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AB STRACT : The study was car ried out at the Col lege of For estry & Hill Ag ri cul ture, Hill
Cam pus, Ranichauri, Uttarakhand. Soil mois ture con tent was mea sured us ing gravimetric
method pe ri od i cally in 0-15, 15-30, 30-45 and 45-60 cm soil pro files. Field ex per i ments were
con ducted on cau li flower (Bras sica oleracea) crop dur ing 2007-08 and 2008-09. The crop was
trans planted in Oc to ber and har vested in Feb ru ary span ning 100 and 99 days, re spec tively. Four 
ir ri ga tion treat ments were main tained based on the max i mum al low able de ple tion (MAD) of
avail able soil wa ter. The treat ments were 15% (T1), 30% (T2), 45% (T3) and 60% (T4) max i mum
al low able de ple tion of avail able soil wa ter. No wa ter stress was main tained at the ini tial stages of 
the crop de vel op ment in or der to al low the plants at tain a healthy growth. Results re vealed that
ir ri ga tion sched ule with 45% max i mum al low able de ple tion of avail able soil wa ter gave the
max i mum wa ter use ef fi ciency for cau li flower crop. It was found that for sched ul ing of ir ri ga tion
for cau li flower crop 0-30 cm soil pro file should be con sid ered as most of the wa ter was found to
be ex tracted from this layer by the plant.
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Cau li flower is one of sev eral veg e ta bles in the
spe cies Brassica oleracea, in the

fam ily Brassicaceae. It is an annual plant that is
re pro duced by seed. Typ i cally, only the head

(the white curd) is eaten. The cau li flower head is

com posed of a white in flo res cence meristem.

Cau li flower heads re sem ble those in broc coli,
which dif fers in hav ing flower buds. Its name

co mes from Latin word cau lis (cab bage) and

flower, Bras sica oleracea also in cludes cab bage,

brussels sprouts, kale, broc coli, and col lard greens,

though they are of dif fer ent generic cultivar groups.

Cau li flower is one of the most pop u lar crop
through out the world. It thrives well in all soil
tex tures that have good in ter nal drain age. It is
rel a tively sen si tive to soil wa ter def i cits.
Cau li flower needs fre quent ir ri ga tions for its good
growth and yield (Rangarajan, 8). 

The wa ter re quire ment var ies widely from
crop to crop and also dur ing the pe riod of growth of 
in di vid ual crop (Doorenboss and Pruitt, 2). In case
of sit u a tions where wa ter sup ply is lim ited, the

ir ri ga tion de mand of the en tire crop ping pat tern can 
not be met fully. In these con di tions, de lib er ate
un der ir ri ga tion, also known as def i cit ir ri ga tion
can play a ma jor role (Iqbal et al., 5). By def i cit
ir ri ga tion, crops are pur pose fully un der ir ri gated
dur ing plant growth stages that are rel a tively
in sen si tive to wa ter stress as re gards to the qual ity
and quan tity of the harvestable yield (Musick, 7).
Iden ti fy ing growth stages of a par tic u lar cultivar
un der lo cal con di tions of cli mate and soil fer til ity
al lows ir ri ga tion sched ul ing for both max i mum
crop yield and most ef fi cient use of scarce wa ter
re sources (Doorenbos and Kassam, 3). 

With these back ground con sid er ations a
com pre hen sive field in ves ti ga tion was un der taken
on a silty clay loam soil at the ex per i men tal fields
of Ag ri cul tural En gi neer ing Sec tion, Hill Cam pus,
Ranichauri, Tehri-Garhwal, Uttarakhand.  The
ex per i men tal crop cv. Pusa Snow ball of cau li flower 
was se lected, which is a pop u lar va ri ety of the
re gion. The ef fects of var i ous sched ul ing of
ir ri ga tion on the pro file soil wa ter sta tus, crop yield, 
bio mass and wa ter use ef fi ciency were stud ied.
Ir ri ga tion sched ules were based on 15, 30, 45 and
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60 % max i mum al low able de ple tion (MAD) of
avail able soil wa ter (ASW).

MA TE RI ALS AND METH ODS

The present study was carried out at the
experimental terraces of the Agricultural
Engineering Section, College of Forestry & Hill
Agriculture, Hill Campus, Ranichauri,
Uttarakhand, India. The field is located on a sloping 
terraced land situated at an altitude of 1850 m
above mean sea level. Ranichauri is intersected by
30° 18’ N latitude and 78° 24’ E longitude. The
local climate is sub-humid in temperate zone with
an average rainfall of 1240 mm concentrated over
the months of June to September. During both years 
experiments, the temperatures were generally
moderate and suitable for the growth of cauliflower
crop. The physical properties of the soil of
experimental field used for cauliflower crop were
as given in Table 1.

Field ex per i ments were con ducted on cultivar
‘Pusa Snow ball’ of cau li flower, which is a pop u lar
100-120 days veg e ta ble crop of the lo cal ity and
suits to the pre vail ing cli mate of the re gion. Wa ter
def i cits dur ing the pe riod of curd for ma tion have
the great est ad verse ef fect on the yield of the crop,
whereas early veg e ta tive and mat u ra tion pe ri ods
are less sen si tive (Doorenbos and Kassam, 3). The
first field ex per i ment was con ducted dur ing the
pe riod from 20th Oc to ber 2007 to 27th Jan u ary 2008. 
The sec ond ex per i ment was con ducted dur ing 26th

Oc to ber 2008 to 1th Feb ru ary 2009. 

Field lay out and ex per i men tal de tails

Cau li flower was grown in a ter raced land of
180 m2 area. The field was di vided into 20 plots of
3 m x 3 m size. Farm Yard Ma nure (FYM) was
mixed man u ally with top 20 cm of soil layer at the
rate of 20 kg/ha 10 days be fore trans plant ing.
Sec ond dose of FYM was ap plied at the time of
curd for ma tion (30 days af ter trans plant ing) at the
rate of 10 kg/ha. The trans plant ing was done at a
spac ing of 60 cm (row to row) and 60 cm (plant to
plant) dur ing both years’ ex per i ments.

Ir ri ga tion treat ments and sched ul ing

The ir ri ga tion treat ments dur ing ex per i ments
con sisted of ir ri ga tion sched ul ing based on
max i mum al low able de ple tion (MAD) of avail able
soil wa ter (ASW) cri te ria, which was as : T1 = 15%
max i mum al low able de ple tion (MAD) of avail able

soil wa ter (ASW), T2 = 30% MAD of ASW, T3 =

45% MAD of ASW and T4 = 60% MAD of ASW.

Ir ri ga tion sched ul ing was based on the
per cent age de ple tion of avail able soil wa ter in the
root zone. The avail able soil wa ter was taken as the
dif fer ence be tween root zone wa ter stor age at field
ca pac ity and per ma nent wilt ing point. For
es ti mat ing wa ter stor age the ef fec tive root zone of
cau li flower crop was con sid ered as 45 cm (Allen et
al., 1), ir re spec tive of growth stage. Us ing the data
of soil mois ture mea sured gravimetrically, the
per cent age de ple tion of avail able soil wa ter in the
ef fec tive root zone was es ti mated. The plots were
ir ri gated us ing a hose pipe and a wa ter me ter to give
the ex act vol ume of wa ter. 
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Ta ble 1.Phys i cal prop er ties of soil pro files of the ex per i men tal field.

Soil depth 
(cm)

Particle size distribution (%) Bulk density (g/cc) Saturated hydraulic
conductivity (cm/day)

Clay Silt Sand

  0-15 30.0 29.5 40.5 1.60 15.2

15-30 32.2 33.3 34.5 1.55 10.3

30-45 34.8 35.8 29.4 1.57 3.3

45-60 34.9 32.1 33.0 1.62 2.5

60-90 35.7 34.0 30.3 1.65 1.6
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Data col lec tion

For the study of wa ter bal ance, crop and
bio mass re sponse to def i cit ir ri ga tion and wa ter use
ef fi ciency, the data on pro file soil mois ture con tent
and the growth at trib utes of the crop un der
con sid er ation was col lected. In or der to as sess the
change in soil wa ter bal ance, soil mois ture was
mea sured in 0-15, 15-30, 30-45 and 45-60 cm soil
pro files. The mois ture con tent of soil lay ers were
mea sured gravimetrically. Mois ture mea sure ments
were taken on ev ery al ter nate day. 

RE SULTS AND DIS CUS SION

In order to assess the depth and time variation
of soil moisture under different scheduling of
irrigation, soil moisture was measured periodically
in 0-15, 15-30, 30-45, 45-60 and 60-90 cm soil
profiles during both the experiments. 

Depth and time vari a tion of soil mois ture 

The tem po ral vari a tions of soil mois ture in the

root zone and be low the root zone of the

ex per i men tal crop are pre sented in Fig. 1. The

fig ures re veal that the soil mois ture ex pe ri enced a

cy clic tem po ral vari a tion at all soil depths. This

trend was ob served ir re spec tive of the level of

ir ri ga tion (MAD level). The am pli tude of this

cy clic vari a tion (Fig. 1) was higher in up per lay ers

than in lower lay ers. In ex per i ment 1, there was a

rapid de cline of soil mois ture in 0-15 cm soil pro file 

at 82 days af ter trans plant ing (DAS) to the end of

growth pe riod. The lower lay ers of 15-30, 30-45,

45-60 and 60-90 cm soil pro files also ex hib ited a

grad ual de cline in that or der upto the end of the

growth pe riod. The de cline was quite slow in 60-90

cm soil pro file. The am pli tude of cy clic vari a tion

was more in 0-15 cm soil pro file be cause most of

the ap plied ir ri ga tion wa ter was lost through

evap o ra tion from the soil sur face be side the

tran spi ra tion. In ad di tion to this, a por tion of the

ap plied ir ri ga tion wa ter per co lated to the lower

lay ers also. Since the fre quency of ir ri ga tion was

high un der T1, plants ex tracted more wa ter from the 

up per lay ers. There fore, 15-30, 30-45 and 45-60 cm 

soil pro files did not ex hibit much cy clic vari a tion.

This trend was ob served in both the ex per i ments. 

In re sem blance to the tem po ral vari a tion of
soil mois ture un der T1, soil mois ture in 0-15, 15-30, 
30-45 and 45-60 cm soil pro files un der 30% MAD
(T2) also ex hib ited cy clic pat tern (Fig. 1).
Con tin u ous sharp de clines of soil mois ture in all
soil pro files were ob served on 82 DAS. The
mag ni tude of cy clic vari a tion was higher in 30-45
and 45-60 cm soil pro files as com pared to sim i lar
lay ers of T1 dur ing both the crop sea sons (Fig. 1).

High am pli tude of cy clic vari a tion was noted
in all soil pro files of the root zone un der 45% MAD 
(T3). Since the ir ri ga tions were sched uled at 45%
MAD, the plant roots pen e trated deeper in search of 
wa ter as it was not ad e quate in the up per soil lay ers. 
The tem po ral vari a tion of soil wa ter was ob served
to be sim i lar dur ing both the ex per i ments. The
tem po ral vari a tion un der T3 ex hib ited cy clic pat tern 
upto 84 DAS in 0-15 and 15-30 cm soil pro files
dur ing ex per i ment 1, while 30-45, 45-60 and 60-90
cm soil pro files showed a grad ual de cline on 68
DAS. A sim i lar trend was ob served dur ing other
ex per i ment also.

Con sid er able soil mois ture fluc tu a tion was
ob served un der 60% MAD (T4) sched ule. All soil
pro files ex hib ited dis cern ible cy clic vari a tion, with
con sid er ably low am pli tudes in the lower depths as
com pared to those ob served at up per depths. This
was as cribed to the large vol ume of wa ter ap plied at 
a time dur ing ir ri ga tion.

The 60-90 cm soil pro file tended to re main
steady upto the last ir ri ga tion ap plied, af ter which it 
de creased only mar gin ally dur ing the re main ing
growth pe riod. Soil mois ture be low the root zone
(60-90 cm soil pro file) of the ex per i men tal plots
ex pe ri enced min i mum cy clic vari a tion with time. A 
slight con tin u ous de cline was ob served when
ir ri ga tions were dis con tin ued. This trend was
ob served dur ing both ex per i ments, confirming to
results of Kashyap and Panda (6).
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Table 2.Water use efficiency (WUE) of Cauliflower crop under different scheduling of irrigation during experiments 1
       and 2.

Expt. No. Treatments Fresh yield ET Irrigation Crop-WUE Field-WUE

kg/ha mm mm kg/ha/mm kg/ha/mm

1 (2007-08) T1 12320 218 210 76.45 79.37

 T2
12300 200 182 75.00 82.42

T3 13220 180 159 78.70 89.10

T4
11980 181 142 69.06 88.03

2 (2008-09) T1 14800 200 202 75.00 74.26

 T2
14600 198 175 68.18 77.14

T3 14760 165 156 77.27 81.73

T4
14320 160 121 70.31 92.98
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Figure 1: Profile soil moisture content at different soil profiles at 15% MAD (T1) 
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Figure 1: Profile soil moisture content at different soil profiles at 30% MAD (T2) 
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Crop wa ter use ef fi ciency 

The crop wa ter use ef fi ciency was taken as the 
ra tio of the fresh yield and the crop
evapotranspiration. The re sults per tain ing to wa ter
use ef fi ciency of the cau li flower crop un der
dif fer ent sched ul ing of ir ri ga tion dur ing crop
ex per i ments 1 and 2 (Ta ble 2) revealed that the
high est crop wa ter use ef fi ciency was at tained
when the ir ri ga tion was sched uled at 45% de ple tion 
of ASW (T3).  A ris ing trend of crop wa ter use
ef fi ciency was no ticed from T1 to T3 and af ter that it 

de creased for T4 and T5 as the ir ri ga tions were
de layed. A sim i lar trend was ob served dur ing both
crop sea sons.

Field wa ter use ef fi ciency

The field wa ter use ef fi ciency was es ti mated
in terms of fresh yield ob tained per unit of land
used and per unit of wa ter avail able to the field. The 
re sults (Ta ble 2) re vealed that the high est field
wa ter use ef fi ciency was at tained when the
ir ri ga tion was sched uled at 45% de ple tion of ASW
(T3).  Sim i lar to crop wa ter use ef fi ciency, a ris ing
trend of field wa ter use ef fi ciency was no ticed from

T1 to T3 af ter that it de creased for T4 and T5 as the
ir ri ga tions were de layed. This trend was same
dur ing both crop sea sons. Field ex per i ments
con ducted dur ing both crop sea sons re vealed that
ir ri ga tion sched ule with 45% max i mum al low able
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Figure 3: Profile soil moisture content at different soil profiles at 45% MAD (T3) 

 
Profile Soil Moistute Content at treatment T4
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Figure 4: Profile soil moisture content at different soil profiles at 60% MAD (T4) 



de ple tion of avail able soil wa ter could safely be
main tained dur ing the non-crit i cal stages to save
wa ter with out sac ri fic ing the yield.

CONCLUSIONS

The re sults of the study re vealed that un der
wa ter scar city con di tions, when soil wa ter stress is
im posed dur ing non-crit i cal stages of growth,
ir ri ga tion is to be sched uled at 45% max i mum
al low able de ple tion of avail able soil wa ter for
cau li flower crop grown in silty clay loam soils in a
sub-hu mid and tem per ate re gion. A soil wa ter stress 
of 45% MAD gives the high est crop wa ter use
ef fi ciency as well as field wa ter use ef fi ciency.
Only 0-30 cm of soil pro file is to be con sid ered for
sched ul ing of ir ri ga tion for cau li flower crop grown
in a silty clay loam soils, since most of the wa ter
used by the crop is ex tracted from this layer.
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