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ABSTRACT

The objective of this research work was to investigate the effects of planting methods and drip
irrigation intervals on onion yield under silt-loamy soil. An experiment was conducted for two
consecutive seasons (2014/15 and 2015/16). The experiment was composed of planting methods and
drip irrigation intervals. The planting methods were flat, ridge and bed planting, whereas drip
irrigation intervals were daily, every 3 days and every 5 days. The nine treatments were randomly
laid out in a split-plot design with three replicates, the main plots were irrigation intervals and the
subplots were allotted to planting methods. The calculated total water requirement for onion crop was
8113 and 7633 m%ha in the first and second seasons, respectively. The results showed that the
combination of flat planting and daily irrigation produced significantly the highest bulb weight
(218.49), marketable yield (43.8ton/ha) and highest total yield (46.6 ton/ha). The results revealed that
flat planting and daily irrigation was the most economical combination for producing onion crop in
Kassala state.
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INTRODUCTION

Drip irrigation is a promising system for economizing the available irrigation water. It is also
necessary to manage the available water efficiently for maximum crop production. It can also apply
water more precisely and uniformly at a high irrigation frequency compared to furrow and sprinkler
irrigation (Khalifa, 2012).

In Sudan, drip irrigation has been used to produce crops of high value in open field as well as in
greenhouses. However, the National Crop Husbandry Committee of the Sudan has recommended the
use of drip irrigation system for producing banana, onion and citrus (Khalifa, et al. 2013; 2014a and
2014b). Khalifa, et al. (2014a) found that drip irrigation system saved irrigation water by 67% and
increased the total yield of onion by 43% compared to surface irrigation. They also reported that drip
irrigation system scored higher net return and benefit cost ratio compared to the surface irrigation
system.

The conventional cultivation method for onion crop in Kassala is by planting on flat and the use
of surface irrigation. Farmers usually use animal and labors power to prepare their fields and to
construct canals for surface irrigation. Testing different planting methods can provide some
information which help farmers for better field management. Crop production in Kassala depends
mainly on underground water for irrigation. The limited water supply from the underground water is
a real problem facing crop cultivation in Kassala city. The estimated annual recharge rate to the
underground water is about 50 million m® whereas the annual requirements are about 100 million m?®.
Eighty percent of this requirement is used for cultivation and the rest for home uses and drinking (R.
A. U. W. V., 2009). Therefore, it is important to study the integrated effect of planting method and
drip irrigation interval on onion productivity in Kassala city.

The research work in Sudan, concerning onion crop, was focused on variety improvement and
management practices such as transplanting and seed production (Nourai et al., 2010). However,
more research work is needed in proper water management as onion crop requires regular watering
throughout its growth period for maximum production. Drost (2004) mentioned that for good onion
production, soil moisture had to be kept near field capacity and any drought stress during growth
decreased yield, reduced bulb size and affected flavor. The objective of this research work was to
investigate the technical and economic effects of planting methods and drip irrigation intervals on
onion yield under silt-loamy soil in Kassala State, eastern Sudan.

MATERIALS AND METHODS

The experiment was conducted for two consecutive seasons, 2014/15 and 2015/16, at the farm of
the Horticulture Department, Ministry of Agriculture and Irrigation in Kassala State. This farm is
located at latitude 15° 27 N and longitude 36° 24" E and altitude of 500 masl. The soil is silt-loam.
The climate is semi desert with annual rainfall between 100 and 250 mm, which normally occurs
between July and October. The temperature ranges between 20°C and 45°C in winter and summer,
respectively.

The experiment consisted of planting methods and drip irrigation intervals. The planting methods
were flat, ridge, and bed planting, whereas drip irrigation intervals were daily, every 3 days and 5
days. The nine treatments were randomly laid out in a split-plot design with three replicates. The
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main plots were assigned for irrigation intervals and the subplots for planting methods. The subplot
size was 8.4 m? (2.8 m x 3 m). The experimental plots were plowed, harrowed and leveled. The ridges
and beds were constructed at 70 cm apart and 140 cm wide, respectively. The recommended onion
cultivar (Baftaim) was transplanted on the first of November in both seasons. All other cultural
practices were performed as recommended by the ARC. Onion crop was harvested manually on the
first of March in both seasons.

Drip irrigation system was properly installed in the experimental plots. The irrigation water was
applied according to crop water requirements (ETc) in a way that each plot received the same amount
of water throughout the growing season. Daily meteorological data were used to calculate the daily
reference evapotranspiration (ETo) from the first of November to the end of February. Moreover, the
standard crop coefficient (K¢) for onion was taken from FAO-56 and adjusted to the local field
conditions according to the equation described by Allen et al. (1998) as follows:

i3 (Lprev
Kei = Keprev + [—p] (Kenext = K prev)-eeeverrrerenonn (1)

stage
where
I = day number within the growing season, Kci = crop coefficient for day i., L stage = length of the stage
under consideration (day) and 2(L prev) = sum of the lengths of all previous stages (day).

Thereafter, the field discharge uniformity was calculated using the formula described by
Choudhary and Kadam (2006).

EUs=[(QmMin) X 200/ Q @VQ.. . euenieirieeiiiee e (2)
where
EUs = Field discharge uniformity (%), Q min = minimum emitter discharge (I/n) and Q avg. = average
emitter discharge (I/h).

To apply 100% of the crop water requirement, modification is needed in the ET. to compensate
the loss in the discharge uniformity of the drip irrigation system. This modification was done by using
the following equation.

A0 = ET o/ EUf e e 3)
where
dg = Net depth required, mm/day.
The quantity of water to be applied by the drip irrigation system was calculated by the equation
described by (Bagali, et al., 2012) as follows:

Quantity of water to be applied (liters) = ET¢ (cm) x area (ha) x 10°... (4)

The quantity of water required (CWR) for every drip irrigation interval was calculated using the
following equation:

CWR = ET¢ x interval (days)......ccovveviiiiiiiiiiiiiii e, 5)
Running time (RT) was calculated using the following equation as described by Sankar et al.,
(2015)
RT = Volume of water applied divided by no. of drippers x dripper discharge
&1 (T PP (6)

At harvest, data on bulb yield and its quality were collected and statistically analyzed.

The economic indicators such as partial budget and marginal rate of returns (MRR) were used
according to the procedure described by CIMMYT (1988) to evaluate and compare the profitability
of the tested treatments.
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Data were analysed using the standard analysis of variance procedure. Means were separated
using Duncan's Multiple Range Test at 5% level of significance.
RESULTS AND DISCUSSION
The results of the hydraulic characteristic of drip irrigation system for the two seasons are shown
in Table 1. The average and the lowest emitters discharge rate values in the first season were 7.5 I/hr
and 6.8 I/hr, respectively. The average field emission uniformity for both seasons was 90.6% and
90.5% for the first and second seasons, respectively. The obtained field emission uniformity of the
drip irrigation system was excellent. Choudhary and Kadam (2006) reported that 90% is excellent,
80-90% is good and 70-80% is acceptable but less than 70% is not acceptable.

Table 1. Hydraulic characteristics of drip irrigation system for the two seasons.

. - Season
Hydraulic characteristic 5014715 5015/16
Average discharge rate (I/hr) 75 7.4
Lowest emitter discharge rate (I/hr) 6.8 6.7
Emission uniformity (%) 90.6 90.5

The average values of the calculated K. crop stage and duration of onion was presented in Table
2. The K¢ value started from 1.05 in the initial stage and increased up to 1.08 in the developed stage,
increased even more in the mid- stage to 1.43 and decreased to 0.97 late in the season.
Table 2. Calculated crop coefficient (K¢) for onion at different stages.

Crop stage Initial Development Mid- Late-
season season

Duration 30 31 31 28

(days)

Kec 1.05 1.08 1.43 0.97

The calculated values of reference evapotranspiration (ETo) in Kassala local conditions were 5.5
and 5.2 mm/day for the first and second seasons, respectively (Table 3).

The crop evapotranspiration (ET¢) is a term that describes the water consumed by a crop during
the growing season. The average values of reference evapotranspiration during the growing period
were 6.2 and 5.8 mm/day for the first and second seasons, respectively (Table 3). Total water
requirements for onion crop were 8113 and 7633m?3/ha for the first and second seasons, respectively.
Table 3. Reference evapotranspiration (ETo), crop evapotranspiration (ET¢) and crop water
requirement (CWR) for onion crop at different stages during the two seasons.

Season
Month 2014/15 2015/16
ETo ETc CWR ETo ETc CWR
(mm/day) (mm/day) (m®ha) (mm/day) (mm/day) (m°/ha)
November 54 5.67 1868 5.6 5.88 1937
December 49 5.29 1802 4.6 4.97 1690
January 49 7.01 2387 4.8 6.86 2335
February 6.9 6.69 2056 5.6 5.43 1671
Mean 5.5 6.2 - 5.2 5.8 -
Total - - 8113 - - 7633
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The effect of planting method, drip irrigation interval and their interaction on bulb weight for the
two seasons is shown in Table 4. The effect of planting methods on bulb weight showed no significant
difference in the first season and very highly significant difference in the second season and the
combined analysis. Flat planting resulted in the highest bulb weight throughout the two seasons and
combine analysis. The highest bulb weight was 177.7 g, 222.2 g and 200.0 g for the first, second
seasons and combined analysis, respectively. The lowest bulb weight was obtained by ridge planting
(164 g) in the first season, bed planting in the second season (176.3 g) and combined analysis (176.7
9).

The effects of drip irrigation interval on bulb weight showed no significant differences in the
second season, very highly significant difference in the first season and combined analysis (Table 4).
These results indicated that bulb weight was affected by irrigation intervals. Daily irrigation interval
gave the highest bulb weight while the lowest bulb weight was obtained by the 5 days interval. These
findings agreed with the results obtained by Bagali et al., (2012) who reported that shorter irrigation
intervals i.e., one and two days interval significantly increased onion bulb weight compared to three
days interval.

The combination of flat planting and daily irrigation resulted in the highest bulb weight in both
seasons and their combined analysis. These results indicated that bulb weight was affected by
irrigation intervals and planting methods.

Table 4. Effect of planting method and drip irrigation interval on onion bulb weight (g) for the two
seasons and their combined analysis.

Planting Irrigation interval (days)
method 1 3 5 Mean
Season 2014/15
Ridge 175. 164.0
175.8 9 140.2
Flat 199. 177.7
202.7 6 130.8
Bed planting 179. 177.1
170.0 3 182.0
Mean 182.8  184. 151.0 172.9
9
Sig. NS foleie *
level
SE* 6(planting method)  6(irrigation 12(interaction
interval) )
CV (%) 8.5
Season 2015/16
Ridge 186. 191.6
196.1 5 192.2
Flat 217. 222.2
234.1 9 214.6
Bed planting 171. 176.3
181.9 0 175.9
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Mean 204.0  191. 194.2 196.7
8
Sig. il NS NS
level
SE* 6.8(planting 7(irrigation 6.8(interactio
method) interval) n)
CV (%) 7.4
Combined analysis
Ridge 186.0 1%1. 166.2 177.8
Flat 218.4 2%8. 172 7 200.0
Bed planting 176.0 1715. 178.9 176.7
Mean 1935  188. 172.6 184.8
4
Slg **k*k **k*k **k*k
level
SE* 4.8(planting 4.8(irrigation 7(interaction
method) interval) )
CV (%) 7.8

*and *** and NS indicate significance at < 0.05, 0.001 levels and not significant, respectively.

The effect of planting methods on bulb diameter showed no significant differences in the first
season but significant difference in the second season and combined analysis (Table 5). Flat planting
method obtained the biggest bulb diameter. Similar results were found by Kanwar and Akbar (2013)
who reported that flat planting of onion produced the highest bulb diameter than the other planting
methods.

On the other side, the result indicated that bulb diameter was significantly affected by irrigation
intervals in the first season and combined analysis (Table 5). Daily irrigation gave the biggest bulb
diameter which agrees with the results of Bagali et al. (2012). This may be due to the availability of
moisture near the root zone.

The results showed no significant differences due to the interaction of planting method and
irrigation interval on bulb diameter in both seasons and their combined analysis (Table 5).
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Table 5. Effect of planting method and drip irrigation interval on onion bulb diameter (cm) for two
seasons and their combined analysis.

Planting Irrigation interval (days)
method 1 3 5 Mean
Season 2014/15
Ridge 7.4 6.9 7.0 7.1
Flat 7.3 7.4 7.1 7.3
Bed 6.9
planting 7.2 6.5 6.9
Mean 7.3 6.9 7.0 7.1
Sig. level NS * NS
SE* 0.1(planting 0.1(irrigation 0.1(interaction)
method) interval)
CV (%) 4.7
Season 2015/16
Ridge 1.7 7.2 7.5 7.5
Flat 8.1 8.0 8.1 8.1
Bed 7.2 7.1 7.0 [
planting
Mean 1.7 1.4 7.5 7.6
Sig. level NS * NS
SE* 0.1 (planting  0.1(irrigation 0.1(interactio
method) interval) n)
CV (%) 4.8
Combined analysis
Ridge 7.6 7.1 7.1 7.3
Flat 1.7 1.7 7.3 7.6
Bed 7.1
planting 7.1 7.3 7.0
Mean 7.5 7.5 7.1 7.3
Sig. level * * NS
SE* 0.1(planting 0.1(irrigation 0.1(interaction
method) interval) )
CV (%) 4.7

*and NS indicate significance at < 0.05 level and not significant, respectively.

The results showed that planting methods significantly affected onion total yield in the first
season (Table 6). Combined analysis showed that ridges and flat planting gave higher total yield
compared to bed planting. Kanwar and Akbar (2013) found that planting onion on flat produced
significantly the highest yield than other planting methods.

The results showed that irrigation interval had significant effect on total yield in both seasons
and their combined analyses. Daily irrigation interval resulted in the highest total yield in the first
season and combined analyses. These results indicated that daily irrigation positively affected total
onion yield compared to other irrigation intervals. The results of this study agreed with the findings
of Bagali et al. (2012) as they reported that daily irrigation interval recorded significantly higher bulb
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yield over other irrigation intervals. Onion is a shallow rooted bulb crop which is highly sensitive to
irrigation, once the plant has started growing, it must not suffer from shortage of water. The shorter
irrigation interval ensures optimum growth of the crop by securing balanced water supply throughout
the crop growth period.

The interaction effect of planting methods and irrigation intervals on total onion yield showed no
significant effects in the first season and very highly significant effects in the second season and
combined analysis. These results indicated that the total yield was affected by irrigation intervals and
planting methods. Some studies showed that onion yield was significantly affected by irrigation
interval (Quadir et al., 2005) with more emphasis on shorter irrigation interval (Bagali et al., 2012)

Table 6. Effect of planting method and drip irrigation interval on onion total yield (ton/ha) for two
seasons and their combined analysis.

Planting Irrigation interval (days)
method 1 3 5 Mean
Season 2014/15

Ridge 49.6 39.7 40.4 43.2
Flat 50.8 33.2 42.0 42.0
Bed 38.4 358 404 38.1
planting
Mean 46.27 36.1 40.9 411
Sig. level * Fhx NS
SE* 1.6 (planting 1.6 (irrig interval) 0.8

method) (interaction)
CV (%) 8.3

Season 2015/16

Ridge 41.3 39.2 48.6 43.1
Flat 42.4 44.5 42.7 43.2
Bed 37.5 49.0 30.7 421
planting
Mean 40.4 44.2 43.7 42.8
Slg Ievel *kx ** *kx
SE* 0.2 (planting 0.5 (irrig interval) 0.2

method) (interaction)
CV (%) 1.3

Combined analysis

Ridge 46.4 39.5 43.8 43.2
Flat 46.6 38.8 42.2 42.6
Bed 37.8 422 418 406
planting
Mean 43.6 40.2 42.6 42.1
Sig. level * * Fhx
SE* 0.9 (planting 0.9 (irrig 0.6

method) interval) (interaction)
CV (%) 6.8
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*and *** and NS indicate significance at < 0.05, 0.001 levels and not significant, respectively.

The results showed no significant differences in marketable yield due to the effect of planting
methods in the second season, and significant differences in the first season (Table 7). These results
indicated that marketable yield was affected by planting methods which agreed with those of Arian
et al. (2004) who reported significant differences on total marketable yield under different planting
methods. Flat planting gave the highest marketable yield in both seasons and their combined analyses.

Irrigation interval had significant effects on marketable yield in both seasons and their combined
analyses (Table 7). Daily irrigation resulted in the highest marketable yield in the first season and
combined analysis. These results indicated that daily irrigation interval positively affected the
marketable yield.

The results of the interaction of planting method and irrigation interval on marketable yield
showed no significant differences in the first season, very highly significant differences in the second
season and significant difference in the combined analysis. The highest marketable yield was
obtained by the interaction between flat bed and daily irrigation in the first season. This could be due
to the maintenance of soil moisture in the root zone closer to field capacity by daily irrigation.
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Table 7. Effect of planting method and drip irrigation interval on onion marketable yield (ton/ha)
for two seasons and their combined analysis.

Planting Irrigation interval (days)
method 1 3 5 Mean
Season 2014/15
Ridge 45.6 37.3 39.2 40.7
Flat 48.8 31.2 40.0 40.0
Bed 36.8
planting 35.2 36.8 38.4
Mean 43.2 35.1 39.2 39.2
Sig. level * Fkk NS
SE* 1(planting method) 1(irrig interval) 0.2 (interaction)
CV (%) 5.7
Season 2015/16
Ridge 37.2 35.3 41.0 37.8
Flat 38.8 40.2 39.7 39.6
Bed 30.0
planting 36.2 43.4 40.4
Mean 374 39.6 40.4 39.1
Sig. level NS kel Fhx
SE* 0.3 (planting method) 0.4 (irrig interval) 0.4 (interaction)
CV (%) 2.3
Combined analysis
Ridge 41.4 36.8 40.9 39.7
Flat 43.8 35.7 39.9 39.8
Bed 37.8
planting 34.7 40.1 38.6
Mean 39.9 37.5 39.8 39.1
Sig. level * * *
SE* 0.6 (planting 0.6 (irrig interval) 0.7 (interaction)
method)
CV (%) 54

*and *** and NS indicate significance at < 0.05, 0.001 levels and not significant, respectively.

The results of the partial budget analysis indicated that the treatment of flat bed planting and daily
irrigation interval achieved the highest costs and the highest net return compared to the other
treatments (Table 8). Table 9 shows the calculated marginal rate of return (MRR %) between
treatments. All of the treatments achieved MRR% above the minimum marginal rate of return (100%).
However, three treatments achieved higher MRR%; namely bed planting and daily irrigation interval,
bed planting and 3 days irrigation interval, and flat planting and daily irrigation interval, which were
3018%, 2187% and 1459%, respectively.

As all MRR% was above the minimum marginal rate of return, it is difficult to choose the best
treatment for farmers, thus further analysis, the residual analysis, is used. The results of the residual
analysis (Table 10) showed that the treatment of the flat bed planting and daily irrigation interval gave
the highest residual value. However, all of the other treatments, including farmers' practice, gave
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negative residual values. Therefore, the treatment of the flat bed planting and daily irrigation interval
Is the most superior treatment from the economical point of view.

Table 8. Dominance analysis.

Cost that vary Net return

Treatment (SDG/ha) . (SDG/ha)
Farmers' Practice 32725 4760
Bed planting and daily irrigation 34431 26380
Bed planting and 5 day irrigation interval 35079 29481
Ridge planting and 3 day irrigation interval 35138 29419 D
Flat planting and 3 day irrigation interval 35481 30742
Bed planting and 3 day irrigation interval 35605 31871
Flat planting and 5 day irrigation interval 36102 33872
Ridge planting and 5 day irrigation interval 36326 34479
Ridge planting and daily irrigation 36576 35895
Flat planting and daily irrigation 37161 39477

Table 9. Marginal analysis.

Cost MC Net MR MRR

Treatment that return (%)
vary

Farmers' practice 32725 4760

Bed planting and daily

irrigation 34431 1706 26380 21620 3018
Bed planting and 5 day

irrigation interval 35079 647 29481 3101 1140
Flat planting and 3 day

irrigation interval 35481 405 30742 1264 745
Bed planting and 3 day

irrigation interval 35605 124 31871 1128 2187
Flat planting and 5 day

irrigation interval 36102 497 33872 2002 957
Ridge planting and 5 day

irrigation interval 36326 226 34479 609 643
Ridge planting and daily

irrigation 36576 250 35895 1416 1349
Flat planting and daily

irrigation 37161 585 39477 3582 1459
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Table 10. Residual analysis.

Cost that Net Return Residual

Treatment vary retur required  (SDG/ha
n )

Farmers' practice 32725 4760 32725 -27965
Bed planting and daily irrigation 2638

34431 0 34431 -8052
Bed planting and 5 day 2948
irrigation interval 35079 1 35079 -5598
Flat planting and 3 day 3074
irrigation interval 35481 2 35481 -4739
Bed planting and 3 day 3187
irrigation interval 35605 1 35605 -3734
Flat planting and 5 day 3387
irrigation interval 36102 2 36102 -2230
Ridge planting and 5 day 3447
irrigation interval 36326 9 36326 -1847
Ridge planting and daily 3589
irrigation 36576 5 36576 -681
Flat planting and daily irrigation 3947

37161 7 37161 2316

CONCLUSION
Flat planting with daily irrigation interval produced the highest bulb weight, the highest marketable

yield and the highest net return.

ACKNOWLEDGEMENT
The authors would like to thank the IAEA Regional Project RAF/5/071 “Enhancing Crop
Nutrition and Soil and Water Management and Technology Transfer in Irrigation Systems for
Increased Food Production and Income Generation” for supporting this work. Special thanks,
appreciation and gratitude to all staff of the Horticulture Department, Ministry of Agriculture and
Irrigation in Kassala State for their contribution to the success of this work.

Gezira j. of agric. sci. 17 (1) (2019)



Gezira j. of agric. sci. 17 (1) (2019)

REFERENCES
Allen, R.G., L.S.Pereira., Raaes, and D.M. Smith. 1998. Crop Evapotranspiration. Guidelines for

Computing Crop Water Requirement, FAQ, Irrigation and Drainage, Paper 56. United Nations,
Rome, ltaly.

Arian, A. L., A. M. Khushk., A. F. Bloch and N. Ahmed. 2004. Growth and yielding behavior of onion
in response to essential nutrients. Pakistan Journal of Agricultural Research 18(1):51-54.
Bagali, A. N., H. B. Patil, M. B. Guled and R. V. Patil. 2012. Effect of scheduling of drip irrigation on

growth, yield and water use efficiency. Karnataka Jouranl of Agricultural Sciences 25 (1): 116-
119.

Choudhary, M. L. and U.S. Kadam. 2006. Micro-irrigation for cash crops.Westville Publishing House.
New Delhi. India.

CIMMYT. 1988. From Agronomic Data to Farmer Recommendations: An Economics Training
Manual. Completely revised edition, Mexico .D.F. ISBN 968-6-18-6
Drost, D. 2004. Onions in the Garden. Cooperative Extension Service, Utah State University.

Kanwar. M. S and P. I. Akbar. 2013. Effect of planting methods on performance of onion. International
Quarterly Journal of Life Science 8(3): 911-913.
Khalifa, A. B. A. 2012. Comparison of Surface and Drip Irrigation Regimes for Banana (Musa AAA)

cv. Grand Nain in Gezira, Sudan. M.Sc. Thesis, Agricultural Research Council. Sudan Academy
of Sciences (SAS), Khartoum, Sudan.

Khalifa, A. B. A., M. A. Aliand A. Y. Yagoub. 2014a. Optimizing water productivity, yield and quality
of grapefruit irrigated by bubbler and surface irrigation under Khartoum State conditions. The
56" Meeting of the National Crop Husbandry Committee, Agricultural Research Corporation.
Wad Medani. Sudan.

Khalifa, A. B. A.,, M. A. Ali., A. Y. Yagoub., B. M. Ahmed and G. A. Elbaderi 2014b. Introduction
of family drip system for improving livelihood of small-scale farmers, north Kassala. The 55"
Meeting of the National Crop Husbandry Committee, Agricultural Research Corporation. Wad
Medani. Sudan.

Khalifa, A. B., M. A. Ali., M. 1. lIbrahim., B. A. Shaker and O. Hassan. 2013. Comparison of surface
and drip irrigation regimes for banana (Musa AAA) cv. Grand Nain in Gezira. The 54" Meeting
of the National Crop Husbandry Committee, Agricultural Research Corporation. Wad Medani.
Sudan.

Nourai, A. H., A. M. Huda and A. B. Khadiga. 2010. Effect of sowing dates and seed rates on seed
yield and quality of the red onion variety (Saggai Improved) in Khartoum State. 48" Meetings
of the National Crops Husbandry Committee. Agricultural Research Corporation. Wad Medani,
Sudan.

Quadir, M., A. Boulton, J.Ekman, M. Hickey and R. Hoogers. 2005. Influence of drip irrigation on
onion yield and quality. IREC Farmers’ Newsletter 170: 29-31, Australia.
R. A. U. W. V., Research Administration of Underground Water and Valleys. 2009. Annual Report,

Kassala State, Kassala.

Gezira j. of agric. sci. 17 (1) (2019)



Gezira j. of agric. sci. 17 (1) (2019)

Sankar, V., A. Thangasamy and K. E. Lawande. 2015. Effect of drip irrigation on onion (Allium cepa
L) seed production under Western Maharashtra conditions. International Journal of Tropical
Agriculture 33(2): 621-625.

Gezira j. of agric. sci. 17 (1) (2019)



Gezira j. of agric. sci. 17 (1) (2019)

Sl (S 3y § Anraladl 201 3 i) 2l e daiially 6,01 iy el y331 Gyl
e dema ey Tiezma dal> Jlil g To¥ie el dezme (¥ g 2 dasd! dll de dezmag Maads des ! JSl des
st Sty paly ok e el Gl slesg Tdungy crasmyll e alals Paesl S0k SLay TS0 G 2Ll

NC T IR ENCERNPE STy

Olagadl, e alg el 3l gl diga’

Olagadl S M 235,519 liladly Ael 5301 5,159 2

Olagadl cylays al bl (yloys ol Aasla el 301 2,83

Olagudl cnliad cagh il dasle Aol 3l 484
Ll s, 2, 01 48U U 2 dodl U1 Ll 4ydady oLl 3,10l 2l s ®

L]
LA s Juadl a bty g e laaially 601 @l idg 2ol 301 Bylo il Aalys 5o Aualyadl sds (oo gty Jl Bl

doganlly 01 Sl idg Ael y30 dals Lea ctlale (o &yzmall (0535 .(16/2015 5 2014/15) calline Chososd M § Apaalal]
el LT 5 5 a1 39 Luogy Jayaially @Il ilid il (e 8 eiolns G Aol s Amlasis (o151 (2 Ael3) Bl
Lely3ll Bylog Aaatsy Il (al9o¥ 3 (gl b Ciaisg s (il 5K M 24l alaall euasai § Lslsdee cue 39 lalas
2o Lylae Alall 59 el cidacl ogddl 601 pe Ambaus (alsnt § 2l 3l Aasbe o @ladl cplal Ao yall (olsa¥l 3
il asall § g dmbaus (alsl § Ael 3l alaseiul udigud il el e Jgsamed! @5 cdoluny cilpao § 2l 31!
LA @ Jiadl Jgsmmo z Y ¥ 2palazd¥) dlalall (2 osall baaially g llg dmbawa olsnt § el 3l ol miladl
(sl Gollg Amlais (ool G ael 3l aluziuly (2 MuS § dhadl Y 2k Jiasl o6 bl ey MuS 3 Akl

Gezira j. of agric. sci. 17 (1) (2019)



