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ABSTRACT

Effect of six water regimes based on irrigation water/cumulative pan
evaporation (IW/CPE) ratio (0.25, 0.50, 0.75, 1.00, 1.25 and 1.5) with presence or
absence of straw mulch and compost on yield of red onion (A/lium cepa L.), water
use efficiency, gravimetric soil moisture content and leaf relative water content
was evaluated in two consecutive yala seasons in year 2010 and 2011 at Regional
Agricultural Research and Development Centre, Aralaganwila using split-split
plot design with three replicates. Irrigation water was applied daily based on the
pan evaporation data and crop coefficient (Kc) for onion relevant to different
growth stages. Gravimetric soil moisture content and Leaf relative water content
was measured just before irrigation at 3, 6 and 9 weeks after planting. Results
revealed that, highest yield and yield components of onion were observed under
highest water regime (IW/CPE ratio 1.5) in both seasons. Highest gravimetric soil
moisture content and leaf relative water content was also recorded by IW/CPE ratio
of 1.5.Although, highest water use efficiency in 2010 yala season was recorded in
IW/CPE ratio of 1.5, in year 2011 yala season it was under lowést water regime
(IW/CPE ratio 0.25). In sub plot and sub-sub plot treatments, application of straw
mulch and compost recorded the highest yield attributes of onion, gravimetric
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soil moisture content, leaf relative water content and water use efficiency of onion
in both seasons. Based on the results, it was concluded that application of straw
mulch and compost have increasing effect on red onion yield,leaf relative water
content, gravimetric soil moisture content and water use efficiency. However, since
highest red onion bulb yield, yield components, soil and plant moisture status were
recorded in highest soil moisture regime (1.5 IW/CPE ratio) tested, further studies
are needed to find out the optimum water regime to achieve maximum crop yield

and water use efficiency in sandy non-calcic brown soil in the dry zone of Sri Lanka.

Keywords: Irrigation, IW/CPE ratio, mulch, compost, red onion, water use efficiency

INTRODUCTION

The Sri Lankan Government has decided to utilize 35% of paddy lands during
2014 yala season for the cultivation of supplementary food crops such as big onions, red
onions, potatoes, chilies, maize, green gram, soya bean, cowpea etc. The main objective
is to achieve self- sufficiency in supplementary food crops and save foreign exchange
spent on imports. Among these supplementary food crops, Onion (4/lium cepa L.) is one
of the most important vegetable, cash, spice and condiment crop cultivated all over the
world on commercial scale. In Sri Lanka, total production of red onion in year 2014 was
46,034 Mt in an extent of 9,661 ha. However, Sri Lanka imported 11,839 Mt of red onion

in year 2014 spending considerable amount of foreign exchange.

Onion consumption is elastic with respect to income, increasing 1.4 percent for
each 1 percent rise in real per capita GNP (Pattie and Wickramasinghe, 1993). Therefore,
continuous increase of demand for red onion can be expected with increasing income
levels of Sri Lankans. Therefore, there is a need to increase the production to achieve
self-sufficiency in onion. To achieve the target, possibility of using non-traditional areas

for onion cultivation need to be explored.

However, in irrigation water management point of view, shortage of water still
remains one of the major limiting factors for agricultural production even in major

irrigation schemes.With the completion of the multiphase diversion projects and other
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major irrigation schemes, the phase of expansion in the country’s irrigated area have
become limited (IIMI, 1992). The emphasis now is on increasing water use efficiency of
the existing irrigation systems and on-farm water management for higher productivity.
Hence, present study was conducted to identify appropriate irrigation water regime in
terms of yield, yield attributes of red onion and water use efficiency with and without

application of straw mulch and compost.

MATERIALS AND METHODS
The area :where the experiment was conducted has a unimodal rainfall pattern
with average annual rainfall of about 1100 mm. Soil of the area is moderately deep, well
drained, Non Calcic Brown soils (Haplustalfs) (Panabokke, 1996). The total rainfall
received during yala 2010 and 2011 was 334.5 mm and 113 mm respectively.

The experimental field was ploughed once with a tractor and made it to a fine
tilt using a harrow. Main plots were prepared in a dimension of 4 x 1m. The dimensions
of sub and sub-sub plots were 2 x Im and 1 x 1m respectively. Irrigation water was
applied déily to each treatment plot based on respective IW/ CPE ratio corresponding
to the growth stage-specific crop coefficient (Kc) using a bucket. IW was determined
using the amount of pan evaporation in previous day and converting it to a water volume.
Rice straw mulch (10t/ha) and compost (10t/ha) were applied to the respective plots at
the beginning of the experiment. Red onion (cv. Vethalam) was planted at the spacing
of 10 x 10 cm in the same day in each plot. A same quantity of irrigation with a depth
of 4cm was given to each plot just after transplanting and the subsequent irrigations
were adopted on the basis of different IW/CPE ratio designated to each plot. Chemical
fertilizer application to onion crop and other crop management practices were adopted
as the recommendation of the Department of Agriculture (DOA, 1990). Experiment was
conducted without application of organic manure, except for the plots designated to be

with compost application.
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The water table depth of the experiment site was below 2 m throughout the
experimentation. Hence, the contribution of ground water was considered to be negligible.
However, to prevent the lateral movement of water, polythene sleeves were inserted to

the soil up to one meter depth around the main plots.

MEASUREMENTS

Rainfall and Evapotranspiration rate

Daily rainfall amount and evapotranspiration rate were measured using recording
type rain-gauge and class A evaporation pan installed in the research centre respectively.
Irrigation water was applied based on daily evapotranspiration rate and crop coefficient
(Kc) relevant to different growth stages as follows; initial stage, 25 days (0.5), Growth
stage, 40 days (0.7), mid stage, 20 days (1.8) and maturity stage, 10 days (1.0) (FAO,
1992). Precipitation occurred in the 24-hour period of previous day was taken into
account in calculating the evapotranspiration. Whenever precipitation was greater than
evaporation, measured increments of water was dipped from the pan. Application of
irrigation water was withheld whenever the daily rainfall exceeds the cumulative pan

evaporation.

Leaf Relative Water Content

The leaf relative water content was determined in the fully expanded topmost
leaf of the main shoot at 3 weeks interval. The sampling was practiced just before the
irrigation. The fresh weight of the sample leaves was recorded and the leaves were
immersed in distilled water in a Petri dish. After 2 hours, the leaves were removed, the
surface water was blotted-off and the turgid weight was recorded. Samples were then
dried in an oven at 70°C to constant weight. Leaf relative water content was calculated
using the following formula (Turner, 1981):

LRWC (%) = [(FEW =D.W) / (TW—=D.W)] X 100...........ceeeeeeeeeeeiii.. eq. (1)

Where: LRWC (%) = Leaf relative water content, FW = fresh weight leaves,
DW = dry weight leaves, TW = Turgid weight
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Gravimetric soil moisture content

Composite soil samples were collected up to 20cm depth in soil in each plot at
3 weeks interval to determine the gravimetric soil moisture content. Soil samples were
collected just before the irrigation.Fresh weight of the samples were recorded just after
the sampling and oven dry weight of the soil was recorded by placing soil samples at

1050C in an oven to a constant weight.

Yield and yield components

Ten tagged representative plants were harvested from each plot for recording
yield attributes of onion. Harvest was done at the time when more than 80% of the leaves
(pseudo-stems) were bent over. Bulbs per cluster, average bulb size (g/bulb), plants/m?
and plot yields were determined at the time of harvesting.

Water use efficiency (WUE)
The water use efficiency, as kg of onion bulb yield per cubic meter of water used
was calculated by dividing the bulb yield of red onion with total water used as irrigation

and rainfall.

RESULTS AND DISCUSSION

Yield and yield components

Afnong the different water regimes tested, IW/CPE ratio 1.5 (M6) recorded the
significantly highest number of bulbs per plant, weight of one bulb and bulb yield during
both the years (Table 1).This may be attributed to greater cell elongation and turgidity
owing to adequate moisture availability in the soil. Sharma et al. (1994) and Mishra et al.
(1996) also reported higher growth and yield parameters with irrigation at 1.5 IW/CPE
ratio. The lowest yield parameters were recorded with irrigation at 0.25 IW/CPE ratio.
Moisture stress in lower moisture regimes might have adversely affected the cell division
and cell enlargement because of reduction in the level of endogenous phytohormones
viz., auxins (Davenport ef al., 1980 and Nandi et al., 2002).These results may also be
due to the negative effect of soil moisture deficits on vegetative growth and dry matter
accumulation in reproductive stage (bulb formation). The results are also in harmony with
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those of Encisoet al. (2009) and Pejiet al (2011), who found that irrigation has highly
affected the total onion yield, yield components and morphological characteristics of
onion bulbs. Moreover, under the Egyptian conditions, Morsy and Abd El- Latif (2012)

also recorded similar trends.

Onion needs frequent irrigation (Sen et al., 2006). Although, many researchers
reported highest bulb yield around 1 to 1.2 IW/CPE ratio[Singh and Sharma (1991);
Hegde (1986) andPalled et al. (1988)], present study revealed much higher water
requirement for achieving maximum crop yield under sandy non-calcic brown soils in the-
dry zone of Sri Lanka. Although, the lateral movement of water was prevented, high rate
of percolation and evapotranspiration might have reduced the required water availability
to the onion plants at lower IW/CPE ratio. Sen et al. (2006) also observed continuous
significant increase of onion bulb yield of onion up to 1.5 IW/CPE ratio, which is the
highest IW/CPE ratio tested. Similar results were observed by Aujla and Madan (1992),
who found that higher ratio of IW/CPE ranging from 1.25 to 1.5 produced the higher
red onion yield than lower ratios of 0.75 to 1.0. Sadariaet al. (1997) also reported that
irrigation at 1.4 IW/CPE ratio gave the highest bulb yield of onion. However, there was
no significant difference of bulb yield among the IW/CPE ratio of 0.75, 1 and 1.25.

Application of mulch and compost significantly increased the red onion yield and
yield components in both seasons. Shock ef al. (1999) reported that with straw mulch,
onion yield was increased by 64%. It was also reported that the yield increase were
mainly due to the decrease of water runoff and increase of movement of water in the soil
profile in rooting depth. Adetunji (1994) reported in semi-arid Nigeria, onion that was
mulched during dry season increased bulb yield by 80%. Farmers normally do not practice
mulching in onions as it might host the plant pathogenic fungi. However, in both seasons
of present experiment, any significant pest or disease attack to onion was not observed.
Significant interaction between different water regimes‘ and application of mulch on
yield and yield components of red onion was not observed. Application of compost (10t/
ha) also significantly increased the crop yield and yield components (except bulbs per
cluster) of red onion in both seasons. Application of compost might have increased the

water holding capacity of the soil and added micro and macro nutrients to the soil than

200



TROPICAL AGRICULTURIST, VOL.165: PART 2, 2017

the chemical fertilizer alone treated plots. Higher gravimetric soil moisture contents of
soil (Table 4) and higher leaf relative water content (Table 3) under compost application
is also an indication of these effects.There was also no significant interaction between

different water regimes and application of compost on crop yield and yield components

except weight of one bulb.
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Significantly highest number of Plants/m2of red onion at 9 weeks after planting was
recorded by the IW/CPE ratio 1.5 followed by IW/CPE ratio of 1.25 and 1 (Table 2).
High rate of plant mortality was observed under lower moisture regimes may be due

to the insufficient water availability for normal crop growth. However, significant
mulch effect or compost effect on number of Plants/m2 was not observed. There was a
significant interaction between application of mulch and compost on number of Plants/
m2. This is mainly due to the higher number of plants under non-mulch treatment over
mulched treatment only in compost applied plots (Interaction table not shown). Compost
application might have induced more plants per cluster but may have smothered by
application of mulch. However, according to onion bulb yield (Table 1); this smothering
seems to have no significant effect on final bulb yield.

Table 2. Effect of different IW/CPE ratio, mulching and compost application on
plant count of Red onion at 9 weeks after planting

Treatments Plants/m?
2010 2011
Main treatments (IW/CPE ratio)
M1. IW/CPE 0.25 320.7¢ 344d
M2. IW/CPE 0.5 404.7d 412d
M3. IW/CPE 0.75 465.9c 501c
M4. IW/CPE 1.0 553.5b 588b
MS. IW/CPE 1.25 581.0b 613ab
Mé6. IW/CPE 1.5 647.5a 659a
S.Ed.+ 25.0 27.6
CD (p = 0.05) 55.6 61.4
Sub treatments (Presence or absence of 10/ha of mulch)
S,. With mulch 503.1 544
S,. Without mulch 488.02 495
S.Ed.+ 14.5 18.54
CD (p =0.05) NS NS
Sub-sub treatments (Presence or absence of 10t/ha of compost)
SS1. With compost 503.4 555
SS2. Without compost 487.7 484
S.Ed.+ . 12.75 17.20
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Table 2=Cont..

CD (p = 0.05) NS NS
Interaction (MxS) :

S.Ed.+ 35.7 39.5
CD (p =0.05) NS - NS
Interaction (MxSS)

S.Ed.+ : 31.2 334
CD (p = 0.05) NS NS
Interaction (SxSS)

S.Ed.+ - 18.03 22.6
CD (p=0.05) _ 37.22 46.65
Interaction (MxSxSS)

S.Ed.+ ) 44.17 48.4
CD (p =0.05) NS NS

Means followed l;y the same letter are not significantly different at 5% probability level.
M=main plot effect, S=subplot effect, SS=sub-sub plot effect, CD= critical difference,

S.Ed.+ = standard error of deviation

Leaf relative water content

Among the different water regimes tested, IW/CPE ratio of 1.5 recorded the
highest leaf relative water content at 3, 6, and 9 weeks after planting in both the years
(Table 3). There was a significant difference of leaf relative water content among different
water regimes except IW/CPE ratio of 1 and 1.5 in year 2010 that recorded non-significant
Leaf Relative Water Content values. Lowest Leaf Relative Water Content was recorded
in IW/CPE ratio of 0.25. Higher water availability in soil profile (Table 4) under IW/CPE
ratio 1.5 than the rest of the irrigation treatments may be the reason for higher leaf relative
water content under IW/CPE ratio 1.5. Application of mulch and compost also increased
the leaf relative water content in both the years. Reduction of water evaporation from
soil under mulched treatments and higher water holding capacity of soil under compost
application may be the reason for higher leafrelative water content in mulched and compost
applied treatments. There was a significant interaction exist between water regimes and

application of mulch in both years, except 6 weeks after planting, where interaction was
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not significant (Interaction table not shown). Leaf Relative Water contentvaries in wider
range (42.1 to 92.7 at 3 weeks after planting and 49.4 to 76.7 at 9 weeks after planting in
year 2010) in mulched treatment than the non-mulched treatment (38.2 to 79.5 at 6 weeks
after planting and 48.4 to 64.6 at 9 weeks after planting in year 2010). This may be due
to the soil water conservation ability of mulched treatments than non-mulched treatment
even under low IW/CPE ratios (Table 4) that might have increased the water availability
to the plants in mulched treatment. There was also a significant interaction exists between
application of mulch and compost on leaf relative water content.Under the application of
compost, there was a wide range of leaf relative water content (53.8 to 63. 0 at 3 weeks
after planting and 56.4 to 64.8 at 6 weeks after planting). However, without application
of compost, leaf relative water content was varied in a narrow range (56.2 to 60.6 at 3
weeks after planting and 54.86 to 58.7 at 6 weeks after planting). This clearly indicated
the combined effect of mulching and compost application on leaf relative water content.
Significantly higher gravimetric soil moisture content in mulched and compost applied
plots is also aproof to this assumption. Decrease in RWC in plants under drought stress
may depend on plant vigor reduction and have been observed in many plants (Liu et al.,
2002). Under water deficit, cell membrane subjects to changes such as penetrability and
decrease in sustainability (Blokina et al., 2003). Generally, it seems that osmoregulation
is one of the main mechanisms preserving turger pressure in most plant species against
water loss. It causes plant to continue water absorption and retain metabolic activities
(Gunasekera and Berkowiz, 1992). |
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Gravimetric soil moisture content
Significantly highest gravimetric soil moisture content at 3, 6 and 9 weeks after

planting in both 2010 and 2011 years was recorded by the IW/CPE ratio of 1.5 (Table
4). However, it was on par with IW/CPE ratio of 1.25 except 9th week after planting in
year 2010. The differences of gravimetric soil moisture content among different IW/
CPE ratio is marginal compared with differences of leaf relative water content (Table
3). It is not clear whether there was any resistance of further soil moisture depletion
after reaching certain level of soil moisture depletion. However, there was a significant
increase of gravimetric soil moisture content at 3, 6 and 9 weeks after planting under
mulch and compogt application in both the years.Compost might have improved organic
matter status and total porosity of the soil (Adeyemo and Agele, 2010). This might have
favorably impacted soil water holding capacity and modify rainfall infiltration. Khurshid
et al. (2006) also stated the same results that mulching and organic manure application
- improves the ecological environment of the soil and increases soil water contents.
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EFFECT OF WATER REGIMES ON YIELD OF RED ONION
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Figure 1. Rainfall received during crop growing period of onion in 2010 yala
season
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Figure 2. Rainfall received during crop growing 'period of onion in 2011 yala
season

In year 2010 yala season received 334.5mm of rainfall (Figure 1) compared to
113.0 mm in 2011 yala season (Figure 2). Generally, water use efficiency in 2010 yala
season was lower than year 2011 (Table 5 and 6). In year 2010, when effective rainfall
was higher, significantly highest water use efficiency was recorded in highest water
regime (IW/CPE ratio 1.5). In contrast, when effective rainfall was lower, highest water
use efficiency was recorded in lowest water regime (0.25 IW/CPE ratio). High intensity
rainfall (exceeding 25mm/day) received in 3 days in 2010 yala season compared to 1 day
in 2011 yala season might be the reason for lower WUE in 2010 yala season. Majority of
rainfall received at the beginning of planting and crop harvesting stage in both 2010 and
2011 yala seasons (Figure 1 and 2). These rainfalls might have no or very little effect on
onion yield. Most of the rain water received in the season might also have lost as runoff
or deep percolation without contributing to the yield increase of onion but reducing the
water use efficiency of the crop. Even it might have negatively affected the growth and
yield of onion due to leaching of soil nutrients and cloudy weather condition. Angus

(1983) also reported that water deficit stress during the vegetative phase of development,
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can increase WUE of crops significantly. In contrast, Bhagyawant et al. (2015) reported
that the onion yields and field water use efficiency are higher with less water stress and
reduced with increase in water stress. Results of the present study are also in accordance
with these findings only in 2010 yala season. However, when there was relatively low
amount of effective rainfall, contrasting results were observed. Although, contrasting
results of water use efficiency among water regimes were observed in two seasons, there
was significantly higher water use efficiency of red onion under straw mulching and
compost application in both the years. Soil moisture conservation under mulch treatment
and higher water holding capacity of compost application together with favorable effect
of mulching and ceompost application on onion yield might be the reason for significantly
higher water use efficiency in mulch and compost application treatments. However,
in general water use efficiencyof onion in the present study was quite low compared
to the water use efficiency of 4.68 kg m-3 reported by Goonasekera (1978). Observed
differences of present study may possibly be due to the lower water holding capacity of
non-calcic brown soil and high evaporative demand of the environment of low country
dry zone. Relatively high intensity rainfall especially at the end of 2010 yala season also

might have reduced the water use efficiency of onion crop.
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CONCLUSIONS
Based on the results, it was concluded that application of straw mulch and
compost have increasing effect on red onion yield, leaf relative water content, gravimetric
soil moisture content and water use efficiency. However, since highest red onion bulb
yield, yield components, soil and plant moisture status were recorded in highest soil
moisture regime (1.5 IW/CPE ratio) tested, further studies are needed to find out the
optimum water regime to achieve maximum crop yield and water use efficiency in sandy

non-calcic brown soil in the dry zone of Sri Lanka.

REFERENCES

Adetunji, I.A (1994). Response of onion to soil solarization and organic mulching in semi
arid tropics Scientia Hort., 60 (1/2): 161-166.

Adeyemo, A. J. and S. O. Agele (2010). Effects of tillage and manure application on
soil physicochemical properties and yield of maize grown on a degraded intensively
tilled alfisol in southwestern Nigeria, Journal of Soil Science and Environmental
Management Vol. 1 (8), pp. 205-216

Agudelo Becerra, M.Y., F. Casierra-Posada (2004). Effect of Mycorrhizae and Manure
Fertilization and Yield and Quality of Onion. Revista- FacultadNacional de Agronomia
Medellin. 57:1; 2189-2202

Akoun, J., (2005). Effect plant density and manure on the yield and yield components the
common onion (Allium cepa L.) var. Nsukka red. Hort Sci. 9: 43-48.

Angus, J.F., S. Hasegawa, T.C. Hsiao, S.P. Liboon& H.G. Zandstra, (1983).The water
balance of post-monsoonal dryland crops. Journal of Agricultural Science (UK) 101:
699-710.

Aujla, T.S. and P.S. Madan (1992). Response of onion (Allium cepa L) to irrigation,
nitrogen fertilizer and row spacing on deep sandy loam soil in sub tropical monsoon
soil. Indian Journal of Agricultural Science., 62: 129-134.

218



TROPICAL AGRICULTURIST, VOL.165: PART 2, 2017

Bessembinder, J.J.E., P.A. Leffelaar, A.S. Dhindmal, and T.C. Ponsioen. 2005. Which
crop and which drop, and the scope for improvement of water productivity. Agr. Water
Mgt. 73:113-130.

Bhagyawant, R.G., S.D. Gorantiwarand S.D. Dahiwalkar (2015) Effect of DeficitIrrigation
on Crop Growth, Yield and Quality of Onion under Surface IrrigationAmerican-
Eurasian J. Agric. & Environ. Sci., 15 (8): 1672-1678.

Blackman, S.A., R.L. Obendorf, A.C. Lepold. (1995). Desiccation tolerance in developing
soybean seeds: The role of stress proteins. Plant Physiol., 93: 630-638.

Blay, E.T., Y. Dariquahe, J. Ofosu-Anim, J. K Ntumy (2002). Effect of Poultry Manure
and/or Inorganic Fertilizer on the Yield of Shallot (Allium cepa var. aggregatum),
Adv. in Hort. Sci. I: 13-16

Blokhina O., E. Vlrolamen K. V. Fagerstedt 2003. Anti-oxidative damage and oxygen
deprlvatlon stress. Ann. Bot., 91: 179-194.

Brice, J., L. Currah, A. Malins, And R. Bancroft(1997). Onion storage in the tropics.
A practical guide to methods of storage and their selection. Chartham. UK National
Resources Institute. p. 3.

Department of Agnculture (1990) - Crop Recommendations Techno guide. Department
of Agriculture, Peradeniya, Sri Lanka. p. 46

Devenport, I.L., PW. Morgon and W.R. Jordan, (1980). Reduction of auxin transport
capacity with age and internal water deficits in cetton petiols. Plant Physiol., 65:
1023-1025.

Enciso, J., B. Wiedenfeld, J. Jifon and S. Nelson (2009). Onion yield and quality response
to two 1irrigation scheduling strategies, Sci. Horticult.,120: 301-305.

FAO, (1992). Irrigation and Drainage Paper. No. 36.

219



EFFECT OF WATER REGIMES ON YIELD OF RED ONION

Ganji, F., 1. Arjenaki, R. Jabbaril, A. Morshedi(2012). Evaluation of Drought Stress
on Relative Water Content, Chlorophyll Content and Mineral Elements of Wheat
(Triticumaestivum L.) Varieties. International Journal of Agriculture and Crop
Sciences. Available online at www.ijagcs.com_ IJACS/2012/4-11/726-729 ISSN
2227-670X ©2012 IJACS Journal pp. 726-729.

Gunasekera, D., G.A. Berkowitz (1992). Evaluation of contrasting cellular-level
acclimation responses to leaf water deficits in three wheat genotypes. Plant. Sci., 86:
1-12.

Goonasekera, K.A.G. (1978). Field water use and productive efficiency of selected crops in the

Dry zone of Sri Lanka.

Seasonal Report 1978 yala season, Field Crop Research and Development Centre,
Mahailluppallama.

Hegde,D. M. (1986). Effect of irrigation and N fertilization on water relations, canopy
temperature, yield. N uptake and water use of onion Indian J. Agric. Sci. 56(12) 858-
867.

IIMI, (1992). Annual Report, International Irrigation Management Institute, Colombo

Khurshid, K., M. Igbal, M.S. Arifand A. Nawaz, (2006). Effect of tillage and mulch on
soil physical properties and growth of maize.Int. J. Agric. Biol.,8: 593—-596

Liu Y., G. Fiskum, D. Schubert (2002). Generation of reactive oxygen species by
mitochondrial electron transport chain, J. Neurochem., 80: 780- 787.

Meyer, R.F,, J. S. Boyer (1981). Osmoregulation solute distribution and growth in
soybean seedlings having low water potentials. Planta, 151: 482- 489

Mishra, H.R., A.P.Mishra and B.C. Mal (1996). Effect of irrigation on performance of

late sown onion in caicareous soil. Indian J. Hort. 53(1): 46-49.

220



TROPICAL AGRICULTURIST, VOL.165: PART 2, 2017

Morsy, M.G. and K.M. Abd El- Latif (2012). Evaluating the effect of irrigation number
on growth, yield, storability and water productivity of som onion varieties. Fayoum J.

Agric. Res. and Dev., 26(2): 45 — 59.

Nandi, R.K., M. Dem, J K. Maity and G. Sounda (2002).Response of onion to different
levels of irrigation and fertilizer. Crop Res., 23(2): 317-320.

Palled,Y. B., M. D. Kachpur, A. M. Chandrasekharan and A. S. Prabhakar (1988).
Response of onion to irrigation and nitrogen. Indian J. Agron. 33(1) 22-25.

-

Panabokke, C.R. (1996). Soils and Agro ecological environment of Sri Lanka. Natural

Resources Energy and
Science Authority, Colombo, Sri Lanka, p. 200.

Pattie, P.S and Y. M. Wickrarnasinghe (1993). Present status and future prospects of
onion production in Sri Lanka. Diversified Agriculture Research Project, United
States Agency for International Development Alternatives INC. p 5

Peji, B.,JelicaGvozdanovi —Varga, S. Mili, Aleksandra Ignjatovi-upina, D. Krsti and B.
Cupina (2011). Effect of irrigation schedules on yield and water use of onion (4/lium
cepal..), African Journal of Biotechnology Vol. 10(14), pp. 2644-2652.

Rumpel, J., (1998). Effect of long-term organic, mineral, and combined organic-
mineral fertilization on yield of onions (Allium cepa L.) grown from seeds.

BiuletynWarzywniczy, 48 : 5-15.

Sadaria, S.G., D.D. Malavia, V.D. Khanpara, M.G. Dudhatra, M.N. Vyas and R.K.
Mathukia (1997). Irrigation and Fertilizer management in onion (Allium cepa) and its
residual effect on groundnut (Arachishpogaea). Indian Journal of Agronomy., 42:4,
709-712.

221



EFFECT OF WATER REGIMES ON YIELD OF RED ONION

Sen, R.,A. T. M. A. 1. Mondal, S. Brahma and M. S. Khan (2006). Effect of Different Soil
Moisture Regime on the Yield and Yield Components of Onion, Bangladesh J. Sci.
Ind. Res. 41(1-2), 109-112

Shaheen, A., M. Fatma, A. Rizk, S. M. Singer (2007). Growing Onion Plants without
Chemical Fertilization. Res. J. Agr. Biol. Sci., 3(2): 95-104.

Sharma, O.L., N. S. Katole, and K.M. Gautam (1994). Effect of irrigation schedules and
nitrogen levels on bulb yield and water use by onion. Agric. Sci. Digest, 14(1): 15-18.

Shock, C.C., J.H. Jensen, M. Seddish, B.M. Senders, T.D. Stieber (1999). Improving
onion yield and market grade by mechanical straw application to irrigation furrows.
Hort.Tech. 9 (2): 251-253.

Singh, L., S.R. Bhonde, V. K Mishra (1997). Effect of different organic manures and
inorganic fertilizers on yield and quality of rabi onion. News Let. — Natl. Hort. Res.
Dev. Foundation 17 (3): 1-3 1997.

Singh, D. and R. P. Sharma (1991). Effect of soil moisture regimes and nitrogen
fertilization on onion. Indian J. of Agronomy. 36(1) 125-126.

Smith, M. (2002). FAO methodologies on crop water use and crop water productivity.
Regional Climate, water and Agriculture: Impacts on and Adaptation of Agro-
ecological systems in Africa. CEEPA, 4-7 December 2002.

Snyman, H.G., D.E Jong, T.A.S. Aveling (1998). The stabilization of sewage sludge
applied to agricultural land and the effects on maize seedlings. Water Sci.Technol. 38
(2): 87-95.

Turner, N.C. (1981). Techniques and experimental approaches for the measurement of
plant water stress. Plant Soil, 58: 339-366.

222



