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Abstract: Four field experiments were carried out from December 2004 to December 2006) in sandy soil

of new reclaimed area in National Research Center Experimental farm "El-Bostan region" to investigate

economic impacts of producing and storing of  three onion cultivars (Giza 20, El-Behairy and Supper X),

irrigated by three irrigation regimes (Total seasonal amount of irrigation 1211.449, 1524.312 and 1817.174

M3 /Fadden [4200 m2]) for two growing seasons. The combined analysis of field experiments results,

proved the superiority of El-Behairy cultivar and high irrigation regime, in concern of net return, revenue

/ cost ratio calculated for bulb yield before storage. On other hand, Supper X cultivar and low irrigation

regime, were the best in concern of water use efficiency as kg bulb / m . However, Supper X cultivar and3

medium irrigation regime, recorded the highest additional economic value LE/m  of irrigation water. 3

After storing the marketable bulb for six months the results revealed that, the highest values of storage

ability, marketable stored yield, total revenue, net return and revenue / cost ratio, were recorded by El-

Behairy cultivar and medium irrigation regime. Generally, it could be concluded that regarding to irrigation

regime, the optimal irrigation treatment for best yielding, storage ability and most economic indicators of

onion for El-Bostan region, might be 1524.312 M3 /Fadden, with Giza 20 and. El-Behairy cultivars, but

the  high  irrigation  regime  "1817.174 M3 /Fadden" is the recommended for Supper X cultivar.

Regarding to cultivars, El-Behairy cultivar seemed to be the recommended cultivar for El-Bostan region,

since it was the superior cultivar especially for storage ability. Also its recommended to sell all production

of Supper X cultivar before storage where its economic indicators decreased during storing in comparison

with other cultivars. 
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INTRODUCTION

Egypt is a water-stressed country where water
availability is an important limitation to economic and
social development, and will become even more so in
the future if this inadequate resource is not managed
successfully. In order to manage this insufficient supply
of water, we need to investigate its economic value, in
particular the secondary revenue of water for all
cultivated crops.  As it is well known, using estimating
models in calculating ET crop and drip irrigation
system are the best ways to increase the productivity
of both area unit and cubic meter "water use
efficiency" of irrigation water specially in sandy soil of
new reclaimed regions, whereas, irrigation water and
costs are the most important limitation factor more than
other agriculture practices . In recent time, increasing[1 ,7 ]

the exporting windows, saving irrigation water and
increasing water use efficiency (WUE) are national
targets in order to increase agriculture vertical and
horizontal expansion.

Onion is considered one of the most important

vegetable crops in Egypt. It is almost, becomes in third

order among vegetable crops as for total cultivated area

after tomatoes and potatoes. Also, onion is one of the

most important exportable crops in Egypt EL-Shraif, ,[8]

where the annual onion exportation value during 2002-

2005 was 311,000 ton with return value of 30.3 million

US$ Agric. Econ. Inst.   Moreover the average[9]

Egyptian annual consumption from onion is about 12.5

kg/person, which mean that, the total Egyptian

consumption around million tons/year. So, the

cultivated area of onion was increased from 1968 to

2004 by about 235%  .[10]

Onion cultivars diversity in Egypt is very narrow.

Whereas, only 4 cultivars are using in almost onion

cultivated areas. Meanwhile, The local onion cultivars

are good enough regarding to their adaptability for

local condition and bulb quality requested by consumer

Glala  et  al.,   and . Because of sever damage by [6 ,7] [7]
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those mentioned diseases a lot of discussion and

research were carried out and suggested that sever

infection due to cultivar susceptibility in combination

with water management and crop rotation , Galbiatti[11 ,1 2 ]

et al.,  Glala  reported that, good irrigation[13] [3 ,6 ,7]

practices improve onion yield, quality and storage

ability, whereas, either deficit or excess irrigation water

reduces onion yield and inferiors bulb quality and

storage ability. 

The present investigation aims to, determine the

productivity and economic efficiency of some onion

cultivars under different irrigation regimes, in one of

the horizontal expansion region "El-Bostan". 

MATERIALS  AND METHODS

Four field experiments were carried out from

December 2004 to December 2006) in sandy soil of

new reclaimed area in National Research Center

Experimental farm "El-Bostan region" to investigate the

response of yield, storage ability and water use

efficiency (WUE) of  three onion cultivars (Giza 20,

El-Behairy and Supper X), to three irrigation rigimes

(Total seasonal amount of irrigation 1211.449,

1524.312 and 1817.174 M3 /Fadden [4200 m2]) for

two growing seasons.

An economic evaluation was conducted based on

the field experimental results, in order to investigate

the possibility of wide application of the optimum

recommendation and its economic impact on the

investigation region.    

Data of field experiments were subjected to the

statistical combined analysis of ANOVA, and the

entries means were compared according to least

significant differences test, as reported by Gomez and

Gomez . Moreover, the economic data was analyzed[14]

depending on quantitive and qualitative statistical

analysis methods. Moreover, the most important

economic indicators were calculated to find out the

economic efficiency of cultivars and irrigation regimes

of onion crops.   

RESULTS AND  DISCUSSIONS

 

Yield and Yield Components: Onion yield and its

components (total  fresh yield, bulb yield, marketable

yield before and after storage) were calculated as ton

per feddan (4200 m ). The obtained results those,2

illustrated in Table (1), clearly show that Supper X F1

cultivar resulted in higher onion yield components in

the two growing seasons, followed by  El-Behairy and

then Giza-20 cultivar. Only one exception was recorded

as for the marketable yield after storage for six months.

Where the highest value was recorded by El-Behairy

because the Supper X F1 hybrid bulbs tended to sprout

very rapid from the beginning of the fifth month in the

storage. So that, the highest amount of weight loss

during storage "5.977 ton/fed." was obtained with super

X recording about 37 % of stored bulbs.

Meanwhile, the discarded bulbs from Giza-20,

during storage " 2.408 ton/fed." "20.4%), were mainly

because of soft rot especially those treated with high

irrigation regime. On other hand, those discarded from

El-Behairy " 2.626 ton/fed." "20.1%" were mainly

because of black neck rot which was also increased by

increasing irrigation regime (Fig.1) .

Yield  and  yield  components  were positively

and significantly influenced by increasing water

application from 1211.449 to 1817.174 M3 /Fadden.

Whereas,  the highest fresh, bulb yield, marketable

yield before and after storage were recorded with the

highest  irrigation  regime (1817.174 M3 /Fadden) in

all  investigated  cultivars,  followed  by  the  medium

irrigation regime (1524.312 M3 /Fadden) while, the

lowest values of yield and its components were

obtained with the lowest amount of irrigation regime

1211.449M3 /Fadden.

The fresh yield was about 15.835, 18.813 and

21.519 ton/ fed., for low, medium and high irrigation

regime, respectively. The percentage of curried yield

recorded 83 %, 85 % and 80.7 % of fresh yield for the

three irrigation regimes respectively. Meanwhile, the

percentage of marketable bulb yield recorded 86.4, 89.2

and 86.96 % for low, medium and high irrigation

regime, respectively. 

Concerning the weight loss during storage, it was

2.89, 3.42 and 4.71 ton/fed., recording about 24.9, 23

and 29.6 % of marketable yield before storage for low,

medium and high irrigation regime, respectively. Thus

its clearly to concluded that, the medium irrigation

regime, lead to minimize the weight loss even during

curing or storing the onion yield (Fig. 2).

These  results are going well with those mentioned

by  El-Behairy ,  Hassan ,  Abd-Alla ,  Galbiatti[11] [15] [1 2 ]

et  al., , Glala , Neeraja and Reddy , and Glala et.[13] [3] [16]

al.,  .[6 ,7]

Economic Evaluation Before Storage: 

Production Costs: Data of onion cultivation economic

indicators are tabulated in Table (2&3). The variable

production costs were increased with increasing

irrigation regimes for all investigated onion cultivars.

Under low irrigation regime the variable production

costs were 2877, 2897 and 4157 LE/ fed., for Giza 20,

El-Behairy and Super X cultivars, respectively. The

variable production costs increased by 3%, 4% and 4.5

%  with the medium irrigation regime and by 7.3 %,

8.3% and 7.7 % with the high irrigation regime, for

Giza 20, El-Behairy and Super X  cultivars,

respectively(Table 2).
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Table 1: Effect of cultivars and water regimes on onion yield, yield components and bulbs storage ability

M arketable yield Fresh Cured Bulb Net bulb 

yield yield percent ton / fed.

----------------------------------------- ------------------------------- Weight loss

cultivars Water regimes            Ton / feddan before After during storage

(WR) ----------------------------------

         storage ton %

Giza 20 Low 14.508 12.918 12.291 84.719 10.764 8.452 2.312 21.479

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

M edium 15.872 14.652 13.662 86.079 12.120 10.135 1.985 16.378

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

High 18.074 15.397 14.279 79.005 12.549 9.622 2.928 23.329

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Average 16.151 14.322 13.411 83.268 11.811 9.403 2.408 20.395

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

El-Behairy Low 15.393 13.634 12.745 82.797 10.972 9.346 1.626 14.820

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

M edium 17.767 16.303 15.083 84.893 13.503 10.658 2.846 21.073

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

High 20.414 17.548 16.382 80.249 13.873 10.467 3.407 24.555

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Average 17.858 15.828 14.737 82.646 12.783 10.157 2.626 20.149

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Super X Low 17.605 15.865 14.387 81.723 12.338 7.604 4.734 38.371

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

M edium 22.801 21.096 19.167 84.062 17.101 11.686 5.415 31.665

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

High 26.068 23.105 21.569 82.739 18.996 11.213 7.783 40.972

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Average 22.158 20.022 18.374 82.842 16.145 10.168 5.977 37.002

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

WR average Low 15.835 14.139 13.141 83.080 11.358 8.467 2.891 24.890

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

M edium 18.813 17.350 15.970 85.011 14.241 10.826 3.415 23.039

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

High 21.519 18.683 17.410 80.664 15.139 10.434 4.706 29.618

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD Cultivars 0.42 0.31 0.14 0.99 0.23 0.31 0.17 1.01

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

WR 0.34 0.2 0.12 0.57 0.12 0.15 0.21 0.46

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

interaction 0.83 0.62 0.29 1.48 0.46 0.62 0.35 2.02

Fig. 1: Effect of cultivars on onion yield loss due to curing, canopy termination, sorting and storing for six month.
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Table 2: Economic efficiency indicators of onion cultivars, irrigated by different water regimes.

Giza 20 El-Behairy Super X

----------------------------------------------- -------------------------------------------- -------------------------------------------

Low M edium High Low M edium High Low M edium High

Labour wages 920 960 1000 940 1020 1050 1000 1140 1190

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M achinery 214 214 214 214 214 214 214 214 214

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

seeds 450 450 450 450 450 450 1650 1650 1650

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

other inputs* 1043 1043 1043 1043 1043 1043 1043 1043 1043

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Irrigation 250 295 380 250 295 380 250 295 380

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Variable costs 2877 2962 3087 2897 3022 3137 4157 4342 4477

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total costs 3627 3712 3837 3647 3772 3887 4907 5092 5227

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Productivity 12.29 13.66 14.28 12.75 15.08 16.38 14.39 19.167 21.57

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total revenue** 5653 6284 6569 5738 6786 7371 6044 8050 9059

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Net returns 2026 2572 2732 2091 3014 3484 1137 2958 3832

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Revenue/ costs 1.56 1.69 1.71 1.57 1.80 1.90 1.23 1.58 1.73

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

transportation 270 300 325 270 340 360 300 400 415

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Storage costs 300 330 350 300 370 390 350 500 520

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Stored yield 8.45 10.14 9.62 9.35 10.66 10.47 7.6 11.69 11.21

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total revenue** 8563 10172 9745 9292 10443 10575 7496 11183 10915

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Net returns 4366 5830 5233 5075 5961 5938 1939 5191 4753

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Revenue/ costs 2.04 2.34 2.16 2.20 2.33 2.28 1.35 1.87 1.77

* = Fertilizers and pesticides values ** = Include the unmarketable yield value

The production costs were calculated about of the rate of inputs uses in field experiments, there for the revenue values were calculated about

of  the yield prices dominate in the investigation region.

Fig. 2: Effect of water regimes on onion yield loss due to curing, canopy termination, sorting and storing for six

month.
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On other the variable production costs of Super X

cultivar  were  higher  than  those  of  Giza 20 and

El-Behairy cultivars, because of the very high price of

Super X  cultivar seeds. The Average variable

production  costs  of  Super  X cultivar, were 4325

LE/  fed.,  with  increasing  percent of 43.3 % and

45.4% in comparison with El-Behairy and Giza 20

cultivars, respectively. However, the average variable

production costs for high irrigation regime were about

3567 LE/ fed., with increasing percent of 3.6 % and

7.8 % comparing with medium and low irrigation

regimes respectively  (Table3).

Total Revenue: Data in Table (2), revealed that, the

total revenue increased with increasing irrigation

regime, in all investigated onion cultivars. Under

highest irrigation regime, total revenue was 6569, 7371

and 9059 LE/ fed., for Giza 20, El-Behairy and Super

X cultivars, respectively, with increasing percent of 4.5,

8.6 and 12.5% comparing with medium irrigation

regime, and by 16.2, 28.5 and 49.9 in comparison with

low irrigation regime, for Giza 20, El-Behairy and

Super X cultivars, respectively. The increases of total

revenue was due to increasing of bulb yield in all

investigated onion cultivars, associated with increasing

irrigation regime. 

Data in Table (3), show that, the average revenue

of Super X cultivar was about 7718 LE/ fed., with

increasing percent of 16.3 and 25.1% in comparison

with El-Behairy and Giza 20 cultivars respectively.

Meanwhile the average revenue of high irrigation

regime was about 7666 LE/ fed., with increasing

percent of 8.9 and 31.9% comparing with medium and

low irrigation regimes respectively.

Net Returns: Data in Table (2), illustrated  that, the

net returns of onion cultivation increased by increasing

irrigation regime, in all investigated onion cultivars.

The net return values under high irrigation regime,

were 2732, 3484 and 3832 LE/ fed., with increasing

percent of 6.2, 15.6 and 29.5% comparing with

medium irrigation regime, and of 34.8,  66.6 and 237%

in comparison with low irrigation regime, for Giza 20,

El-Behairy and Super X cultivars, respectively. 

Concerning data in Table (3), El-Behairy cultivar

recorded the highest net return "2863 LE/ fed., with

increasing percent of  8.4 and 17.2% comparing wit

Super X  and Giza 20 cultivars, respectively. The

decreasing of net return obtained with Giza 20 cultivar

mainly due to the lower yield, meanwhile, the lower

net income of Super X  cultivar mainly due to its higher 

production costs. Table (3), also revealed that, high

irrigation regime resulted in the highest net return

"2249 LE/ fed.",  with increasing percent of about 17.6

and 91.3 % comparing with medium and low irrigation

regimes respectively. 

Revenue/Costs Ratio: As for data in Table (2),

indicated to the superiority of high irrigation regime in

revenue/ cost ratio, in all investigated cultivars, in

comparison with medium and low irrigation regimes.

Meanwhile, Table (3) showed the superiority of El-

Behairy cultivar over Super X  and Giza 20 cultivars.

The revenue costs ratio values were 1.76, 1.52 and

1.65 for El-Behairy, Super X and Giza 20 cultivars,

respectively. 

Economic  Evaluation  after  Storage:  Data  in

Table (2&3), revealed that, the total revenue, net

income and revenue/ cost ratio of onion production

were improved by storing the marketable bulbs for six

months, the medium irrigation regime was the best

concerning all economic efficiency indicators, after

storage for all investigated cultivars. The net return

values under medium irrigation regime were 5830.

5961 and 5191LE/ fed.,  for Giza 20, El-Behairy and

Super X cultivars, respectively, recording 11.4, 0.4 and

9.2 % increases comparing with high irrigation regime

and 33.5, 17.5 and 168 % in comparison with low

irrigation regime, consequently for Giza 20, El-Behairy

and Super X cultivars.

Concerning data in Table (3), El-Behairy cultivar,

recorded the highest total revenue "10103LE/ fed.",

with increasing percent of  2.4 and 6.4% comparing

with Super X and Giza 20 cultivars. On other hand the

medium irrigation regime " as average of the three

cultivars" recorded 10600LE/ fed.,  as total revenue,

with increasing percent of 1.8 and 25.4 % comparing

with hig and low irrigation regimes, consequently. 

The net return value was higher with El-Behairy

cultivar "5658LE/ fed. ",with increasing percent of 10

and 42.8% in comparison with Giza 20 and Super X

cultivars, respectively. The superiority of El-Behairy

cultivar in economic indicator after storage, due to

decreasing of its bulbs weight loss during storage and

increasing of  its marketable yield after storage in

addition to, the increases of its price  in comparison

with  Super X cultivar which recorded the highest

weight loss value during storage and the lowest price.

More details for weight loss during curing, termination

and storage are illustrated in Fig. (1).  

As for the revenue costs ratio, the medium

irrigation regimes recorded 2.34, 2.33 and 1.87 for

Giza 20, El-Behairy and Super X cultivars, respectively. 
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Table 3: Economic efficiency indicators of onion cultivars and  water regimes.

Cultivars Water regimes

----------------------------------------------------------------- --------------------------------------------------------------------------

Giza 20 El-Behairy Super x Low M edium High

Labour wages 960 1003 1110 953 1040 1080

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M achinery 214 214 214 214 214 214

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

seeds 450 450 1650 850 850 850

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

other inputs* 1043 1043 1043 1043 1043 1043

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Irrigation 308 308 308 250 295 380

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Variable costs 2975 3019 4325 3310 3442 3567

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

Total costs 3725 3769 5075 4060 4192 4317

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Productivity 13.41 14.74 18.38 13.14 15.97 17.41

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total revenue** 6169 6632 7718 5812 7040 7666

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Net returns 2443 2863 2642 1751 2848 3349

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Revenue/ costs 1.65 1.76 1.52 1.45 1.69 1.78

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

transportation 298 323 372 280 347 367

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Storage costs 327 353 457 317 400 420

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Stored yield 9.40 10.16 10.17 8.47 10.83 10.43

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total revenue** 9493 10103 9865 8450 10600 10411

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Net returns 5143 5658 3961 3793 5661 5308

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Revenue/ costs 2.18 2.27 1.66 1.86 2.18 2.07

* = Fertilizers and pesticides values ** = Include the unmarketable yield value

The production costs were calculated about of the rate of inputs uses in field experiments, there for the revenue values were calculated about

of  the yield prices dominate in the investigation region.

The high revenue cost ratio value obtained by medium

irrigation regime, may due to lowest weight loss during

storage as shown in Fig. (2). Therefore, the marketable

yield after storage was the highest with the medium

irrigation regime for all investigated onion cultivars.

concerning  cultivars, El-Behairy cultivar dominate

other cultivars regarding to revenue costs ratio. Where

El-Behairy cultivar recorded 2.27 in comparison with

2.18 and 1.66 for Giza 20 and Super X cultivars

respectively.

Water  Use Efficiency (WUE): Water use efficiency

in  Fig. (3) show a similar trend of yield components

as  for response to cultivar, but its response to

irrigation rates took a contrary trend in comparison

with yield response trends. The highest water use

efficiency "WUE" was obtained from the plots received

the lowest amount of irrigation water. WUE was

gradually decreased by increasing irrigation rates,  in

both Giza 20 and El-Behairy  cultivars which recorded

10.15 and 10.52 kg/ m  respectively. While the3

maximum WUE value was obtained when Supper X

cultivar irrigated by medium irrigation regime, follwed

by 11.88 and 11.87 kg/m  recorded by Supper X3

cultivar with low and high irrigation regimes,

respectively.

Concerning water use efficiency after storing, the

highest values (6.98 &7.72 Kg stored bulbs/M3

irrigation water) were obtained from Giza-20 El-

Behairy  cultivars respectively, when irrigated by low

irrigation regimes, in comparison with 6.65 and 6.99

kg/ m , consequently under medium irrigation regime,3

5.3 and 5.76 kg/ m uder hig irrigation regime for both3 

cultivars respectively. On the other hand, Supper X

cultivar recrded 7.67, 6.28 and 6.17 kg/ m  when it3

was irrigated with meduim, low and high irrigation

regimes, respectively. These results prove that irrigating

onion should not exceed the medium rate to increase

the bulb storage ability and litilize the wieght loss

during storage. 

The results of water use efficiency are matched

with those obtained by Abd-Alla , Glala , Al-Jamal[13] [3]

et al., , Koriem et al., , Mohamed and Gamie ,[4] [17] [18]

Al-Jamal et al., , Glala et. al., .[19] [6 ,7]
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Fig. 3: Response of onion water use efficiency (WUE) as for stored yield and bulb yield to cultivars "top left",

irrigation rates "top right" and their interaction "bottom", respectively.

According  to  the  economic  indicators  in 

Table  (2&3),  the  additional  value  of irrigation

water cubic meter with increasing irrigation regimes

from low "1211.449 M3 /Fed.' to medium "1524.312

M3 /Fed." one, was about 1.7, 2.95 and 5.82 LE /m  3

for Giza 20, El-Behairy and Supper X cultivars,

respectively. Meanwhile the additional value of

irrigation water cubic meter was decreased to 0.55, 1.6

and 2.98 LE /m     with increasing irrigation regimes3

from 1524.312 M3 /Fed to 1817.174 M3 /Fed. " high

irrigation regime", for the three cultivars, consequently.

Thus, the medium irrigation regime seam to be the

optimum  irrigation  regime  for  all  investigated

onion cultivars. 
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