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Effects of Different Irrigation and Fertilization Strategies on Yield
and Water Use Efficiency of Maize in Nile Delta
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Abstract; Traditional irrigation practices caused low maize water use efficiency, yield and income of
local farmers in Nile Delta of Egypt. To explore the optimal irrigation and fertilization strategies, the
effects of interactions between irrigation and fertilization on leaf area index ( LAI), aboveground dry
matter (ADM) , yield component, water use efficiency ( WUE ), economic yield and benefit of maize
were investigated. During the field experiments in two consecutive years (2012 and 2013) , there were
three irrigation modes (drip irrigation, bubble irrigation and traditional furrow irrigation, irrigation rates
were 80% , 70% of estimated evapotranspiration and local traditional irrigation quantity, respectively)
and two fertilization types (liquid organic fertilizer and chemical fertilizer). Six treatments were arranged

in a randomized complete block design, with four replicates for each treatment. The results showed that
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irrigation modes and fertilization types had significant effects on the LAI and ADM after the tasseling
stage, with the largest LAl and ADM in the treatment applied liquid organic fertilizer with drip irrigation
(OD). For the same fertilization type, bubble irrigation had higher impact on maize yield and WUE than
drip irrigation, and then followed by traditional furrow irrigation. For three irrigation modes, liquid
organic fertilizer increased maize yield by 18.6% ~24.4% and WUE by 18.7% ~ 23.4% compared
with chemical fertilizer. The treatment applied chemical fertilizer with bubble irrigation (CB) yielded the
highest average annual net benefit of 7373 Yuan/hm® , but there was no significant difference between the
treatments of CB and CF (applied chemical fertilizer with traditional furrow irrigation). In general, the
combination of bubble irrigation and chemical fertilizer can be recommended as the optimal irrigation and

fertilization strategy for maize production in Nile Delta, which will have a broad prospect for field

irrigation in Egypt.
Key words: Maize Bubble irrigation
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1.1 #HREHER

T 0 b A B AE B S T AP 3 T DR A A X A Y
E AL (30°37'N,32°15'E) , 4K i FE 29 19 m,
I IR T b A e R R ARG TR
B, RS BT MR, 24 B K B R 25 20 mm,
ERAEFTWAE X AR LE 1, {56 X+
HEA R N Vb + (B kL 64.2% HLED 23.6% | K W
10. 1% K4 2. 1% ) o A[a) 4 J2 3R B2 i 4 3 7 AL
il 2, LHERECR M TERAR I, I (HAR
50 cm .5 50 cm) #E 0 ~ 100 cm [ + 2 % F B+
(20 cm — BB ) &
1.2 BRARDEREAR

1 S 200 3L V8 R B AR 2 A A IE e K /N A0
K B B VE HE AR, S — Rl Ok Y M T 7R HE R
JK G 1 N TE A ) A A O A G A B R T
S 20 I, R A E K Ve B WE 2 A 22 R IR
50 em [ 34 Ak A5 (8] BE 0 M K 1 BEAT T SR
NI THE B R T A K E S e T R Y
KT o A B W KR B 2 Dy A ) g g )
133k 20 kPa By/K B o HH ) 9 E K 4 R G
EE E KB E 3 M. EEREBTE
T HUCTE b 3, R A H R E K, EE A
TS mm, FAE G R R 2 SR HE KT I — A%
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Tab.1 Monthly climatic data at Ismailia during growing seasons of maize in 2012 and 2013

Ui/ °C AR LR/ C R/ C S Y R0 8/
e 2012 4 2013 4 2012 4 2013 4 2012 4 2013 4 2012 4 2013 4
5 32.2 32.1 20.2 21.5 26.2 27.2 49.3 50.2
6 34.4 33.4 22.7 22.3 28.8 28.5 53.5 53.1
7 38.7 39.5 24.8 25.4 31.3 31.3 59.5 60. 7
8 37.5 37.7 24.2 24.8 30.5 31.7 62.3 62.4
9 33.6 34.0 22.6 23.5 27.5 28.5 60. 1 60. 3
®2 RERXLTEEBAMER
Tab.2 Soil physical and chemical properties of experimental field
LW, BHET/ EHERBLE KR/ % LB B G5/
om (grem™)  MIEAE  MEAAE i S8 (d5-m"1) ot
0~20 1.61 13.83 4.50 8. 12 0.55 0.55
20 ~40 1.67 13.97 4.69 8.05 0. 49 0. 44
40 ~ 60 1.71 14. 95 5.12 7.92 0.45 0.41 7w+
60 ~ 80 1.65 14.32 4.50 7. 64 0. 40 0.41
80 ~ 100 1.58 13.50 4.50 7.35 0.38 0.39

piN et

A1

U XA O

Fig. 1 Sketch of experiment area
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S EHUIE (C) MRS A PLIE(0)2 Fp, It 6 4~ Ab 2,
e d G, BN A4 REE, %
El-Hendawy % (8 55 W0 207 45 4 v 35 9 [ 4 b 22

By AR 56 FOKFIAE % 15 83 000 #k/hm®, 4%
B/NX K 18 m, 58 4 m, /NXEFL 72 m*, Bk R AT
B 40 em, #RFE 30 cm, ji% /)N X35 E AF ] BE 80 cm,
R JH— B 2 47 K 5 1% 58 10 9 DRI 5% 40 7
HEIX ZEHE 40 cm, BRBE 30 em, 255 20 cm, — {4 Fj i
PIAT £ oK,

AR A X 3 B E K (Gize Trihypried 352) ,
AEFEB120d 7245, A ORI 2 800°C , i F & A A HY
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Fig.2 Irrigation depth and time for each irrigation event in 2012 and 2013
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Tk LATFES A8 0 (3T 30 i 300 o S 00)) o
B E T 5.0% .10.9% 12.5% F1 7. 1% .9.2% .
8.3% ,5 OF Ab3 L%, OD 1 OB 4L 3K £ K LAI
TR T 6.0% .10.2% . 7.7% Fi
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W K LAT 4> 342 85 5.2% 4.4% f12.9% ,0B 1
CB A PR B 25 4 8 W oK LAT 73 54 4. 7% |
6.3% F15.8% ,0F [t CF 4B F &% 4 & ] 1 K LAI
AR 4.2% 5. 1% F1 4. 0% ;2013 4 OD [ CD
AEFRR B2 A B R OK LAT 430 $8 5 3.8% 7. 7%
f13.0% ,0B [t CB A F {45 4 & ] T K LAI 43
B4R 3.4% 7.8% F14.0% ,0F H. CF (b ¥ F &7

F3 2012 502013 FEARE A EX EXKMERIEH

HHIEK LAL 23 425 9.4% 5.7% F15.9% . 4y
Bres R W, D B AL F 3 R )y =0T, & A0 #1 R oK
PATIA LAT g RE/MKIK S B D F, Sl D B
W77 20T 1 LAT 22 5 8 8800, th KE/IMKRIK R D
B F(2012 =1y O Ab#EBRAN ), HEIK B LAT iy K 3]/
W& D B.F, [l AT, A UL (0) Lt Tt
HLAE (C) kb BT £ 2K LAL K,

9%

Tab.3 Effects of different treatments on LAI of maize in 2012 and 2013

A A T T RS 5/ (em? sem 7))

ek 2012 4 2013 4¢
Jiti A i 2 HE Wy =X AT il A HEH A AT il A TS
D 2.50" 4.36 3.41¢ 2. 62" 4,43 3.32%
C B 2.55" 4,29 3. 28" 2.67% 4,35 3.21%
F 2.38 3.93° 3.03% 2. 44" 4.01° 3.05°¢
D 2.63 4.56" 3.51% 2.72% 4.77° 3.42°
0 B 2.67° 4. 55" 3.47° 2.76" 4.69" 3,34
F 2.48" 4,13k 3. 15 2.67° 4. 24 3.23%
F{H
HEWE 5 = 7.10" 6.89 " 4.76* 3.71° 3.97" 9.70" *
Jife JES Fofr 24 19.11** 18.41" " 9.07 " 9.16" 11.28" " 7.57*
THEWE 5 =X it JIE A 2 4.97°¢ 4.67* 4.07* 0.11 5.06" 5.22"

T A SNVBUE R AR T R38R 22 5 3 (P <0.05) 5« Fon 2R 3, « « KR ZRWMEE, T,

2.1.2 A [ R it IE SR M X R OK b b AR W
(ADM) 5 il

Mo b A=y (ADM) ] RIS R 9 A 1S 20, 3%
HLADM 45 FORMIR LA B0, A58 oK B 25 A
BEAE . 2012 4FF0 2013 45 P 72 356 A A (] 9 18k e
TR FOK ADM UL 4, 4% b B ) 75 1 0] 8 2%

St HBCW I EORIEACE SR A, ADM 8 R
I G R AR AR S AR, ADM SR AR 2
AN ) FEE TR T RS SFE e XoF T R 4% A i ) (4T 0 Ak
Y HE S AN A ) 1) ADM. B RS ) A S AR
FSZ M2 2 25 (B 2013 AR P J0 i 10k 05 5o R 3%
552 ) 11 TR i JEL 1) 52 AR R i A1) o

R4 2012 F£502013 FREAEN EXKM EEYE (ADM) 300

Tab.4 Effects of different treatments on aboveground dry mass of maize in 2012 and 2013

FAAS AT AR/ (hm?)

i 2012 4F 2013 4F
JEAEFN S WD X Hi AT iRl I SR Hil) WA il 1 THE ) SR
D 0.10" 2.82° 9.61° 16. 86° 18.05" 0.11" 2. 86 9. 86 17. 82 18. 11"
C B 0.11° 2.91" 10. 05" 16.77" 17.87" 0.12° 2.99" 10. 26" 17. 67" 18. 06"
F 0.10% 2.65¢ 9.21¢ 16.34° 17.28 0.12° 2.71% 9.71% 17.03% 17.36"
D 0.10 3.02% 10.42**  17.65" 18.53" 0.11% 311 10. 38" 18.12° 18.51%
0 B 0.11° 3.06™ 10.57* 17.71* 18. 49* 0.12° 3.22° 10. 62* 17. 84" 18.25*
F 0. 10 2.88" 10. 04" 17.16" 17. 86" 0.11* 3.01" 10. 1354 17.49" 17,95
F{H
7 = 3.11 4.21* 6.26" 6.57" 5.61" 3.57 2.94 6.17"* 6.75" 5.94"
Jiti A Fih 0. 67 9.01" 9.08°  25.60"* 29.70"* 0.16 8.94" 6.93" 9.56" % 19.15"*
THE 7 20 it AT 28 2.38 3.75 " 3.98° 4.59" 3.79 " 2.86 1.31 3.76 " 5.15* 3.77°

5 CF Zb¥AH [ ,2012 4E CD #1 CB 40T £k
PRI CHlHE S E I A B ADM 43 i 4
T 6.4% . 4.3% .3.2% . 4.5% F1 9.8% .9.1% .
2.6% \3.4% ,0D F11 OB AL PFRAH L OF Ab ¥ Tk 4%

EE W OADM 4 M4 E T 4.9% . 3.8% .2.9% .
3.8% F16.3% 5.3% 3.2% 3.5% , 2013 4 CD #
CB Ab#AH L CF 403 TR 78 & £ F W) ADM 43 3
BET 5.5%.1.5% . 4.6% . 4.3% F1 10.3% .
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5.7% 3.8% .4.0% ,0D F1 OB g FEAH%: OF AL FE £
K ADM 4 B4R T 3.3% .2.5% 3.6% .3. 1% A
7.0% 4.8% .2.0% .1.7% , 2012 4F OD t, CD kb
PR B KA AR BT (3T 09 ol e B0 L R
1) ) ADM 4> B4R 85 T 7.1% .8.4% . 4.7% FI
2.7% ,0B [t CB Wb 3 73 I $E & T 5.2% .5.2% |
5.6% f13.5% ,0F [t CF AbFR 4> 4255 17 8.7%
9.0% .5.0% il 3. 4% ;2013 4 OD [t CD 4 ¥ R &
K& EFWH ADM 2 5147 T 8.7% . 5.3%
1.7% F12.2% ,0B [ CB AbFRAF 4R 55 1 7.7% .
3.5% .1.0% 1 1.1% ,OF [t CF Qb P4 5 #2557
11.1% 4.3% 2.7% 1 3.4% , s34 R %£0]1,D.B
HF3 P e 7 U, W SRR AR ADM Hy K F]
AMRUIE B D F, 2% 30 R0 #H AMD K E]
J& D B F(2012 4% O A BEBRAN , N B >D > F) ;A
o464 F, it A PUIE (O) Fojita TS HLIE (C) /Y 4b 3]
ADM ZI K,
2.2 AEERERREN=EMREZHNTIE
S AT 2012 4EFI 2013 AF EOK AR REORL
BORTE BT A5 A R R T R .
25 T LUE B OB BOR ORI R AR A% B R b

TR Rt S SR e %) AN ) T A B 5 2 S (TR R R B R R
S W) R R it A ) 52 B AR R 0 AR JB R Y S e R
Hh) o

2012 4, CD [t CF 4b 3 A K B8 K | RERBOR
TR A A T 10.3% 4. 3% F12.6% ,CB I
CF Ab B A TR FEA U 250 Bk 4 Bl 17
23.9% 6. 1% F14.7% ,0D H, OF 4B £ KK |
R BCFN B R B N 4R T 9.5% . 2.8% Al
1.6% , OB . OF Ah (% T KA R FIOR & L
AR T 26.8% 6.5% F12.8% , 2013 4%, CD
e CF Ab 3 ) R R B REOR A0 R BT 5 43 o) 48
BT 0.6% 2.4% f10.9% ,CB [ CF &b B (1) F >k
FRAC | BORL BN T ORL BT & o> i 4R R T 18.0%
6.6% F15.6% ,0D t OF kb B () E K B K | ks
B A kLT R T 5. 2% \2.6% F 1.2%
OB [t OF &b ¥ i) oK B | B kL 250 RN A KL BT & 43
W E T 27.7% 5.2% F 6. 1% , 4 Br 45 B 3%
WY, ASTRIE 8E 7 20T, B RC ORE B0OR B ORL T R Y
AR I AR — B, K E)MRIOE B.D F i
BUIE (C) gt TTHUIE (O) A Fl T E K 77 5 4 44 1L
RN

RS 2012 FM2013 FARPENERTEREMREZHZME

Tab.5 Analysis of variance summary for yield components of treatments for maize in 2012 and 2013

b ¥ 2012 4 2013 4E
Jiti A Fh 2 T =X K /em TR EL R/ g K /cm TR EL ORI/ g
D 17. 1 354. 8" 23,9 16. 8 351.2% 23.5%
C B 19.2" 361. 11 24, 4 19. 7" 365. 6" 24.6"
F 15.5°¢ 340. 2° 23.3" 16.7% 342.9* 23.3%
D 18. 4 371. 8" 25.8° 18.2" 395.9° 25.0"
0 B 21.3° 385.2" 26.1° 22.1° 406. 0" 26.2°
F 16. 8" 361.7" 25,4 17. 3¢ 386. 0™ 24, 7%
FAH
T 7 = 7.8" 1.1+ 1.2 3.8* 45" 2.1
Jiti N o 248 31.1% 41.3"* 10.4* 18.9** 40.0" " 6.3"
HEWE 7 =X < it AL A 2 3.3" 5.1° 0.6 1.4* 2.1°" 0.7

2.3 AREEBEERBNEXRTEMKSFAY

By 0pA|

3 hy A [] R T8 it A SR s o 0K 7 K K g A
MR (WUE) By 52, 2012 4270 2013 P 4F 18 90 245
SRR FEW 7 R S T 280 £ K 77 R WUE 32
i) 2, FLJit S A 266k 0K 7 5 WUE (19 52 i K T
EE 75 20,2012 4T 2013 ARt A HLIE (O) ALY oK
S R T HLAE (C) A B 19.4% F
22.9% ,2012 4EF1 2013 4t A HLIE (O) AL HE Y £ 2K
V¥ WUE Heii T HLAE (C) Ab PR AY & 19.3% A
22.5% o JEAEFR S AH [ A9 A [ E B 07 20 (DB F)

T, B M WUE g1 RE/MRR A B.D F, 1
RIS B oK 7 AT WUE 25 5 /ML PR 7 it
A HLIE B 1 Ge i vE (CF) Ab FE (2012 4 F11 2013 4§ CF
b 1 77 I WUE 435154 5 881 .6 076 kg 1 0. 73
0.75 kg/m’) , e KAM H BLAE it A HILIE (19 3 5% 40 9% 7
JE(OB) 4b 3 (2012 4EF0 2013 4E OB 4b B i 7 & A1
WUE 43512k 7 424 7 822 kg 1 1.38 1. 43 kg/m’) ,
PR A TR0 245 R AR bR AR Ak R B , 2013 4R A [a] i JE 5K
W& T 45 Ak B ) B OK 77 5 M WUE #& (&K 7 1% & F
2012 4 (2013 4E 04 Ab B = 5 2012 4F 4355 2. 0% ~
6.9% ,WUE L, 2012 4E32 55 1. 1% ~5.2% ),
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Fig.3 Effects of different treatments on yields and WUE of maize in 2012 and 2013

2.4 FREREERBEFIESH

2805 R A A BT 2 B VR R I SR e 1 4 1 T
B, o3 BT I B2 2545 25 1 45 T TR i NS 5 s 205 A b i R
M2 BR300 2R, A B Bt 220 K 1 15 7K 38 3% AL 238 3%
ARYARI AR Z I A R B R &3 B
R ts FAO A 25 5 (R 6) , MR Ny

Ne=Gy =T, (7)
X Ne—AR 5k 25, o6/hm’
Gy— R BALE , J6/hm’
T,——4 i %, J6/hm?

Horp 3050 5 S 9 P A 9 45V TR vt FES S s 1Y
FERE SR CEDHE I R G0 48 b 2%, 58 1 AR I A IR
T 22 5058 b B RN T2 45 T AT S s 2l P 4 e 2 AR
T 2 ol FH A B P 1) 45 4 o, T T R 0 Ol A PR 4
4 AETE TR AN I E R G T ) BT A2
JIE A S5 Ak JERE e, X050 0 1) 1) s 2, D R g A 11
RGeS B BN BRE AR AT 2 R
AN T s Al B AR N B K7™ 5 3 DL E K B
BB EAFAN N 1. 84 J0/ kg R F R 55 Ry A
M EHEEHZE,

3 6 ] LLE H,2012 4 F1 2013 4E 1 oK &
ts AR TR 2 SRS, S EREE, 5
CF 4 ¥ #f b, 2012 4 CD 4b 3 ) £ 3% 5 $2 &
2.4% F SRR T 33.5% ,CB Ab B B AL RS

RS M HLER 5. 8% F12. 1% ;5 OF AbFRAH H ,2012
FOD M BRI 1 1%, Bl s BT
38.8% ,0B Ab B BAL 25 AL 25 4 B2 = 5. 1% A
1.8% ., 2013 4,5 CF 4bPEAH L, CD 4b B A9 B AL 45
PR 1 1% 5k 25 FEAIR T 33. 8% ,CB AL B Y B 4K
LA AL SR B 5.9% M1 2.4% ;5 OF Zh#EAH L,
OD 4b F (¥ & 20 25 $2 5 2.4% , 50 45 R AK T
32.2% , OB b ¥ F 2% &5 . i 2 46 42 & 4. 9%
1.8% , 2012 4F OD [t CD AbFR = #2855 15. 7% , i
Mgk AR T 19.9%, OB Lk CB b 3 = & 2 &
16.2% 530 25 FEAK T 10. 7% , OF Lk CF 2b 3y &
P 16. 8% , 1 1 35 MK T 10. 4% ;2013 4F OD L
CD Kb PR 5 19. 6% , 4 25 FEAE T 1. 8% , 0B
I CB AbFE = L 55 17. 7% 5 35 PR T 4. 9%
OF tb CF Ab B 7= & & 7 18.5% , 3k 25 PR K T
4.2% o 5y HTas S AR W, it AE AR 25 A R Y 3 o T
(D.B.F) JralH, Bk B iE i KE/MKIRE B,
D .F, 530 a5 B R B/IMRIRE B OF Do AN [w] 3 B it
JE 5% Bg B, 4F ¥ B AL %R B K A 2 OB b
(14 040 J&/hm*) , /NPy 2 CF b ¥R (11 008 JC/hm’) |
APV R R B KA & CB AR FR (7 373 J6/hm?) |, fe /7l
[ OD Kh¥ (4353 Je/hm?) o [Al AP EE 7 X T, it
AHUIECO) AL PR TCHLIE (C) 4b HA R FH & &
K= AR 8 2 PR AR

R6 2012 FHM2013 FRFLETERNEFUESMN

Tab.6 Economic benefit analysis for different treatments of maize in 2012 and 2013 J5/hm’
poE: B B ey &
it AE b 2 THE 77 =X 4k 3% AL IR} 5% LY PN 2012 4 2013 4 2012 4 2013 4
D 3019 1685 403 1310 11 094 11309 4674 4 890
C B 1 007 1685 282 1310 11 462 11856 7176 7569
F 0 1685 503 1610 10 827 11189 7030 7391
D 3019 4529 403 1310 13 176 14 065 3899 4807
(0] B 1 007 4529 342 1310 13 672 14 408 6483 7 220
F 0 4529 503 1610 13011 13735 6369 7093

T B B A K G 8, B ST B K o, A K AT L 9%
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B ffiAs B A WUE B4, 45 40 0™ & iy & 2K
KK A& OB 0D ,OF .CB .CD CF, OB &b 3 [y 4 ¥4 7=
A OWUE feo@ (4% 9 F 7 624 kg/hm® Al
1.40 kg/m*) ,0D ALBEfY = Al WUE 3k 2, 53 51 K
7392 kg/hm® Fl 1.21 kg/m’ ), OF kb H j= & fi J&
%5 3,4 7263 keg/hm” ,WUE {3/ J& 45 3 19 J& CB &b 3§
(1.17 kg/m’) ,
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FRHIRIE OB 1 OF Ab 3 4R ¥ 88 25 e /N 2 A4k
FH L CD Fl OD,4»51 % 4 782 4 353 JG/hm’,

(4) T S5 40 3 3 R R i TS HLIE (BP CB b
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