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Abstract

The study was conducted with the objective of eafiing groundwater saving, irrigation intervals ahdation
for cabbage, a field trial was carried out withiskler irrigation to see the performance of yielthe field
posses the main soil type of Calcic red yellowdatand located under Rlegion. The ten treatments were
carried out including farmers’ practices, mornirggiigkler irrigation for 15 and 25 minutes and maoigniand
evening sprinkler irrigation forl5 and 25 minuteishwwo varieties analyzed by two factorial randeed block
complete design. Irrigation duration of 15 minuggsinkler irrigation with Green coronet variety Iflewas
record highest yield of 4.53 kgfrand 15 minutes sprinkler irrigation with K — Y csogariety field was record
lowest yield of 3.94 kg/f Morning sprinkler irrigation was statistically nsignificant different from morning
& evening sprinkler irrigation and these two treants were statistically significant different framdge and
furrow irrigation for two varieties. Finally 15 mites sprinkler irrigation was selected as bestrireat and
followed by 25 minutes sprinkler irrigation. Greeoronet variety more response to sprinkler irrigathan K —
Y cross variety. The depth of water application weagher in ridge and furrow irrigation than spriekl
irrigation. The saving of 69.31% of groundwater veasounted under sprinkler irrigation system wighrin
duration compared to ridge and furrow irrigationthoel. Adaptation of sprinkler irrigation is moreo@omical
and water saving than the ridge and furrow irrigati
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1.0 INTRODUCTION

Increasing water scarcity in Sri Lanka, togethethvavidence of its inefficient use and increasing
competitive demand has given momentum to the odlieat water as an economic good. One of the
technical mechanisms available to improve the iefficy of irrigation water use is adoption of micro
irrigation technologies to reduce losses at distidm and at on-farm water management. It was found
that on farm irrigation efficiency was about 90%danproperly designed and managed drip irrigation
system, 80% for sprinkler irrigation and only abd&®o for surface irrigation metho@Sivanappan,
1994). The annual water resource of the islandbeas estimated as 4.32 million ha m and present
withdrawal is about 20 percent mainly for agrictdiupurposes. However, the increased demand for
industrial and domestic water will result in a retion in water diversions to agriculture.

Water application uniformity is essential for afi@ént agriculture especially in regions where evat
resources are limited and precipitation is not nsiorce to respond water demand. Hasstndil,
2010 indicated that irrigation methods has key mlefficient use of water but still there is limdt
information on their application on crop performan®©ne of the best methods to increase the
efficiency and the uniformity of irrigation is these of micro-scale irrigation techniques for irtigg
the agricultural lands. In micro-irrigation, waigill be supplied on demand to the effective roateo
of plants with high efficiency (Sanchet al, 1994). Micro Irrigation plays an important role the
management of crops to obtain the maximum vyielanflesser quantity of water, chemicals and
fertilizers compared to other forms of irrigatiohgeyar et al, 2004). Dharmasena and
Karunainathan, 2004 stated that agro-well watettiized for growing chilli, onion, fruits vegetads

by smallholder farmers and the current trend icutiivate fruits and vegetables by using micro
irrigation systems at commercial level.

Groundwater can provide supplementary irrigatiomany areas of the dry zone except the Northern
district, Jaffna district in which groundwater fetmajor irrigation source (Srimanne, 1967 and De
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Silva, 1996). The average annual rainfall of Jaffmeabout 1200 mm. Normally, rainfall period
restricted to 3-4 months of this area. Groundwaser has exceeded safe limits in most areas ofalaffn
where sustainable irrigation depends on maintainnglelicate balance between recharge and
extraction (Rajasooriyaet al, 2002). The Jaffna farmers face difficulties tirigation interval and
duration when use micro irrigation (Jayapirathiaal, 2010). They do not have recommended
intervals and durations.

1.1 Objectives of the study

Adaptation of micro irrigation is important in Ja#f Peninsula to conserve the quality and quantity o
groundwater. Hence the objectives of the study sedscted as to determine the irrigation duration
and irrigation interval of sprinkler irrigation irabbage crop and its influence on yield componént o
two different varieties of cabbage with determiaatof groundwater saving under sprinkler irrigation
in comparison with surface irrigation

2.0 MATERIALS AND METHODS

2.1 Measurement of system parameters

Research study was conducted in a field locatedDiatrict Agricultural Training Center at
Thirunelvely in Jaffna district where cabbage audtivated under sprinkler and surface method
irrigated conditions. Randomly selected rotary higga sprinklers were fitted on laterals with equal
spacing with riser height of 42 cm in the sprinldgstem. The system parameters, such as discharge
rate of the nozzle, the average wetted area anddhth of water applications were measured. The
commonly used measurement tool to determine thi®nmnity of sprinkler systems is catch can test
(Li et al, 2005). Once the data are collected by catch, @nsmber of different calculations can be
performed. For the measurement of uniformity of ewadistribution, twenty five catch cans were
placed around sprinkler. Sprinklers were allowedperate for 30 minutes and total collected water
in the cups was measured by using a measuringdeylif-or the calculation of uniformity of water
distribution from rotating head sprinklers, a fotendleveloped by Christiansen (Sivanappan, 1987)
was used.

Cu= 10({1.0 - Z—Xj

mn

In which,

C.- Co-efficient of uniformity

m - Average value of all observations (averageiegtibn rate), mm

n - Total number of observation points

X — Numerical deviation of individual observatiam the average application rate, mm.
Calculated uniformity coefficient values were pdottand compared with internationally accepted
value of 85%.

2.2 Collection of weather parameters

The weather records such as rainfall, relative Witgi wind velocity, sunshine hours and
Temperature were collected from Thirunelvely, Metdagical station in Jaffna, for the January,
February, March and April 2008 to of study perid@2 to see the suitability of the sprinkler system

2.3 Treatments

The cabbage was selected and grown as the tesfarrtips experiment. In this crop, K-Y cross and
Green coronet varieties were selected. Two irrigathethods were selected as treatment. The ridge
and furrow method was selected as control becawose afithe farmers planting the cabbage in ridges
and furrows irrigation. The research was done withfollowing ten treatment combinations (Table
1) and three replicates. The experimental data wamaalyzed statistically following factorial
randomized complete block desig@ontrol was designed as every fourth day to Ridgkfarrow.
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Table 1: Combination of treatment

Treatment Irrigation interval Irrigation variety Irrigation type
(every day) duration(minutes)

T, Morning & evening 15 K -Y cross Sprinkler

T, Morning & evening 15 Green coronet  Sprinkler

T3 Morning & evening 25 Green coronet  Sprinkler

Ts Morning & evening 25 K -Y cross Sprinkler

Ts Morning 15 K-Y cross Sprinkler

Te Morning 15 Green coronet  Sprinkler

T, Morning 25 Green coronet  Sprinkler

Ts Morning 25 K -Y cross Sprinkler

To - - Green coronet Ridge & furrow
Tic - - K -Y cross Ridge & furrow

Except irrigation duration and irrigation intervall other cultural activities such as nursery
management, planting, weed control, fertilizer aalon and chemical application were maintained
the same for all treatment plots. The ridge antbfurwas irrigated at three days irrigation intesvial
represent farmer’s practices. The discharge rateeopump and duration of irrigation were measured
during each furrow irrigation time to get the tadalpth of water irrigated.

3.4 Measurement of yield parameters

Out of two hundred and forty, forty eight sampldseach treatment were selected randomly. The
following yield parameters; mean head weight, plagight, head diameter, head height, yield, root
length were measured.

3.5 Statistical analysis
The experimental data was analyzed statisticallipong randomized complete block design and
factorial randomized complete block design by the of SAS computer software package at 5%level.

3.0 RESULTS AND DISCUSSION

3.1 Measurement of system parameter

Mean diameter of the wetted area was ®idat 42 cm riser height. The mean discharge rate of
sprinkler nozzle was 0.1467 lit/sec and the depthvater applied 33 mm/hour. The christiansen
uniformity coefficient value was 92.42% and it waceptable since the value was greater than the
best internationally accepted uniformity coeffidigalue of greater than 85% (Guptiaal, 2001).

3.2 Variation of weather parameters

The study area belongs to dry zone low countrysfRigro climatic region where the soil is calcic red
latosols. The average temperature, rainfall anddwiglocity were 27C, 356.9 mm and 4.56 km/h
respectively. The average maximum temperature k&853C with standard deviation of + 1.66.

The highest maximum temperature was 3€.7and lowest maximum temperature was 26.4This
climatic condition is preferable for growth of tikabbage crop. Out of 91 days, in total 356.9 mm
rainfall was received with twelve rainy days. Tledative humidity was varied from 48% to 98% and
average RH was 67.16% with standard deviation ®132%. The average wind speed was 4.56 km/h
and standard deviation £ 2.89 km/h. Most of thesdalye speed of the wind was less than10 km/h.
Hence there was no any influence of wind speeadifotmity coefficient of sprinkler irrigation.

3.3 Response of irrigation treatment on yield parftance

Analysis was done in two ways. First, six treatraamére considered as morning sprinkler irrigation,
morning & evening sprinkler irrigation and ridgedafurrow irrigation for two varieties. Another
analysis was done within the sprinkler irrigatiomatment. Four treatments were considered (Morning
sprinkler irrigation — 15 min & 25 min and morni&evening sprinkler irrigation — 15 min & 25
min). The mean head weights ranged from 4.81 t8 Bgint. The highest mean head weight at 1.69
kg and 1.66 kg were obtained in morning and morrangd evening sprinkler irrigation for Green

International Conference on Sustainable Built Envionments (ICSBE-2010)
Kandy, 13-14 December 2010



87

coronet varieties respectively (Figure 1). Mornspginkler irrigation was statistically not signiict
different from morning & evening sprinkler irrigati and these two treatments were statistically
significant different from ridge and furrow irrigah for two varieties. The lowest head weights were
obtained from ridge and furrow irrigation with K¥-cross variety and Green coronet variety which
had 1.13 kg, 0.96 kg respectively. Mean time, tighdr yield was received in green cornet variety
than K-Y cross verity. According to the other as#ythe highest mean head weight of 1.69 kg was
obtained in morning 15 minutes sprinkler irrigatidrhe lowest mean head weight at 1.65 kg was
obtained in morning & evening 25 minutes sprinkiggation (Figure 2).

Mean head weight and mean plant height were sggmitly differed in sprinkler irrigation and ridge

and furrow irrigation but mean head width, meandhéaight and mean root length were not
significantly different within these treatments fiér— Y cross (Table 2). Mean head weight, mean
plant height, mean head width, mean head heightaah root length were significantly differed for
in sprinkler irrigation and ridge and furrow irrig@n for green coronet (Table 3). But all the
measured characters were significantly differedwbeth two varieties because of its varietal
characters.
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Figure 1: Mean head weight in different irrigation systems
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Figure 2: Mean head weight in different irrigation duratioaad intervals under sprinkler irrigation

systems.
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Table 2: Mean head weight, mean plant height, mean headwidtan head height and mean root
length of K — Y cross variety.

Irrigation type  Mean head  Mean plant Mean head Mean head Mean root
weight (g) height (cm)  width (cm) height (cm)  length (cm)

Morning 1564° 28.922° 20.651° 13.693° 19.783°
sprinkler

Morning & 1648° 28.801° 20.371° 13.291° 19.526°
evening
sprinkler

Ridge & furrow 1132° 22.125° 18.812° 12.271° 17.833°

(Mean followed by the same letters is not signiittadifferent at 5%level).

Table 3: Mean head weight, mean plant height, mean headwidtan head height and mean root
length of green coronet.

Irrigation type Mean head Mean plant Mean head Mean head Mean root
weight (g) height (cm)  width (cm) height (cm) length (cm)

Morning 1686 34.718 16.906 15.65% 21.687
sprinkler
Morning & 1656 34.125 16.704 15.407 21.250
evening sprinkler
Ridge & furrow 962 30.687 14.408 13.042 18.958

(Mean followed by the same letters is not signifibadifferent at 5%level).

3.4 Groundwater saving

Table 4 shows the depth of water applied in simgigation and total water used during entire crop
growing season with mean head weight. The deptiatér application in each 15 min irrigation was
3.17 mm, 5.29 mm of water in 25 min irrigation &8@95 mm of water in ridge and furrow irrigation.
While comparing the depth of irrigation applied andan head weight, 15 min sprinkler irrigation
was more economic than other irrigations. The gawin69.31% of groundwater was accounted under
sprinkler irrigation system with 15 min durationngpared to ridge and furrow irrigation method.
Adaptation of sprinkler irrigation is more econoali@nd groundwater saving than the ridge and
furrow irrigation.

Table 4: Depth of water used during growing season

Treatment Depth of waterTotal depth of Mean head (g)
used (mm) water used (mm)

Morning — 15 min 3.17 380.85 1693.49

Morning — 25 min 5.29 634.75 1685.94

Morning & evening — 15 min 6.34 761.70 1672.1

Morning & evening — 25 min 10.58 1269.51 1647.45

Ridge & furrow 30.95 1238 1046.5

4.0 CONCLUSION

In yield parameters, mean head width, mean heaghtignean root length, mean head weight and
mean plant height were significantly varies amopgn&ler and ridge and furrow irrigation of Green
coronet variety. Mean head weight and mean plaigihbevere significantly varies among sprinkler
and ridge and furrow irrigation of K — Y cross ayi. Every day morning 15 minutes sprinkler
irrigation was suitable to cabbage crop under caled yellow latosol considering the head weight.
The saving of 69.31% of groundwater was accountetkuusprinkler irrigation system with 15 min
duration compared to ridge and furrow irrigationtinoel. Adaptation of sprinkler irrigation is more
economical and groundwater saving than the ridgef@amow irrigation.

International Conference on Sustainable Built Envionments (ICSBE-2010)
Kandy, 13-14 December 2010



89

References
Aheeyar, M.M.M., Kumara, S.K., Samarasingha, L.(¥005), “The application of micro irrigation
technologies in the small farming sector in Sri@hkResearch Study No; 113, Hector Kobbekaduwa
Agrarian Research and Training Institute, Colontril,anka.
De Silva, C.S., Rushton, K.R. (1996), “Interpritatof the behavior of agro-well systems in Sri kanusing
radial flow models”, Journal of Hydrological Scies; 41(6): 83 - 86
Dharmasena, P.B., Karunainathan, T. (2004), “Chearatics of regolith aquifers and their save ekiptmn
through agro-wells”, Annals of the Sri Lanka depent of Agriculture. 6: 79 — 87.
Gupta, K., Lantzke, N., Mcpharlin, I. (2001),v&uating sprinkler performance under windy corfig”,
‘WA Grower’, September, 2001.
Hassanli, A.M., Ahmadirad, S., Beecham, S. (201®yaluation of the influence of irrigation methodsd
water quality on sugar beet yield and water usieieffcy”, Agriculture Water Management, 97: 357-
362.
Jayapiratha, V., Thushyanthy, M., S. Sivakumad(®, “Performance evaluation of Okra under drigation
system”, Asian Journal of Agricultural Researchl@01-9.
Li, J., Li, B., Rao, M. (2005), “ Spatial and teampl distributions of nitrogen and crop yield aseeafed by
nonuniformity of sprinkler fertigation”, AgriculterWaste Management, 76: 160-180
Rajasooriyar, L., Mathavan, V., Dharmagunawardh&hd,, Nandakumar, V. (2002), “Groundwater quality
the Valigamam region of the Jaffna Peninsula, $nila. In: Sustainable groundwater management”,
Hiscock, K.M., Rivett, M.O. and Davison, R.M. (Ed&eological Society, Londan. 193: 181 — 197.
Sanchez, C. A, Roth, R. L., Gardener, B. R. (3994rrigation and nitrogen management for sprekl
irrigated cabbage on sand”, Journal of the Amerigaciety for Horticultural Science, 119, 427-433.
Sivanappan, R.K. (1987), “Sprinkler Irrigation”, @xd & IBH publishing company, New Delhi, India. P1b-
89.
Sivanappan, R.K. (1994), “Prospects of Micro-irtiga in India”, Irrigation and Drainage Systemd®:- 58.
Srimanne, C.H.L. (1967), “ Groundwater resourcethandry zone”, In studies on groundwater in Smhika
C.H.L. Srimanne memorial volume. S. Arumugam. (B) 117-126. Water Resource Board. Colombo.

International Conference on Sustainable Built Envionments (ICSBE-2010)
Kandy, 13-14 December 2010





