.001 -0.158 -2.543 0.213 0.074

e XX Xy Xy X Xg X 05 2R HE SR B P #E 7K 4 0 ~ 100 em 134 - 3 r & 58 0181 BRLAE 20 AR 1) RBUR DG 35 OB R FDG REF

I OGRS  E STEkER OR,  0.897 &
Sers T R GE g Ly, X7 R STRK Ok, Ol 0. 713,
L, JEHEARR (R o0 5 8 3 A Heoxd 7 Y 5T Bk R
K,k 1,249 1.125 .0.213, A Y B & E T
Ry, X 7= 1 STk B K, O 2,697 0 D& Sl i o
ARARS B STk RO, 1. 027

i LA BB AT AR B R 08 7 B SRR
R e He DGR R X Y L TR, AR
Py E PR L, JEE BRDEEHR YW T R X 7
AR TTRRER K o Ll 36 A 3 OB R Ry, Xt
7R Y [B] 1 DR o 45 A TRT B AH OG0 B 45 1) 45
TR BT, Ly Z T LA 7 4 52 Wi Aok, 32 22 1)
Bl LG B OLEARM R, W VE IR BN

3 tig
3.1 ERAERE X B AR Bk R E R
VeV e J2= 45K BT ik A 42 52 W K FHDOE B 5

VB 1 LB B R AL R Y AR R 9 ot K U
F8 R 42 ok 303 R 05 Ak AR FH K B BREE, 9E T 52 0 K
IR A o TS DX SR A R B a0
AR AN TR 2 B UE 1R RT LA 5 4 R E
BEVE, H B AT 3 W9 A K A0 0108 2 02 T
BRI R AR R AR AR T R K R X
PRI A RIAR PR 2K NE BT T B 3 DX K8 IE P
FARERER IR, EFHE ™ oo kW, IR F K it
FEE L NH, NOS JE A7 7E T 3 vp A 4 iR
AT, BRI AE R P i TR R W2 R R
IS I AR 24 T 40 R 0 3 e AT LA AR
FEAR LR & o P LRI AT YA 1 A 2R AT K
RUE BN At 3 R Y R ) K R0 AT G R
S T A R ARPL R e A R A D38 4F X
AR A AT E J2 S T S T B Y R

GAO %5 fff g 6 W , 16 Tl 25 98 X 0ol D HE /K it
A TR TR R T K R . AR

B, 7R Eh i fb A H B OK E R BV K 5 23R, W2N2
AEFE 60 ~ 100 em 4 JZ 7K 40T FE it B K, B v b B
(BT 5 WIN2 Z5 A 0%E) BERNT 14.24% ~
53.34% B AT HE T B KRR 2 K S iR
X5 GAO %V HRou s — 5, M eEgRT BhR &
IR NR] — ER 5 A0 AR - 1 S SRR ) i 2 it L A 1 3
MK o X5 A58 45 B A0 0L, A A 3E E 7K F & 3
A A H R KAl e — 8 00+ S R I B i
SRR BB B K A B SE P W2N2 g Ay 4k B
(BT W3NL W2Nl 2% A B %) BERKT E
KA VESR I R SR, RO R A
2 BIEBE A L, RRFEZ R R0, W2N2
T L 5 S8 A B 5 B U6 R0 AE X B/ TR R S
AR L, AT LA R 1] 2 kU AR 4 %
B0 W3N2 4Bl FHE K E A L FE e A A K
BECNME TEM ZE B RE K, S B 1 HHEZ 128
Bt Py KW R ROk BT R R E
FEFE EE Bt it S %) B g g . ROk, W2N2 7
s B OR A K JE I 4 g8 K B R B0 W] B, A LR
W3N1 W2NI1 jifi F1 8 22 i /I8, AT £ B A 4 s 1%
GVE BT 5 1) & F AR, Ul B IS R A 4R K 1
W2N2 38 T3 mifb A 1 £ oKk A K JE B 38K 4R
K FE5 RO, A A K T A B 5 )2 45 4 1 TE i
R = G A M RE A AR RS AL T A R SR
3.2 EEMHEESENBRERUREEREEEHN

=)

JeE 2 A5 1 AR 22 R AR M R L RE A .
T RR i B 0 A 2 A R ) G B e )2 A A Y
PEEERR . AR KB, AR H E K L, 7E
— Y08 A I 5 G R A A T S i
AN ERE L, PR AEREERAGTEZA R
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W3N3 Joi 35 2 5. W2N2 [ i A e /Dy, 2 2/
FHAKEAFE(BR 75 W3N3 W2N1 22 5% A i
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W2N2 HA7 ) el J2 45 0 5 58K i ok 1o R 48 4k,
5 2 45 4 BE N A L A AR gk O BEEE TR
GARDNER %" §F 58 ik oy, 1 9 45 2 K B Ot
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F AR EER T Hi, 2SR e R e
BOR A — B R T 7 i 2 i O AR T
ok, A M TR A HOGEE R SR, AR,
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YED) A T 10 G 38 R0 el )25 45 ) R A s
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W2N2 JEH I WOt & A R AL B 5 5. 95% ~
37.60% T 5 W3N3 W2N1 253 R B %, B Ek
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PR TAEKEBOEAEM AR, EK T e
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Fig.4 Effects of different water and nitrogen treatments

on leaf area duration of maize at late grain filling stage
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