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ABSTRACT

Irrigation water is considered a strategic agricultural resource, as it is a limited resource. In addition, water resources
are one of the most important components of agriculture and agricultural development in Egypt, so Egypt is interested
in maximizing the efficiency of water use. Due to the limited water resources, Egypt has moved to reduce the area of
rice, although it is a crop of economic importance in attracting foreign currency, and the farmer has the freedom to
choose the area planted with alternative crops that achieve the same return, and this area may be for a crop that
consumes large amounts of water such as corn and cotton, so it was necessary to identify the efficiency of using
alternative crops for water, and its reflection on optimal use. Therefore, this research aims to answer some questions:
When making a decision to reduce the area of rice, did farmers move to plant other crops that achieve the same return
without taking into account the amounts of water used? What is the efficiency of water use for alternative crops to
rice? What is the economic value of the irrigation water used Starting from 2018, the year in which the decision to
reduce the rice area was implemented. The area of maize decreased by a rate of 4.7% during (2013-2022), which
confirms that the farmer does not grow maize as an alternative crop to rice. As for the cotton crop, it increased, which
shows that the farmer has made the decision to grow cotton instead of the area of rice and cotton is more
economically efficient than maize in the use of irrigation water according to the net return index per water unit (1000
m3), which is estimated at about 2715 LE, while for maize it is about 1137 LE. The productivity of the water unit for
cotton was about 0.30 tons, while for maize it was about 0.9 tons. Also, the cotton crop is more efficient according to
the return index per LE from irrigation costs, as its average was about 9.7 LE, while the value of the same index for
maize was about 5.3 LE. It is recommended to increase the areas of maize and cotton cultivation in some Lower Egypt
governorates such as Dakahlia, Kafr EI-Sheikh, Menoufia, Sharkia, and Beheira due to the high production efficiency of
using irrigation water. It is also preferable to reduce the areas of maize and cotton cultivation in Upper Egypt
governorates, especially Aswan, Qena, and the New Valley governorates, due to the high-water requirements for
production and the low productivity per Feddan compared to the rest of the governorates of the Republic. The shadow
price of irrigation water for maize and cotton crops was estimated at about 215.1 and 248.3 LE / m3, respectively.
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Table 1. Water Balance For Egypt (2021/2022) Billion m3 / Year

Source Uses

2021/2022 % 2021/2022 %
Nile water 55.5 68.2 For Drinki 11.48 14.1
Deep groundwater 2.5 3.1 For Industry 5.52 6.8
Rains & Floods 1.3 1.6 For Agricultural 61.87 76.0
Desalination 0.38 0.5 Evaporation 2.5 3.1
Total Traditional WaterResources 59.68 73.3 Total uses of Water 81.37 100.0
Surface Groundwater 6.33 7.8
Reuse of wastewater 15.36 18.9
Non-Traditional WaterResources 21.69 26.7
Total Water Resources 81.37 100.0

Source: Ministry of Water Resources & Irrigation (2022).
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Table 2. Production and economic indicators of maize and cotton crops during the period(2022-2013)

Maize Cotton
Area Yield Prod. Farntgate Total Net Area Yield Prod. Farn‘jgate Total Net
Price Cost Return Price Cost Return
1000 Fed Ton/Fed 1000 Ton LE /Ardeb LE LE Fed 1000 Ton/Fed (Ton 1000) LE/.Q. M LE LE
2013 1,724 3.36 5788 314 4735 3038 287 0.88 253 1474 5626 2830
2014 1,718 3.32 5711 317 4927 2921 369 0.83 308
2015 1,741 3.16 5509 322 5268 2234 241 0.67 160 1245 5631 -
2016 1,542 3.26 5029 343 6638 1629 132 1.10 145 2711 10736 8333
2017 1,458 3.32 4840 406 7942 2050 217 1.19 258 2874 13491 8428
2018 1,489 3.19 4745 476 9063 2185 336 1.27 426 3018 14953 9555
2019 1,365 3.24 4418 457 9877 2903 239 1.17 281 3111 17010 6495
2020 1,406 3.31 4650 496 10699 3285 183 1.25 229 3135 17318 7944
2021 1,431 3.32 4745 582 13819 2977 238 1.28 305 4,895 20429 20172
2022 1,420 3.24 4598 1369 15822 18438 334 1.29 431 6304 24452 29143
average 1529 3.27 5003 508 8879 4166 258 1.09 280 3196 14405 11613
%(2013/2022) (17.7) (3.5) (20.6) 336.0 234.1 506.9 16.7 46.2 70.6 327.7 334.6 929.8

Source: compiled from MALR:Agricultural Economics Bulletin (2013-2022)
() Negative
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Table 3. Water used in the production of maize and cotton from the water used in agriculture and the summer season during
the period (2022-2013)

Prod. Water used (million m3) Per ton of water * Water used for the *Water used in | Water used for the Water used for
(1000 TON) (thousand m3) summer season agriculture % summer season % agriculture
Maize Cotton Maize Cotton Maize Cotton (million m3) (million m3) Maize Cotton Maize Cotton
2013 5788 253 5794 1096 1.00 4.34 22003 37817 26.3 5.0 15.3 2.9
2014 5711 308 6039 1327 1.01 3.56 23242 38257 24.9 4.7 15.1 29
2015 5509 160 6154 862 1.10 8.28 20647 36750 29.3 6.4 16.4 3.6
2016 5029 145 8042 328 1.22 5.97 25774 43659 23.9 3.3 14.1 2.0
2017 4840 258 8343 716 1.66 1.27 25925 41921 31.0 13 19.2 0.8
2018 4745 426 7444 989 1.76 1.68 20860 36450 40.0 3.4 22.9 2.0
2019 4418 281 7784 576 1.69 3.52 23533 40163 31.6 4.2 18.5 2.5
2020 4650 229 7512 565 1.67 2.52 22378 38420 34.8 2.6 20.3 1.5
2021 4745 305 7885 740 1.58 1.85 22217 38250 33.8 2.5 19.6 1.5
2022 4598 431 6700 1039 1.71 1.72 22231 37095 355 33 213 2.0
average 5003 280 7170 824 14 3.5 22881 38878 **30.7 **3.4 *18.1 *2

-Per ton of water = water needs / total production
* Quantities of used irrigation water for agriculture and summer crops According to Field Rations.
** Geometric mean

(2022) Agilall 3yl sall 5 (5l 3 it celian¥) g dalall Al 5 < yall leal) (4)
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Source: - capmas, Irrigation and Water Resources Bulletin (2022-2013).
- MALR:¢Agricultural Economics Bulletin .(2022-2013)
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Table 4. Economic indicators of irrigation efficiency for maize and cotton crops in Egypt during (2022 -2013)

Net return from the water unit (LE/1000 m3) Water unit productivity (tons) EGP return on irrigation costs (LE/fed)
maize cotton maize cotton maize cotton
2013 1016 723 1.1 0.23 7.4 7.1
2014 958 708 1.1 0.21 6.9 6.9
2015 744 702 1.1 0.16 4.9 6.7
2016 397 1704 0.8 0.22 3.1 13.4
2017 508 2302 0.8 0.33 3.2 8.6
2018 605 2964 0.9 0.39 2.8 8.7
2019 710 3041 0.8 0.55 3.1 4.6
2020 829 2272 0.8 0.36 3.0 6.4
2021 749 5818 0.8 0.37 2.5 12.2
2022 4836 8370 0.8 0.37 13.3 155
average 1137 2715 0.9 0.30 53 9.7

sl el [ sl ailall s = (321000/4umis) Aild) sasgll Sile e -
c AW el [ agladll dalu) = (oh) oluall Bang daly) -
O () IS [Jpamnall (ga ol dle il = (4xia) Ol ) RIS (e aval) e =

. s OUadlxs (Sgiums (Ao ladllg dwalid! 8yl ] guamea) (S bl pldsuiwd d-LioYl 8:aSUI 14

Te plisin] @3 oladlly dwelad! Bl Jgaxal Gl obe pldsuiwl § 8slaS I3 sae lladlxs el e ()il

domgiid] 36 (5) Jgir bl polaiwby 3sUSUl juuin) ddasd! doxapdl Byl U8 (DEAP) clldl calinll Jakoeil|

:3y8

Bl Uguame 5] (3 51 oo pldsuiss] § 8:S ST (2 pgandl (§ Gyl dxgl lladls O oy 1dnaliadl BydI -1

dxr ] cab WS ¢1.00 Jlg> 8l by G dudgdull dadloe (p 8:laS Glladlxe el COE Cus cdunlid)
<0.94 <0.95 Ulgz cyud 8:6Ss ddgrally Faddl 4aS aladls Loy ol 3p/0xS 1.14 Jlg> Jssamall
iy 85105 By dd I (gladlme (b @3 il e login M8 ols 3p/0S 1.08 «1.09 Jls> derlil
Ayall (blos e S 3L @3 . JIgdl e Logio JSU olbe 30/02:5'1.04 ¢1.05 Jlg> 4>k <0.90 0.91 Jls>
<0.97 <0.98 ¢1.01 Jlg> &>k <0.80 <0.85 ¢0.86 ¢0.88Jlg7x )8 dausgin 8:laSs ddelowl cdugdall
Gyl slus plascin] (3 8:S Gyl dxgll lladlme JB1 yuias x> § il e agin SN olae 3p/05 0.92
0.58 <0.71 L;‘ﬁ"’ a;olbl) 0.51 «0.61 J\}?L) C.A)Jé B;U:Sg BJ.QLBJb duxw) g 6\19_9\::.0 < a;wa.” 5)..\.” CL’U}’
Al e Logie DU sls 3p/ S

BliSs Bl Aladlove (2 Anelid) )1 ZUS] 3 5y oo plisil (3 851aS el O (s (Jrawg)l nan illadls e Lol

)8 BslaSs poudll cciga (g9 chaindl llablne (o JS 3B @3 cole 3p/pS 0.79 Uls> zlsk 0.69 Jlg= <)dd

Wl e lladlos Lol .l e pgio SN olae 3p/0S 0.66 <0.72 <0.74 Jls> zlsk 0.58 <0.63 <0.65 Jls>

567




Farag R. Egypt. J. Agric. Res., (2024) 102 (3) 560-572

a3l (glagw Oladlrs pind Eum duladl §I Jgame zUG] G Sy oleo plasoi] (§ 8:S J8T (p pgandl §
0.62 <0.64 <0.65 Jls> zl6L 0.54 <0.56 <0.57 Jlsm cdd 8:siSH )l olon pluseinl 3 el 85128 13 Lo gl
S ols 3p/0x5 0.51 Jls> Wk 0.44 <0.45 g €)dd G 85iS ST Ldg Ol gusd (aladlovs pindg .olo 3p/@S
Lo
o (ohdll Jguame zU] § Gyl ol pldsuin] (§ 8:aS 58T (2 pganll § Gyl dzgll lladlone pins iopladll -2
Jpamall L] caads WS ¢1.00 Jlg> 8:laSUl casds Gy dudgiall dadlxe (o 82108 Olladlxadl el 58
dls> &l 0.91 0.98 Jlsz cydd 8-Sy duyilly ddgdull ahadls g ¢ ol 3p/eS 0.48 Jls>
45 Awgdall cdilelow)l Bpzedly &dadl ladlre b @ . e lagio I oo 30/ 0.44 <0.47
0.36 ¢0.37 <0.37 <0.37 <0.41 Jls> sy &>k 0.74 <0.76 <0.77¢0.76 <0.85 Jlg> oy 8:laSs rpiad)
0.63Uls7 A8 G 35S S8V Gyl dxgll lladlons dpasnygy «ydiSudl (po S iy @3 wolue 3p/@xS
oles pluseinl (§ 8slaS el O (e (Jrwgll e lladlrs g Ll lagio X oo 3p/p02S 0.31 Jls> dxlily
0.31¢0.32 Jls> &zl 0.64 «0.65 Iz c)dd 8:aSH Cagan (09 poud)l 3ladlme (o ladll Zli] § 5yl
0.27 Jls> &b 0.56 Jlgmw )ud 51 el Aladloxe oo S 36 08 cea Al o lagho SN oo 3p/0S
Algz €)u8 815 (51 olae plisciul (§ 8268 I3 b gaunl Aladlovs pins Wall_sae ladlxs bl ol 3p/0xS
o Wall nan @lladlres (3 8:laS J8T duuanll (501 g)l dladlone piadg .ol 3p/0S 0.32 Jlg> &b 45k 0.66
Logio S ole 3p/025 0.19 Jlg> 4k 0.39 Jlgoe ©)ad
Jio ol dxgll Olladloe (ams (3 olally drelad] 8)dll dely) Oilolue 83L) Sy 4l Jgal oS Gasw Low
oak> Jaady WS .5yl olw plusiwy deabiYl 8:SU1 glasY el Basdl (ddadly ddgially fusdl a8y ddgdull
glasY el cdsdl Golglly Uy olgud willadlns diolsg Lall pae lladlxe (3 pladlly duelad! 8)A)1 l>lus
Clablbre 3l Llas a0l Lzl plasily 5l leys glayl J) ssa8 @iy zWW dslll olelasy)
4y 940l

Table 5. Production efficiency of irrigation water for maize and cotton crops at the governorate level for the average(2022-2018)

maize cotton
Efficiency | Irrigation watr Yield Yield m3 Efficiency | Irrigation water Yield Yield m3
(m3/fed) Ton/Fed | (kg/m3) (m3/fed) Ton/Fed | (kg/m3)
Dakahlia 1.00 3451 3.9 1.14 Menoufia 1.00 3149 1.53 0.48
Kafr | Sheikh 0.949 3.8 1.09 Dakahlia 0.978 1.49 0.47
Monofia 0.939 3.7 1.08 Gharbia 0.910 1.39 0.44
Shargia 0.914 3.6 1.05 Sharqia 0.847 1.29 0.41
Beheira 0.906 3.6 1.04 Beheira 0.767 1.17 0.37
Damietta 0.878 3.5 1.01 Ismailia 0.762 1.16 0.37
Gharbia 0.861 3.4 0.98 Qalubia 0.759 1.16 0.37
Qalubia 0.851 3. 0.97 Kafr El 0.741 1.13 0.36
Sheikh

Ismailia 0.800 3.2 0.92 Damietta 0.716 1.09 0.35
Alexandria 0.719 2.8 0.82 Alexandria 0.634 0.97 0.31
Suez 0.656 2.6 0.75 Port Said 0.631 0.96 0.31
Port Said 0.615 2.4 0.71 Fayoum 0.654 4141 1.31 0.32
Cairo 0.509 2.0 0.58 Beni Suef 0.649 1.30 0.31
Giza 0.691 4187 3.3 0.79 Minya 0.556 1.11 0.27
Minya 0.649 3.1 0.74 Assiut 0.664 4473 1.44 0.32
Beni Suef 0.630 3.0 0.72 Sohag 0.608 1.32 0.29
Fayoum 0.578 2.8 0.66 Nubaria 0.576 1.25 0.28
Sohag 0.572 4535 3.0 0.65 New Valley 0.387 0.84 0.19
Luxor 0.563 2.9 0.64

Assiut 0.543 2.8 0.62

Matrouh 0.478 2.5 0.55

New Valley 0.461 2.4 0.53

Aswan 0.447 2.3 0.51
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Qena 0.441 | 23 | o5 |

Source: - capmas, Irrigation and Water Resources Bulletin (2022-2013).
- MALR:¢Agricultural Economics Bulletin .(2022-2013)
- Results of data analysis using Deap program.
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Table 6. Regression coefficient estimates of Maize, Cotton (2001-2022)
Commodity Variable Coefficient Std. Error Tstat Pvalue
Maize (Constant) -32.814 9.704 -3.381 0030.
Lnc 2.786 1.122 2.484 0220.
Lnw 2.416 3470. 6.961 0000.
R Square 7380. F 26.739
Adjusted R 0.710 Sig. F 0.0000
Cotton (Constant) -11.028 8.142 -1.354 0.192
Lnc 3.287 0.864 3.803 0.0001
Lnw -0.820 0.239 -3.435 0.003
R Square 0.703 F 22.464
Adjusted R 0.672 Sig. F 0.000

Source: - compiled and calculated from : - capmas, Irrigation and Water Resources Bulletin, (2001-2022).

- MALR<Agricultural Economics Bulletin (2001-2022).
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Table 7. Equation of production functions and marginal product functions of Maize, Cotton commodities.

Information Function
Production Function YV =—-328 (2786 [y2.41e
e ay
aize Marginal Product Function — = 797 (2.786 |yy1416
ow
MPP 00.915
Output Price (LE/TON) 2351
VMP (LE/M3) 215.1
Production Function YV =-11.03 (3287 y-0.e20
aY
Marginal Product Function — =901 3287 182
Cotton W
MPP 0.0219
Output Price (LE/TON) 11336
VMP (LE/M3) 248.3

Source: calculated from Table (6).
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