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Comprehensive evaluation of water and nitrogen utilization of
waxy corn based on entropy weight TOPSIS model under
different water and fertilizer treatments

LI Ruofan', Ma Juanjuan', Sun Xihuan'?, Guo Xianghong', Duan Yong', Ren Qing'
(1. Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
2. Jinzhong University, Jinzhong, Shanxi 030600, China)

Abstract; In order to explore the effects of different fertilization methods, irrigation amount, and irrigation
times on plant height, leaf area index, yield and quality, water and nitrogen ( N) utilization rate of waxy corn in
different growth stages,Jinnuo 41 was used as material for a field experiment, two irrigation methods: I,( sowing
time: 75%6,~85%86,; seedling stage-prophase of jointing: 65%6,~75%6,; anaphase of jointing-booting stage :
70%0,~80%0,; booting stage-flowering stage: 70% 0, ~80%0, ) ; 1, (sowing time: 75% 0, ~85%0,; anaphase of
jointing-booting stage: 70%0,~80%6,) , three fertilization methods: F,(N, P, K base application), F,(N, K
base application 30% + jointing stage 30% topdressing + bellmouth stage topdressing 40% , P base application) ,
and F,(N, K base application 30% + bellmouth stage topdressing 70% , P base application) were used. The results
showed that compared with F, F,, and F, increased plant height by 2.86% ~4.29%, leaf area index by 6.47% ~
11.61%, fresh ear yield by 0.63% ~ 8.42%, water use efficiency by 6.41% ~ 21.34%, irrigation water use
efficiency by 1.94% ~21.88%, and agricultural efficiency of nitrogen fertilizer by 10.02% ~ 19.80%. The effect of
I,was more significant. Compared with I,, I increased fresh ear yield in F,, F,, and F, groups by 13.57%,
5.54% , and 8.59%, and increased grain yield by 16.14%, 2.77%, and 6.49% , respectively. Compared with I,
I, reduced irrigation amount by 29.55%, 37.02%, and 25.20%, reduced soil water consumption by 20.82%,
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22.01%, and 13.44% , and increased the water use efficiency by 11.50%, 33.31%, 17.57%, increase water use
efficiency by 4.09%, 18.69%, and 6.51% for F,,, F,, and F, groups, respectively. Therefore, F, I, treatment was

the best water and fertilizer management scheme in this experiment.

Keywords : waxy corn; fertilization methods; irrigation methods; water and nitrogen utilization ; entropy weight

TOPSIS evaluation
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R (mm) s AW i) WA ] 38K 2 4k
i (mm) . RIS 3R KK T 50 m,
ISR R B, U R D ¥ a] 2 ATt Hoks
Fok R AXRT .

ET=P+1-AW (3)

R2 2019 FEREKETHENE/mn
Table 2 Rainfall during the growth period of waxy corn in 2019

Hi ] POWW B~ ITAEN JTAEM ~ SR

PNy
Seedling Jointing Jointing ~ Flowering ~ Total
ota
stage stage flowering recovery
44.0 3.2 27.5 30.5 105.2

R 1 EENZEAEREEREKERLE

Table 1

Irrigation and fertilization treatments of waxy corn planted in double ridge and furrow with full film

K TS KE

Irrigation treatment Moisture content of soil

Fertilization treatments

JEHE AL J5 X

Fertilization methods

N K AE 4B 4E0E

F
EFNY 75%0,~85%0), 0 N K base application 100%
Sowing time s
B~ S HT 659%6,~75%6, N K ESERHE 309% +4K 15 WIEHE 30% +
Seedli hase of iointis : R CEE 40%
I eedling stage ~ prophase ol jointing F, N K fertili b lication 30% + iointine ti
0 e I ) ~ 2R 70%6,~80%6, K fertilizer base application 30% + jointing time
o 7. ’ 30% topdressing+trumpet mouth application 40%
Anaphase of jointing~ booting stage
PRI~ TFAEI 70%6,~ 80%6, N K 3£} 30% + KB 336 1 709%
Booting stage ~ flowering stage F, N K fertilizer base application 30% + trumpet
mouth application 70%
. N K 425 it
R 75%06,~85%0, 0 N .K base application 100%
Sowing time s
B ~ 60%0,~70%0, N.K HE%E@ 30%+3 17 WIB it 30%+
1B it 0
1 Seedling stage ~ prophase of jointing F, K fertili ZUI}M”A [—]l‘/iiﬂ{E}J%gg/o S
1 IS 1 ~ e 75%9fN85%0f N.K ferti lzer‘ ase application % + ]'omt'mg time
. . ’ 30% topdressing + trumpet mouth application 40%
Anaphase of jointing~ booting stage
P FBI ~THAER 50%6,~ 65%0) N K B3 30%+ KAWL L3 70%
Booting stage ~flowering stage F, N K fertilizer base application 30% + trumpet

mouth application 70%

6, M
Note: 6, is the field capacity.



114 TR XA BT

o538 &

IKAFIHBCE(WUE kg » mm ™" - hm ™) IEA
W U
WUE =Y/ET (4)
Hor Y kPRI i (kg - hm ™)

FEWE K A (IWUE kg - hm™ « mm™") 35
AR
IWUE=Y/I
1.4.5 HMHHARAREAAZE KA

AL PP A K — BRI 3 AR R 2R (BRI A
FUFPRL LA R R b 3853 ) RFARL 3 &R 4343 I,
it H,S0, - H,0, TH& >R A shall (e 2400 E
SEEE, REAKXY R,
TR SRR R = AU R T 5 x N XAEAR
B x AR S AR (5)
K on H ARSI LG = 25 28 B 2N / AR S A
WS x 100% (6)
RIERFRCRE(NAE) = (J A XS 8 - N
X R =) /iR (7)
REFHBE(NUE) = 775 / MRS A W (8)
HEEMRA: 72 17 ( PFP) = P / il & (9)
1.5 #HiE4bE
FIFH Excel #EAT5UHE & BRITVE R, SPSS #1748
T8, % Duncan #4722 51047,

2 ZERE5T

2.1 AREIZKBEALIE XFHE T K A KB R0

1 AR K B AL 3T R KT 2 bk v i 1
R BEA:- T W R 224k, F & 1 AT, A (R KoK
S AN N7 = O D O PN 1 5 OO P o =
4.3% 4.9% ,F 1, F,I, MLt F,I, 2051425 4.28% |
4.83% , A~ [} it JE 7K ST % K = K R 5 B G 0 A 2
S E M RIS 7 T, FoL,  FL L FL L A T
Fol, JF 1 F, 1 Bk & 78 B 42 & 1.98% . 2.50% .
-0.99% KT W E 4.81% 4.02% 4.25% , 5 FE 1
PR 4.11% . 3.41% 3.67% , I #2755 4.63% |
5.38% 3.62% ., LG RFE AT UCIE N K AT
DA 5 A1y 28 ARG FOK bR &, 2RI AE
P 2RI TURR AL B TR IR R R, >
F,>F,,I,>1,

NI HE Ak BT 85 K R 2 - i AR kR
PN F1,>F, 1 >F [, >F 1, >F,1 >F 1, AR KK
L F R L AR L B RS T T 4R
3.05% —4.22% , ¥ 1T AL = 5.88% . —7.13% , £ FE
PE1 3.64% .~5.96% , AT R 0.78% .0.83% 5 F 1, |
F,1 AHLE B L, TR BOOE 4R 5 4.54% \5.26%
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50 60 70 80 90

1B f5 K20 Days after sowing/d
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£ 2
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0 M !
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—»—TFJ, —A—F]I

—6—F]I,
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B 1 AEKBLETREERGKS HEARENEESHEHHL

Fig.1 Changes of plant height and leaf area index of waxy corn with growth period under

different water and fertilizer treatments
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IR BRI AE AN, Fo 1 Fo 1 F 1 F T
F,1, F,1, Bk St 9 43 50 31.4~50.4 31.4~50.4
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B350 0~41.8,0~45.2.0~41.3.0~43.4 .0~
42.9.0~44.6 d, 43 #7 ] F1AH At A 2K SR 1, 7K SF
AHE T, AT AR kG EORAE F iR 1.7~3.4 d, 4
i N N N i /A T A - O T
B, AT HRERRE FL F L F L F L F, L F,
- TR FHHE B 18G 11 43 5K 41.8 ~62.5 .45.2~64.1 .
41.3~62.3 43.4~63.9 42.9~63.1.44.6~64.3 d, 1k
4157 347 8 B 43 51K 0.156 0,161 ,0.154 ,0.156 .
0.160.0.161d™", AH ] jita AEAR 2R 1, 4L BEAH L 1, 4b
BEAT LR AR R AE B HERE 0.6~ 1.6 d, HHIRIHEK 4%
PR AR IE 7 2] A 7 FE AR 228 K, PR I
A 3 T LA A P ) 22 S AN A
2.2 AEKELEITEEKER SR

e 4 J AT K R Ah BT HE K ™= F B it B ) 5
M), AN [ 7K R Ah B A R OR R AR TR T i
S, AHFEMEK KT, L4 F, F, A0 F 3B K
5.08% .5.92% ,JEIMEEHL 11.41% .5.83% , 8 fin fif il
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R3 AREKELEBFEXRGS HEARETUNERNSHFESHBRBXGR

Table 3 Growth dynamic equation parameters and correlation points of plant height and leaf

area of waxy corn under different water and fertilizer treatments

TiH Item AbFH Treatment  a b k

2
R Ly t,

Fol, 215.676 292.701 0.139 0.991 31.401 40.881 50.362 7.490 6.567

Fol, 206.606 289.313 0.139 0.990 31.365 40.861 50.356 7.164 6.281

e Fi1, 226.640  247.452 0.132 0.995 31.695 41.647 51.599 7.498 6.574
Plant height Fi 1, 215.001 264.619 0.135 0.994 31.582 41.343 51.104 7.252 6.359
F,I, 223.401 333.246 0.141 0.989 31.925 41.285 50.645 7.858 6.890

F,I, 215.980  298.011 0.138 0.988 31.749 41.295 50.841 7.449 6.531

Foly 5.562 783.382 0.128 0.992 41.844 52.152 62.459 0.178 0.156

Fol, 5.265 2019.394 0.139 0.990 45.157 54.607 64.056 0.183 0.161

- T AR TS £ Fi 1 5.602 650.660 0.125 0.992 41.258 51.786 62.315 0.175 0.154
LAI F 1L 5.525 990.330 0.129 0.991 43.389 53.628 63.867 0.178 0.156
Fyly 5.606 988.769 0.130 0.992 42.883 53.006 63.128 0.182 0.160

F,1, 5.502 1443.758 0.134 0.991 44.606 54.466 64.326 0.184 0.161
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Table 4  Yield and quality of waxy corn treated with different water and fertilizer

Ab P T/ em vigon TR TR/ em HRTH/g SR (kg - hm?)  HEA/ % AR %
Treatment Ear length  Ear diameter ~Ear number  Tip length  100—grain dry weight  Fresh spike yield Crude protein Soluble sugar
Foly 17.73b 4.12b 511.28a 2.12a 10.45a 11753.37ab 10.33a 1.632¢
Fol, 17.80b 4.13b 511.82a 3.49a 9.50d 10348.37d 9.45h 2.705a
F 1, 18.63a 4.59a 551.81a 2.46a 10.66a 11844.56a 10.28a 2.405a
F.1, 17.52bc 4.39ab 509.79a 2.66a 10.36ab 11223.12be 10.19a 1.967bc
F, 1, 18.78a 4.36ab 517.03a 2.27a 10.09bc 11827.68a 10.01a 2.235ab
F,1, 17.10c 4.18b 500.04a 2.38a 9.8cd 10892.14cd 9.83ab 1.729¢

T RSN TR) T RER R b B ) 25 5 (2. (P<0.05) , I,

Note: Different letters in the same row indicate significant difference among treatments( P<0.05) , the same below.

x5 AREIKBAAEREERFEKERKSFAE

Table 5 Water consumption and water use efficiency of waxy corn treated with different water and fertilizer

o TREFELHRK I W K HGRKI Rkl o o
Treatment Irrigation amount ~ Soil water storage Soil water storage Soil water storage ~ Water consumption /(k ) /(K U hm?)
reatment /mm before sowing/mm after harvest/mm change/ mm /mm g mm m g mm m
Fyl, 232.939a 209.76 163.10 46.66a 384.80a 9.05¢ 14.96e
Fol, 179.813¢ 198.80 165.32 33.48b 318.49b 9.42b¢ 16.68¢
F 1, 236.32a 192.31 159.53 32.78bc 374.30a 9.63b 15.25d
F 1 172.469¢ 199.44 170.33 29.11c 306.78¢ 11.43a 20.33a
F,I, 206.08b 195.69 169.32 26.37c 337.65b 9.83b 16.11c
F,1, 164.606¢ 193.11 165.27 27.84c 297.65¢ 10.47ab 18.94b
*ko6o BERFESHER KSHEXREY
Table 6 Correlation coefficient of waxy corn yield with leaf area and plant height
15 § RS LAL ¥R Plant height/cm
Item 25d 40d 51d 70d 82d 25d 40d S51d 70d 82d
Beik i -0.544  0.928** 0.955*" 0.993"" 0.938" " -0.134 0.922** 0.887" 0.831" 0.769

Fresh ear yield

£ Note: * P<0.05, * = P<0.01,
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[0.939 0 0.613 1 0
0 0.155 0 0 1
_ 1 0.244 1 0.943 0.720
k= 0.585 1 0.415 0.841 0.312
0.989 0.328 0.959 0.636 0.562
10.363 0.597 0.210 0.432 0.090
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x7 ARKELEBEBFEERAZREREEZNA

Table 7  Nitrogen accumulation and utilization of waxy corn under different water and fertilizer treatments

AR R fE RAEIICA % R o N
p OB Nitrogen accumulation Nitrogen distribution rate AR R AN A7 1 AEWHE
Treatment - - - NAE/(kg - kg™')  PFP/(kg-kg')  NUE/(kg-kg™')
/ (kg « hm™) W Leaf 2 Stem  ¥PHL Grain
Foly 122.45a 26.77ab 34.62¢ 38.60ab 10.57b 65.30ab 0.68a
Fol, 103.16¢ 27.62a 35.37¢ 37.01c 8.18d 57.49¢ 0.57b
F, 1, 123.43a 22.93bc 37.63a 39.44a 12.08a 65.80a 0.69a
F.1, 106.43¢c 25.47b 36.31b 38.23b 9.8¢ 62.35b 0.59b
F,1, 114.72b 23.37¢ 37.72a 38.90ab 11.92a 65.71a 0.64a
F,1, 104.94¢ 25.35b 36.8ab 37.82bc 9.0cd 60.51b 0.58b
®8 IEMIERER
Table 8 Evaluation index system
HAr)Z HEN = E (s A kg ANt
Target layer Criterion level Index level Index description
#77 (B1) SEREBE(CL) A5 RE PR 1 S A B
High yield Fresh ear yield Fresh ear yield in different treatments
KRR (C2) AL BREAAAE K S I AE 2 R RRL =
& E KK A 3 ER(B2) WUE Grain yield per unit water consumption in different treatments
CE(A : - 2 . g \ e
JRILEA) g efficieney  gies iR (C3) R 7 R
Optimization of water . o T
e NAE Fresh yield produced by unit nitrogen application in different treatments
and fertilizer management
plan for waxy corn HEA (C4) AL PREROHLE A
L5 (B3) Crude protein Crude protein content of seeds in different treatments
High quality ATV PERE (CS) A5 AR FRAPRL AT P A

Soluble sugar

Soluble sugar content of seeds in different treatments
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