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of the potential, nearly 40-50% of the cultivated area will remain under rain-fed.
Therefore it is necessary to economize the use of water for agriculture 10 bring more
area under irrigation, reduce the cost per hectare of irrigation and increase the
productivity. This can be achieved by introducing advanced irrigation method like
micro-irrigation and sprinkier-irrigation method (Imtiyaz et a/., 2000). Appropriate
Irrigation scheduiing is o increase irrigation efficiencies by applying the exact
amount of water needed to replenish the soil moisture to the desired ievel, 10 save
water resources and energy. Therefore, it is important to deveiop irrigation
scheduling techniques under prevailing climatic conditions in order o utilize sc ce
water resources effectively for crop production. Numerous studies were carrieg. ou?
in the past on the development and evaluation of irrigation scheduling techniques
under a wide range of irrigation systems and managemeni, soil, crop and agro-
ciimatic conditions. The meteorological-based irrigation sct iuling approacn sucn
as pan evaporation replenishment and cumulative pan evaporation have been used
by meny researchers due to its simpiicity, data availability and higher degree of
adoptability at the farmer's ievel (Prihar et af., 1974; Singh 1987: Singh and Mchar
1994 imtivaz et ai., 2000a, b. cj. Surface irrigation such as furrow, check basin anc
vorger are the most common methods in india. The overalt efficiency of surface

irngation is considerably iow {33%) and around 67% of water is wasted. The iow

efficiency may be accounted for in part by »nvenience loss due io age
evapc _tionand: -beneficial use of phretopnytes of wa.  due to inadequate iand
ore__-ation ana iack of farmers’ knowhow in appiication of wa ¢ qquent with

excess application and de ) percolation. Drip irngation is the mc  effic wn  hea
¢ determine water and nutrient to the piants, due tc increasing vx./ater scarciiies for
irrigation, industrial as weli as domestic purposes. Our farming community has nc
option except to adopt methods such as drip ang micre-sprinkier ic meet the rnsing
demand for foods, for human and livestock popuiation which can ¢ achieved by
increasing the production per unit area. Broccoli is @ member of the Crucifereaceae
or cole crop family and thus it is reiated to cabbage. cauiifiower. and brusse:
sprouts. Broccoli is rich in vitamins and minerals. in view of this. ihe present stuay

has been taken up to examine the effect of irrigation methods and scheduies on
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Jiameisr and LBPzZ of 12 mm diameier were Jsed for main, sub-main and latera:
iines respectively. in the case of cneck-casmn method. water was applied througr
pipe conveyance system. In micro-sprinkier system, piants were irrigateu at a rate
of 17 hters/h. in the case of drip-irrigation method, plants were irrigated at a ... of
gap 4 liters/h. The crop was harvested from 18" February to 26" Marcin 200c.
depending upon the maturity of primary and secondary flowers. The harvesiing was

done manually.

In order 10 asses the economic viability of d rent irrgation sysiems unc  variabie
irrigation. poth fixed and operating costs were inciu¢c . The total costs of
production. gross return and net return under different irrigation ievels were
estimated under the following assumptions.

Salvage value of the components = 0

C

Useful life of tube well, pump, motor & pump house = 25 vears

Useful life of drip & micro-sprinkier systems = 3 years

Usetui iife of open channei conveyance systems = £ years

Useful life cf weeding & spraying equipmenis = 7 years

interest rate = 14%

Repair and maintenance = T 5%

Number of crops per year = 2

The fixed cost inciudes tube-well, pump, motor, pun -house anc i ion ¢ T8
PVC pipe for main and sub-main and " “F™ pipes for , filter, ferti ank

pressure gauge. water meter. drippers, spraying and weeding ¢ J4ip 2NIS anc
other accessories were calcuiated. The annual fixed cost for  gation system was

calcuiated by the following approach (James and Lee, 1971)

P )"
CRF =
(1+)" -
where
CRF = capitai recovery facior
i interest rate (fraction;
n = usefui life of component (years;
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Annua: fixed cost! ha = CRF x fixed cost/ha 2

Annuai fixed cost/ha

Annua fixea cost/ha/season =

W

z
ThE 2UETEUNC Z0SI WRICH iNCIUGes iabor (sysiem insialiation. fertilizer and chemical
ADOHCETON EnC aarvesting etc), ianc preparation. seec. fertilizer, chemicals
insecticides and pesticides), water-pumping ieleciricity; and repair anc
mainienance (tube-weil, pump, mMotor, pump-nouse. irrigaticr sysiem and pipe
conveyance system eic) was estimated. The gross rewrn for different irrigation
methods and sci {ules was calculatec taking In1o consideration the marketaoie
vie . ana wholesale price of Broccon. Subsequently, i aet return for Broccoit was

cardizied considening the total cost of proauction (Fixed + Operatingy and gross

[Nt
Nesicurn (USSha) = Gross return — Totai cost of production 4

Tre Dbenefit cost ratic (B/C) urcer different irrigation methods ana
sonest  wes caiculated as follows:

Gross return

B/C = 2
Tota! cost of production
Resuits and Discu¢ on
Yieid, yieid component and irrigation production efficiency
Yieid. yielc component and irrigation production efficiency of Broccoll as ce

by different irngation methods and schedules 2 presented in Tabie 1. irngaucn
ievei significantly infiuences the mean flower weight and marketable yieid of primary
and secondary flowers but it gaoes not infiience the number of flowers per square
meter. Tne mear marketaoie yield of primary fiowers for <. crent ¢ _ation
scneguies ranges from 14.32 1¢ 23 .44 tonnes/ha. The nigher mean marketable vieic
of primary flowers {23.44 {ocnnes/ha) was optainec when irrgation during <rop
growing seasonr was applied at 150 percent of pan evapcration repienisnment. A

furtner increase 'n irigation ievel resuiting from 200 percent Of pan evapcration
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replerushment reduced the marketabie vield of prnimary flowers (2% G2 tones/ha)
sighificantly due fo significant regucia, it: numboer of primary flowers/m* and mean
fiower weght. The marketabie yield of secondary flowers ranges from 2.22 to 5.50
fonesfha. The marketable yweld of secondary flowers {(5.50 tones /ha;y was higher
when irmigation during crop growing season was applied 2t 150 percent of pan
evaporation repienishment. A further increase in irngation leve! significantly reduced
the marketable yield of secondary ficwers (3 53 tones/ha),

The irnigation level had marked effect on irrigation productioh efficiency of Broc ™1,
which ranges from 5,72 10 15.04 kg/m . The significant higher irngation or¢  iction
Mency 15.04 kg/m?’ was recordrc with irrigation at 150 percent of pan
Svaporation replenishmen!, hecauss reduction in marketable vield was less as
compared to seasonal water applied. Minimum irmgation production efficiency «5.7¢
kg/ha) was recorded when irrigation during crop-growing season was applied at 200
percent of pan evaporation repienishment yield (Table 1). The mean marketable
yield of primany flowers was significantly higher for drip- irrigation metnod, followec
by micro-sprinkler and surface-irrigation methods Drlp ar mzc*a-sprmme,
methods < “ulted in significantly higher irrigation proouctlon efﬂc:er ) ‘«16.34
kg/m"). The surface-irrigation met:hod resufted in  inimum irrigation production
sfficiency (8.62 kg/m°) due tc co derably low marketable yieid of p  ary ang
- secondary flowers , . abie 1).

Economic return

e fotal cost of production, gross return, net return ang benefit-cost ranc of
Broceoli in refation to irrigation methods and schedules are presented in Tabie 2
The total cost of production increased siightly with an increasing irrigation level due
to increase in pumping cost induced by variation in seasonai water appfication, The
total cost of production for drip, micro-sprinkier, surface-irrigation methods varied
from 2025.54 to 2119.83,1511.00 to 1605.28 and 1305.88 to 1400.08 US%/ha
respectively. The cost of production in drip-irrigation was consicerably higher
comg ‘ed with micro-sprinkler irrigation mainiy due to vanation in irng  jon sysiam
cost.
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when irrigation during crop-growing seasor was appiled at 150 percent of par
evaporation replenishment. A further increase in irrigation ievel resuiting from 20C
percent pan evaporation replenishment reduced the net return considerably due G
reduction in gross return. Micro-sprinkler irrigation method gave higner net return:
compared tc drip-irrigation because of iower system cost. The benefit-ces: rato for
drip, micro-sprinkier and surface-irrigation metheds rangea from 2.53 10 ¢.o.. 3.76
to 570 and 3.27 to 4.89 respeciively. The benefit-cost ralio increasec with an
‘ncrease in irrigation level. lrrigation ar 20C percent of pan evap ton
replenist.._.ent reduced the benefit-cost ratio considerably, because it reauced th

gross return but increasea the total cost production.

Water supply and yield

The re 1onship between seasonal water appiied and marketabie vieid of Broccoi

for dnp. micro-sprinkler ana surface-irrigation methcas a  presented in Figure

-

'

Despite some variation, the seascna: water appliec and marketable yieid of Broccol

for drip- (R® = 0.9527:, micrc-sprinkier (R* = £.9698} ancd surface-(R° = 2.366%;
irrigation methods exnibitea strong guaaratc reiaticnshig.
The marketable yield of Broccoii increased with increase in seasona opiied

up to 310 mm for drip. micro-sprinkier ana surface-irngation methods r Jectively.

and there ‘“ter the yield tendec t.. woins (kg t)
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Plg .2 Relationship between sesonal water applied (W) and marketable yvicild (W) of
broccoli for different irrigation methods
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The resuits show that irr;gaiéon ar 150 nercent of pan 2vaporation replenisnment
gave a significantiy nigner markeiabie yi2i¢ of primary and secondary flowers of

Broccoii bu irrigation productiorn efficiency was higher when crop was irrigated

~

W

150 percent 2f par =svaporafion regenishment Orip-grigauon merhoc results n

inghest ™ kelanc .20 ano 7oy

S)/

gbor reoonon Zihiciency. oilowed h\‘ SO

sprinkler irrfigatcn methos,

The ..zaudlts also ¢ irly suggest that i order {0 obtain nigher ...arketable flower-
yield, irngation production efficiency andg ne: rwurn oF Broccoli auring winter growin

season (November to March). the crop shouid oe irrige 1~ 150 percent of pan
evaporation replenishment with drig. or micro-sporinkler  irmigation method
rurthermore, the irrigation management-appreacn using USWE class A open-pan
evaporation data is the most common ana simple, whicn can be easily adopted for
fruit, field and vegetable crops. in spite of the high initial cost, the micro-irngation
system for Broccoli production in this region is highly profitable. The clogging of
drippers and sprinkiers is the major concerr, bui it can be maintained by using
appropriate filters. chemicals and flusning out main. sub-main and iaterai iines

reguliarly
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