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Effects of supplemental irrigation at critical fertility
periods on yield and water and nitrogen utilization
of spring maize in northern Shaanxi Province
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Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To clarify the effects of supplemental irrigation during key growth stages on spring maize yield and
the utilization efficiency of water and nitrogen, this study aimed to determine an optimal irrigation amount that en-
sures water-saving, nitrogen-saving, and yield stability in the arid regions of northern Shaanxi. Using the spring
maize variety ‘ Yudan 896’ under drip irrigation beneath plastic mulch, five supplemental irrigation levels were

set;: 0 mm (I0), 75 mm (I1), 150 mm (12), 225 mm (I3), and 300 mm (14), all with a nitrogen application
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rate of 240 kg - hm™. A local conventional practice with full irrigation of 300 mm and nitrogen application of 300
kg - hm™ served as the control (CK). The effects of different irrigation levels on plant growth, chlorophyll content
(SPAD) , aboveground dry matter accumulation, yield, and water and nitrogen use efficiencies were investigated.
The results showed that under the same nitrogen input, supplemental irrigation during key growth stages
significantly promoted plant height, stem diameter, leaf area index, and SPAD values, increasing by 5.63% ~
24.56% , 4.44% ~17.68% , 11.73% ~35.55% , and 2.32% ~29.38% , respectively. In 2023 and 2024, the maxi-
mum aboveground dry matter accumulation occurred in the I3 and 14 treatments, respectively, with the rapid accu-
mulation period extended by 1~8 days and 4~12 days compared to other treatments. Grain yield and nitrogen par-
tial factor productivity ( NPFP) increased with the irrigation amount, peaking at I3 in 2023 (11 076.34 kg - hm™
and 51.80 kg - kg™') and at 14 in 2024 (12 156.95 kg - hm™* and 50.65 kg - kg™') , though no significant differ-
ences were observed between I3 and 14 (P>0.05). Water use efficiency ( WUE) showed a trend of first increasing
and then decreasing with increasing irrigation. The highest WUE was observed under 13 treatment, with 30.29 kg -
hm™ - d”" in 2023 and 28.06 kg + hm™>

tropy weight method was applied to calculate the weight of each indicator and to conduct a comprehensive evalua-

- d”" in 2024. Considering both yield and resource use efficiency, the en-

tion. The treatment rankings were CK>I13>14>12>11>10. However, I3 treatment outperformed CK in terms of
average WUE and NPFP over the two years, increasing by 3.81% and 5.77% , respectively. Given the region’ s se-
vere water scarcity and the high economic cost of CK, the CK treatment does not align with the study’s goals of wa-
ter— and nitrogen-saving with high yield. Therefore, the I3 treatment — with 225 mm irrigation and 240 kg - hm™
nitrogen application — is recommended as the optimal water-efficient management practice for spring maize produc-
tion in northern Shaanxi.

Keywords: spring maize; supplemental irrigation amount; dry matter accumulation; yield; water-nitrogen
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Table 1 Experimental program of nitrogen supplemental irrigation for different treatments
fbm M AR B M H N S it R
Fertility period of nitrogen Irrigation date Irrigation amount ~ Nitrogen supply
Treatment S -2
supplemental irrigation (m=d) /mm / (kg + hm™)

14 J.B.H.F 06-22;07-02;07-16;07-27;08-12;08-21;08-30 300 240

13 J.B.H.F 06-22;07-02;07-16;07-27;08-12;08-21;08-30 225 240

12 J.B.H.F 06-22;07-02;07-16;07-27;08-12;08-21;08-30 150 240

11 J.B.H.F 06-22;07-02;07-16;07-27;08-12;08-21;08-30 75 240

0 JB.H.F 06-22;07-02;07-16;07-27;0812;08-21,;08-30 0 240

CK SJB.HFM 06-10;06-22;07-02;07-09;07-16;07-27; 200 300

08-12;08-21;08-30;09-07

{:8.J. B HF M 205 AR i 30T 343 10 DRl W o 409 il R RN

Note: S, J, B.H, F, and M represents the seedling stage, jointing stage, belltop stage, heading stage, filling stage, and maturity stage, respectively.
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Fig.3 Spring maize plant height, stem diameter and leaf area index for different treatments
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Fig.4 Trends of SPAD values of plant leaves for different treatments
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Fig.5 Logistic fitting curves of dry matter for aboveground dry matter accumulation of spring corn for different treatments
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LEEAT VM . R FER TR X AN 6 4~ 4b

Y P2 WUE T NPFP = N8 AR 0E4T 20 H (36

5). R 1,23 F M5 TJ7 22 BT R 40 5

95.48% .3.31% . 1.21% , B R )5 2 5T #k K 7 5 R

95.48% 98.80% . 100% , #EHUE 1 A~ £ 43 nl 8%

BAEPRIZEE R (P<0.01) , &40 PR 255 P
LNERECH -

7 = 0.9548y, (18)

y, = 0.5779x, + 0.5714x, + 0.5826x, (19)

X, Z RGBSy, N1 FMS00 . %,

2, Fxy A3 AL ELXS N = i \WUE Fl NPFP =A~
FRbRbR AL B

K25 AL BRFE AR 19 HE AT A5 AL AL 3 I (A HE A
R PEE SR FHEA (R 6) . Lt T
TR HIZE & HEA T AR I A CK>13>14>12>11 >
10, 13 784 CK Ab P3[4 16.46% , {H &1k
AT 13 A FERAE WUE 1 NPFP 43558 CK b3
SEHIHEN 3.819% F1 5.77% , H. CK Ab B /K B 45 45 371 22
TR, S5 6 bR TR B N K B AR 13
ZITEDL, B E AN i 13 VR SR AL 3

K2 FARELEEERM EBTFYRRRE Logistic RESH

Table 2 Parameters of logistic model for dry matter accumulation in the upper part of spring corn field for different treatments

A A3 Vi max T/d T,/d T5/d AT/d R?
Year Treatment /(kg + hm_z) / (kg - hm™2 - d™")
13 20027 409.71 74 90 106 32 0.975
2 15983 340.44 69 84 100 31 0.994
2023 I 11439 286.48 59 72 85 26 0.956
10 7412 202.71 54 66 78 24 0.999
CK 22690 463.05 72 88 104 32 0.945
14 21153 402.69 72 89 107 35 0.960
13 20961 516.20 65 78 91 27 0.949
2004 12 14337 306.17 68 83 98 31 0.975
11 8870 234.79 56 68 81 25 0.997
10 6487 187.05 52 63 74 23 0.990
CK 23267 432.82 72 90 107 35 0.988

TE LY, SRR B 71, DB R FRIT AR I TR] 5 72, de R SR FPUHUR O I i 5 73, Rl SR BRSS SR I 8] 3 AT, PR R B LRI Il 5 v, oK 3R TR

Note; Y,

cumulation end time; AT, rapid accumulation duration; V,

max

max

maximum accumulation rate.

R3 AEMEKRETRLEBEER"EREBEER

Table 3 Spring corn yield and components of each treatment under different levels of supplemental irrigation

maximum accumulation; T'1, rapid accumulation start time; 72, the time corresponding to maximum accumulation rate; T3, rapid ac-

A ISty Rk %%*ﬂ a%%*f/:;ﬁ/*f/: R *ﬂf\‘fiffﬁ
Year Treatment Ear length Ear diameter Number of kernels 100-kernel Grain yield
/cm /mm per ear weight/g /(kg + hm™2)
13 17.2+0.05ab 59.4+2.07b 479.9+12.52a 32.5+0.24h 11076.342219.67b
2 16.8+0.05b 50.8+0.52¢ 408.3+1.45b 30.8+0.19¢ 8579.10£13.11¢
2023 1 14.120.14¢ 44.2+1.29d 277.6+7.41c 29.9+0.33¢ 5617.31+93.16d
10 12.7£0.30d 37.70.42¢ 112.0£16.76d 26.10.17d 1072.00+131.22¢
CK 18.620.09a 63.3+1.46a 515.6+5.89a 36.3+0.09a 13826.02+12.94a
14 17.87£0.11b 58.0+0.54b 574.4+6.79b 35.5+0.27¢ 12156.95+20.52b
13 17.65+0.12b 58.3+1.67b 553.5+8.79hc 38.3+0.03b 11949.79+222.05b
2 15.72£0.12¢ 52.7+0.49¢ 501.1£9.00¢ 34.220.10d 8769.86+63.91¢
2024 1 13.43x0.22d 49.0+0.50d 426.9£3.11d 32.220.11e 6563.43+79.40d
10 11.85£0.17¢ 37.7£0.42¢ 321.6+5.28¢ 29.8+0.33f 2361.36£66.22¢
CK 18.85£0.13a 59.6+1.20a 592.4+5.05a 38.8+0.23a 13748.74+101.46a

TE : [RIAS [F] T B3R AN [ AR PR ) 22 53 i 2 (P <0.05) , R I,

Note : Different letters in the same column indicate significant differences between treatments (P<0.05).

The same below.
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Table 4 Water and nitrogen use efficiency of spring corn under different levels of supplemental irrigation

o fb %HEQ _ it S FEKE IR A3 F IR TEWEAKF IR RICw A7
Year Treatment Irrigation Nitrogen supply ET WUE IWUE NPFP
/mm /(kg + hm™?) /mm /(kg-hm™ +mm™) /(kg-hm™ - mm™") /(kg - kg™h)
13 225 240 432.73 28.73+1.18a 55.25+0.98¢ 51.80+0.92a
12 150 240 366.10 23.43+0.11b 57.19+0.09b 35.75+0.05¢
2023 11 75 240 303.34 18.52+0.92¢ 74.90+1.24a 23.41+0.39d
10 0 240 226.65 4.73+1.74d 4.47+0.55e
CK 300 300 486.70 28.41+0.08a 46.09+0.04d 46.00+0.04b
14 300 240 522.06 23.29+0.12bc 40.52+0.07e 50.65+0.09a
13 225 240 435.90 27.41+1.53a 53.11+£0.99¢ 49.79+0.93a
2004 2 150 240 367.21 23.88+0.52¢ 58.47+0.43b 36.54+0.27¢
11 75 240 282.75 23.21+0.84¢ 87.51+1.06a 27.35+0.33d
10 0 240 217.40 10.86+0.91d 9.84+0.28e
CK 300 300 534.16 25.74+0.57ab 45.83+0.34d 45.83+0.34b
x5 2023 02024 FEFZALEFE WUE F1 NPFP .
39 i

Table 5 Yields, WUE, and NPFP of each
treatment in 2023 and 2024

[ s KRR B
\
L ) Yield WUE NPFP
Treatment  Year > > 0 o
/(kg - hm™)/(kg * hm™ - mm™) /(kg - kg™ )
14 2024 12156.95 23.29 50.65
13 2023 11076.34 28.73 51.80
13 2024 11949.79 2741 49.79
12 2023 8579.10 2343 35.75
12 2024 8769.86 23.88 36.54
I 2023 5617.31 18.52 2341
I 2024 6563.43 2321 27.35
10 2023 1072.00 4.73 447
10 2024 2361.36 10.86 9.84
CK 2023 13826.02 28.41 46.00
CK 2024 13748.74 25.74 45.83
x6 ETPCARELETHEERNSHSE
Table 6 PCA-based composite scores and
rankings for different treatments
g S A 4EL JZ¥N
4bm AEY BN 1?})" SR ZNE ﬂFff
Comprehensive  Average Comprehensive
Treatment  Year .
score score ranking
14 2024 1.09 1.09 3
13 2023 1.38
1.36 2
13 2024 1.33
12 2023 0.15
0.19 4
12 2024 0.23
I 2023 -0.99
-0.70 5
11 2024 -0.40
10 2023 -3.20
-2.80 6
10 2024 -2.41
CK 2023 1.51
1.41 1
CK 2024 1.30

3.1 XBAEFTHMEMNEERERK HEFEEEM

i EEBF 4 R R A

SPAD {E# 2 T R AEAE R B 28 2 19 AH
SR SRR K R Y AR R
B R, BETSZ ) SPAD B, /i R X K e )2 it
FESE & B, A8 22 301)5 , o e 2 R R
BERMDCEERE S . ARBFSE R, i A SPAD
T RAE Y BAE T e, RIVREAE - K HE BT A -
(F 4)  fe/ME BRI -, 33X v] 66 i TR 7 B
T E I R RES A 2 00, B R BB BE R
R, M HE— 25 (12 0 R R I 3 B A B 5 T
A R A RE RS P Ak R A, R
SPAD fEA /N MG R T, 3+ R g
A R R PR P B R R A SPAD Y AR
G, AR RN HE R ANHE AL BRI SPAD fH 5 %
PE1 4.26% ~39.38% , [RIAF, 44t v it L ekt R A A 4
& SPAD AV R, AW b, CK 4 14 A B )
SPAD fH 5 T 3.03% ~6.35%, KL, 78 [ [H)38 56
EHLR P R SR A R R M R T £ A 2
JERE FR I S 2 A, R B ] R
FEBI F SPAD {E PR R X AT LASESE i ) 5
IR 76 )2 R R 3 i B AR, SRmi o T4
AR R 20 T L SRk B 4 R
X PR AL I8 T Bt — AT SR IR A 5%

PR R R I TR S B (LAT) 2 R AR A
FARDE By LRI bR , SR T o R YA
5K, BRI = A ZE A RE A% Sy 4 o 4R 4 R Y
it 725 (6] I8 55 R bR e )2 4540, 4R LAT B Rk
R LA BV MG IR AR B8 1 B S AR A, B
Y LA ety A 228000 2 A6 hk, 42 &t
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BRCE DR SRR T R R ARG,
AHIA A T, B 4 A A T oK bR &
MIHFEEE A 102 R M B A5 18 K F K I AR K B
B HER T T i SR R AR A I35 hn T ek 2
FREREE AT 1] 200 5 T ZML R LAT 20 5 5518 K5 s/
FEATR FEFH I A R 2 W )5 03 TR, X ] B A
AMEARHE T E ORI AL IS T4 50 N ZEFF ) A 5 A
HERAE ) EFEANE R T R R IR A
PR HEFEORZSHH TN LAT A 3E N, 3 J2 R Ay 2o i it 60 %
R R A SZBHNE] BEAR T AKX 7KL By 5z g )
FH BT AR T AR ZERLAN LA1Y | R, Ak &
EHAT DR S E A K R 2 450 R T
L 2R, AW L RME LB 2023 4EFT 2024
AES3 N AE 13 F1 14 A PRALARATEE R AR &5 250 LAT
ATy B 13 FI 14 4b B OR T4 I A&
AT R T 25.30% ~ 170.20% F10.92%
~226.08% , PR RFRFFLLIT [H]) 43 HIRER T 1~8 d il
4~12 d,

3.2 XELEFHIENEEKFZZE,WUE 1 NPFP

EpA!

AR GRS T, B AE K & RS B 2 52 &
FoKEE A WUE'™ |, Xia 20 W R0 fEAE Y
FEAESHFNE S I AD | 7 5 A AU R R340 ) 4
5 20.1%F1 52.4% , k2SR I AEME AR
HI#MHE 75 mm FIfEAEY) WUE $#£F+ 20.30%, Hu
SRR Y S B, A TR D B U R S0 kg -
hmfz( B 300 kg - hm 28 & 250 kg - hmfz)ﬁ%%r%’]
TYEW =& NPFP F WUE, ABF5EH DAkt & &
T, BRI NPFP BfAME A3 v fin, 2023
AEFN 2024 4F 43 WIAE 13 F1 14 A0 BRI B B K, R b
TEAL BR 43 1) 2 55 424.00% ~ 933.24% F1 423.71% ~
1058.84% , H AR Ak it 0 ( FH 300 kg - hm ™3 & 240
kg « hm ™) 125 Tk NPFP #4755 10.52% , X 7] fig
Sl TANFERE RS T K RO AR E T R
X6 A K E Ao IR SR 2 T v T e A R
FHURD i ot 42 i 2R 0 4 s RN et e i AR A
NPFP, BtAh, i 5 1 E 2 K KR Ve 4 WUE™
ARG, WUE BEHMFE 5 (%3G g B A%, 2023 47 il
2024 4F WUE ¥J7F 13 Zb AL A BB K, 55 14 kb PR
15 17.69% , H.W & 8] 7= 5 F1 NPFP JC i 522 5% (P
>0.05) , F& T 3 BSR4 B i 6 AN [ b 38 ] oK 7
it \WUE Fl NPFP AT L85 TF 4T 4, KONHEIF R
CK>I3>14>12>11>10, H4k CK AL HAS A f iy, (H
PeALANE R T 13 A B4R WUE R NPFP 43 il 5%
CK AbHSF- Y380 3.819% M1 5.77% , % JE& 24 #h /K BE i

HERE =, CK AR BRAE Jy 24 M b 3 it 50 1T 1) A7 B
it , AFFE A FE AT L & 19 H AR, BT LR
VEFEILAANEAL B 13 AR TS s UL B, i TAS
WFFE B B AN 7 3 5 R | T 5 50+ T BE
LIRS VS FE A 3 30 AR 7K, AT 52 ) i 28 114
TRACRE TR, BEAF Y R W A7 A 22 57, N T
AR IR 22 57 ] BE 2 (U0 45 R R A+ 1
A FT 22 5, R N ] 52 B i 4R AR A e R 1 Ak
HINHE KV 5 2R — A T ()RR PR T 90T

4 %5 b

1) A )t /05 R, k| Z50RL i T R A
SPAD Al -3 4y o 2k 347 I e o 444 o o 1 K
2023 4EF 2024 4E 43 7 13 F1 14 Kb PR 3k ) 5 K
{H, (P Ab 3 (0] 22 50 S 3 (B 25 Ao i AL 4R
£0) ;1 H 13 F1 14 A0 B PR SRR 2L (] 5 e
W IER T 1~8 d Ml 4~12 d,

2) AH [ it 2 & T, A AR R TR OK T i A
NPFP 2023 4EH1 2024 5553 BIAE 13 F1 14 A0 P A3 i
HAG, P48 314 11 076.34 kg + hm 21 12 156.95 kg

- hm™ ; NPFP 4354 51.80 kg « kg™ F1 50.65 kg -
kg™ HPIALFR ] 22 520K 3% (P>0.05) ; WUE Fifi b
T I G I 2 S RS BRI #2023 FiT 2024 4F
PIAE 13 AR ik Bl A KA, 4428 28.07 kg + hm™

. mm_zO

3) LA 7 7 i K R A50R  #E E
Jith 28 E A 7, R FH 32 B A3 AT i X % R A R
TP, JEX & A B AT 256 PEAN 4T 43, A R Ak 28
83 A CK>I3>14>12>11510, S84k CK AbFEAS
Iy 8 13 AFRFAE WUE F1 NPFP 535148 CK 4b
PRSP A1 3.81% F1 5.77% , 7% F& 3 >4 Hb 7K %8 UL
FEEZ , CK A BAE 2 AR K HAFRF A 17K
AR SE B R 2R B UL AL A b 3 13
FARTGEI A ALBE R B, $E 7 AN B 225 mm Al
Jiti & R 240 kg + hm > Pt F KT K AL SR A
P A A PR R

2 % X k.
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