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Effects of irrigation and fertilization regulation on maize growth,
water and nutrient use of drip irrigation under plastic film
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Abstract: Aiming at the problem, too much fertilizer and low utilization rate of water in agricultural production
of FenHe irrigation areas, the effects of water and fertilizer supply on maize growth, dry matter, yield, IWUE and
PFP were assessed to provide a theoretical and experimental basis for the irrigation and fertilizer regulate of maize.
The field drip irrigation test was conducted in the water saving demonstration base of water conservancy and hydro-
power research institute in Shanxi Province. There were three irrigation levels (W, :60%ETc; W,:80%ETc; W, .
100%ETc(ETc is crop evapotranspiration) ) and three N=P,0,-K, O fertilizer levels (100-50-50, 170-75-75
and 240-100-100 kg - hm™; denoted as F,, F,, F,). The results showed that besides the components of yield,
the single factor of fertilization had statistically significant effects on each index. Plant height, leaf area index, dry

matter accumulation and yield increased with irrigation and fertilization. Water and fertilizer interaction had no sig-
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nificant effect on yield and irrigation water use efficiency. The ratio of grain of high water (W, ) treatment was 4%
higher than that of low water (W, ), and high fertilizer (F,) treatment was 4.64% higher than that of low fertilizer
(F,). The yield of W,F, treatment was 12 474.34 kg + hm™* and was 38.36% higher than that of W F, treatment.
W, F, treatment was 5.2% lower than W,F, treatment, but saved 528 m® - hm™ water and 120 kg + hm™” fertilizer.
The utilization efficiency of irrigation water decreased with the increase of irrigation amount, increased with fertilizer
application rate.The partial fertilizer productivity increased with irrigation amount, and decreased with the increase
of fertilizer. Yield irrigation water use efficiency of W,F, treatment was 5.61kg + m™> and was 18.9% higher than
W, F, treatment. Yield partial fertilizer productivity was 37.05 kg + kg™' and was 30.7% higher than W, F,

treatment. Considering high yield, water saving, fertilizer and high efficiency, 80%ETc irrigation amount and N-

P,0,-K,0 170-75-75 kg - hm™* fertilizer was the best irrigation and fertilization combination.

Keywords: maize; drip irrigation under mulch; water and fertilizer management; growth; yield;
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Fig.1 Effects of different water and fertilizer treatments
on maize plant height
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Table 1  Effects of different water and fertilizer treatments on LAl of maize
K e HATH i 22 14 TSR LA
Irrigation Fertilization Jointing stage Spinning stage Filling stage Milk—ripe stage

F, 1.25b 3.36e 3.00d 3.42a

W, F, 1.49b 3.75bc 3.32¢ 3.12abe

Fy 2.29ab 3.61cde 3.83a 2.79¢

F, 1.66ab 3.85abc 3.48bc 3.20ab

W, F, 1.73ab 3.90abc 3.70ab 3.38ab

Fs 2.31ab 4.01ab 3.60abc 3.04bc

F, 1.71ab 3.63cde 3.40bc 3.01bc

W, F, 2.07ab 3.73bed 3.34c 3.25abc

Fs 2.57a 4.11a 3.84a 3.09abc

F1{H F value
K Trrigation 0.07 4.90" 3.60 1.08
JiAE Fertilizer 5.78* 8.33" " 1711 497"
T K x

Irrig{e/fiztxz‘%i%lizer 1.07 5.96° 5.007 3.32

T PR T3R8 (P<0.05) B 257+ FoRZE R B (P<0.05) , * = FR 2R EE (P<0.01) , T,

Note: Different letters in the same column indicate significant difference; * mean significant difference, while * * mean much significant differ-

ence, the same as below.
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Fig.3 Effects of different water treatments on maize dry

matter partitioning of various organs
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Fig.4 Effects of different fertilizer treatments on maize dry

matter partitioning of various organs
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Table 2  Different treatments on dry matter translocation amount from vegetative organs to grain and the accumulation amount after spinning

Wk e CPERTORERT  wZaii e P % N —
Irrigation  Fertilization Wiz it o Wiz TR *]L*T,E Y R TTHRR GCRAS/ %
DTABS/ (kg - hm™) DTRBS/ % GCRBS/% PIAAS/ (kg » hm™)
F, 1126.78abc 18.87ab 14.41ab 6637.25d 85.59¢d
W, F, 1163.64abc 17.20abc 12.04abc 8248.64c 87.96hcd
Fy 1381.21ab 21.40ab 14.21ab 8330.64c 85.79cd
F, 1592.53a 23.02a 18.44a 6824.94d 81.56d
W, F, 370.35¢ 6.21d 3.56d 9846.26ab 96.45a
F, 1766.11a 24.50a 17.12a 8526.58bc 82.89d
F, 853.63abc 13.78abed 8.33bed 9340.00abc 91.67abe
W, F, 468.13bc 7.44cd 4.32cd 10276.21a 95.69ab
Fy 873.55abc 11.12bed 8.08bcd 9924.78ab 91.92abc
F{H F value
K Iigation  3.24 6.35* 7.07%* 18.20* 7.07*
Fjrﬁ::i)liEer 4.81" 7.50" 8.01" " 14317 8.01""
HEFKiEAL
Irrigationx 1.77 2.36 2.44 1.79 2.44

Fertilizer
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Table 3  Effects of different water and fertilizer treatments on yield and yield components of maize

. ) ) e KT/ E.

K A K /em T/ mm FeRK/em Eﬁfﬁﬁi 8 . THRLE & P4t/ (kg - hm™)
Lo e . Weight of ear Thousand grain :
Irrigation  Fertilization Ear length Ear diameter Bald long . . Yield

grain weight
F 18.92b 42.26cde 0.91b 178.43¢ 334.81c 9015.87¢
W, F, 20.32a 44.92ab 0.65b 216.94ab 369.64abc 10961.85ab
F, 20.56a 45.86a 0.81b 223.53a 377.38a 11294.43ab
F, 19.90ab 43.11be 1.71a 193.82bc 337.79b¢ 9793.31be
W, F, 20.07ab 42.95bed 0.90b 234.67a 384.47a 11857.26a
Fy 20.60a 41.53cde 1.12b 235.83a 348.51abe 11916.24a
F, 19.97ab 40.47de 0.63b 234.42a 349.88abc 11844.57a
W, F, 19.96ab 40.39 0.82b 246.85a 353.14abc 12473.04a
Fy 20.45a 39.73e 1.06b 246.87a 372.86ab 12474.34a
FA{H F value
ik 0.35 19.45" * 6.73"* 9.78* * 0.08 10.81°*
Irrigation
ECEHE 431" 0.73 2.38 11.12** 5.66 " 11.01"*
Fertilizer
7K it HE
TrrigationX 1.08 2.94* 3.06" 2.01 2.10 1.05
Fertilizer
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88.98% , LW 5= 1 PFP 43 3|5 43.43% .88.37% , #E

KRG A o B P b S A8 6 5 25K
3 W ®

B FR A /K AR 42 mT LAk 2 LK R AL, LAAE
e H B 5 AN 5 BHL % A R 5 i K 40 ol 1 ) A
BEARAESIR K 23 R o RIS . A WEFER it
RGN 5 oK - e B RO e E oK = A A
PBT SRR R U AR, H o o K st e
AT LAGE 2 PECAY A 1 T4 w8 0l A 3R 18 n v Ik
Fra L XA A e -8, EERE T
N RTE K AE AR A X BRI A A A K R B R Y
BFFE A F8E K R AE 2 AR A A — > B, 3K 3
BIEL , 225 4 R 7K it A 8, 23 %o A A 4l
VR, A5 2 1 I 9 A R JES ) 38 0 6 K R g
FPEEg I, I BeA 32 2], H R ] R A BT 58
KB AN T, AN b 3 T R K B I
i b 8 v B % 2 ki A ) RE A% I R RS
FEI A B KR i A o g, T oK AR R e B
) AR A2 A TG R R A 2 S RS
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FEARANGE A R], AW 5t 2 W] i 1 ARAE 5 A
T YIS e i w0y, H 22 KAk B i AR e
22 SR, T AR HO0 i I 5 O SURK R RE
e R A A R 2 WR M R I, A
TEACAKP T, W, A B AN 2R 7 300 i T AR e F R

T W W AR, S AT BB AE F, EIE KT, W,
SEFRAFAE K AT #0 ] T VEYIAR R A, DT s b
TR T W AP K e R T
RIX TR

T4 AEIKIELAEXTENK IWUE #1 PFP B340
Table 4 Effects of different water and fertilizer treatments on IWUE and PFP of maize

K Jiti e KPR EEMK R R Rk B R A= AR EEORR R AR IR AR
Trrigation Fertilization IWUE of yield// (kg + m™) PFP of yield/(kg - kg™') IWUE of biomass/ (kg + m™®) PFP of biomass/ (kg - kg™')
F, 5.69b 45.08b 11.10be 87.92a
W, F, 6.92a 34.26¢ 12.19ab 60.32bc
Fy 7.13a 25.67d 12.77a 45.96d
F, 4.64c 48.97b 8.80de 92.94a
W, F, 5.61b 37.05¢ 9.86cd 65.05b
Fy 5.64b 27.08d 10.09¢d 48.45d
F 4.49¢ 59.22a 7.40e 97.72a
W, F, 4.72c 38.98¢ 8.18¢ 67.49b
F, 4.73¢ 28.35d 8.87de 53.2¢cd
F{H F value
Irjfﬁ?on 4377 11.66™ " 6.98" " 5.12°
Fi{tﬁiiﬂzer 11.06* * 129.68 * * 46.63" " 156.04 " *
K <AL
IrrigationX 1.63 3.15" 0.07 0.10
Fertilizer

K AL B R T TR T R RiE R
KA 04 E W S R T 5T 43 C A
PR, BB AT o5 A B LU 13 SN LB AR E T
i FLZ T A, 2 BEOA AT B IS s e R
HRHDEAER R H T8, 556 E&
TR0 FERE | Wi A0 S AR P B B R E R
FERTFFARL ™ 5 (1) BT R R AE 78% ~ 84% Z 1], A HL )
R AT LU J5 30 T4 o3 1) K RL 9 3z, AT
PR R B G FR IR FN PR R R B
> AHEE SR oK A T T A BT
RN W, >W,>W il F,>F,>F, it 228 DI
I FIF o BB B A, T I DL R T S B 8
FLAIIHE R K, & U BT o L 5 50% , W
ARFRAN F AN ERRE A B B R 24 )5 R AR T
JEE A2 X KPR B DTRKRAE 81.56% ~96.45% | I% 4
FEHCET AL S 0w, o7 RE S R R Sy ar A AN 5T
TRt AT 5o P2 rh 48 T T 7K 3 28 | R A3 A AN B
G R RILFEEH SR,

TR AEALAE = 37 (PFP) J2: 52 4 b 1= HESL Atk 5% 4y
K FIARIE it FH 2 25 A 80 I B B 7 7= i | T E
IR FHASCR 2 DT — b 7K AT 45 B4 il X6V 4 ) 45
ZER M EEAERR A FE TS AL T 45
RGP R IEAHEE R 3= e — e

L DAY ot it 20k %) 8 o g 388 00 o ) A K Sk 1
T, it AT R R K R R Y AN
IS BAE XS T i i i . 3, TR A
KRS H /N P B R B3 s R 58N
IKEAE B X4 /NZE B B K B TE B s, A
FEEE TN A K I AE BAE I 7= a2 A S e AN B 3, X
AT fie 5 e JH RS R A4 22 A7 G, LV K R it S B[R] 2 %F
P IWUE 20 i3, H 5 7 &8 EAHC; IWUE Fifi
Jiti AL FEE 348 o0 348 5, PEP il 4 /K R 18 34 v, I K AR
N B A5 e v 7K 43 R FH AR (R e A1, ok
FEAE AU (8 R B SHE M /K R 25 ROF T, R 1 5
A=,

4 4 i

1) B mpe) L R A it A B R 28 0 L 454
P e 5 25 K M 32 AR FH R 7™ et R I 7K R 28
ESWiES AN

2) W, F Ab# bk ey AR B oK, T s
WK, R 2341 t - hm ™ BK(W,) FE AR (F,) 4k
BUFFRL A BC LU i B s, B S T AL 22 S 3 (P<
0.05) ; W, F, A B 22 J5 [l 4k 5 X FFhr o3k e 5 K
7 96.45% .,

3) TR /K 1) 2550 % i T K 344 Jon i ALK B e
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536 %

P34 0 e, HE R AR 7 07 A8 Ak 3 5 I AN TR
W, F ACBE = e KOl 12 474.34 kg - hm ™, W, F, &b
PRLE W, F AL B I 5.2% fH157K 528 m® + hm 2,
FTAE 120 kg - hm™>; W, F, 4b 2 7=y 0 K A FH AR
H5.61 kg - m”, PP EARACEHE 7 TR 37.05 kg -

kg%

SCERETE R K AR AR R £ 80% ETe
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