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ABSTRACT

Field experiment was conducted during the post rainy season of 1996-`97 at the field
of Water Technology Centre (WTC), Indian Agricultural Research Institute, New
Delhi, India to study the effect of irrigation given at variable soil moisture tension on
growth, consumptive use of water (CU), water use efficiency (WUE) and yield of
broccoli. The result revealed that the crop receiving irrigation in treatment
combination of higher soil moisture tension of 0.50 bar and 0.75 bar SMT during pre-
head stage and at lower SMT like 0.25 bar and 0.50 bar during post-head stage
produced relatively higher dry matter. Maximum dry matter of 5.12 tonnes ha-1 was
accumulated by the crop irrigated at 0.75 bar during vegetative and at 0.25 bar during
reproductive stage. In general, CU of water by the crop during post-head period was
proportionately higher than that of pre-head period in the treatment combination of
0.75 bar SMT at vegetative stage with 0.25, 0.50 and 0.75 bar soil moisture tension at
reproductive stage. The total yield of broccoli was significantly influenced more by
irrigation given at various SMT values during vegetative stage while it was less
affected by irrigation given during reproductive stage. As the crop is more sensitive
to soil moisture tension during vegetative stage compared to reproductive stage, it
has been observed that with increase in soil moisture tension from 0.25 to 0.75 bar
during vegetative stage increased the WUE from 2.38 to 3.49 kg head m-3 water use.
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INTRODUCTION

In India cultivation of Broccoli is mainly confined in the cold region and in the vicinity of the
metropolitan cities. Besides nutrient and other management practices, this crop requires
irrigation for successful growth and performance. Irrigation scheduling decisions have to be
based on the observations on soil plant atmosphere system. Such observations are quite
subjective and often production of plant material has already been hampered long before
physical signs of water-stress become evident (Hsiao, 1973). Undoubtedly, plant based
irrigation scheduling tools would be preferred because it is the plant moisture status which is
of greater interest. However, such tools are equipped with limited use in practical oriented
research works and farmers’ use (Edwards and Warwick, 1984) due to the fact that tools like
pressure bomb apparatus or heat pulse technique of cumbersome operation can still be used to
provide spot checks on the plant moisture status rather than continuous monitoring.

Soil based measurements can be made to infer the moisture supply of the soil. This is best
done by measuring soil moisture suction that indicates whether or not the plant is under any
moisture stress which is responsible for decrease in dry matter accumulation. In soil plant
atmosphere continuum soil moisture suction develops as a result of evapotranspiration
demand of the plant leaves and depends on the water balance in the soil and as such related to
the moisture content of the soil.
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In order to use the above mentioned tools effectively it is necessary to relate their
measurements somehow to the range of soil moisture suctions that ensures moisture stress
free growing posture. It is, therefore, preferred to measure the soil moisture suctions directly.
Tensiometers are the only tools that measure the soil moisture suction, the best indicator of
moisture status in a plant instantly as well as perfectly. For efficient use of water available for
irrigation, direct determination of soil moisture content by using soil moisture suction from
the standard curve is more important and this is done by study on tensiometry only. This can
be adopted to all types of soils with thorough conception about soils and modifications in the
leak values of ceramic cup. A pioneer work by Rubino et al. (1989) provided idea that
broccoli required 322 to 426 mm of water. As this crop is a recently introduced cole crop in
India, the number of agronomic works along with irrigation management is very limited.

MATERIALS AND METHODS

Field experiment was designed and conducted in a randomised block design with three
replications during the post rainy season of 1996-‘97 at the field of Water Technology Centre
(WTC), Indian Agricultural Research Institute, New Delhi, India to study the effect of
irrigation given at variable soil moisture tension on growth, consumptive use of water (CU),
water use efficiency (WUE) and yield of broccoli. A composite soil sample from 30 cm depth
was collected from the experimental site and analysis was done for determining physical and
chemical properties of soil. The soil was sandy loam having sand- 70.87 %, silt- 13.59 %,
clay-15.54%, neutral in reaction (pH-7.30), and low in organic matter content with 0.43 %
organic carbon. Nutrient status was, 152.60 kg ha-1 available N, 10.20 kg ha-1 available P2O5

and 270.20 kg ha-1 available K2O. Layer wise soil analysis was done and values of FC (17.62
in 0-15cm), PWP (7.46 in 0-15 cm) and BD (1.56 g cm-3) were measured.
Climatologically, the site attains a semi-arid and sub-tropical climate with extreme cold and
hot situations. Winter is cool with temperature reaching as low as 20 degree celsius. Foggy
cold weather is the common phenomenon during December and January with mean monthly
min. temperature of about 4 to 6 degree centigrade. Decline in temperature starts in October
and sharply declines henceforth till middle of February. Thereafter it increases till onset of
monsoon. The RH increase from June to September declines to a minimum in January. Mean
normal rainfall was 650 mm, majority of which was received in short spells during July to
September with an average of 480 mm (50 years’ average). Light showers to an average of 86
mm were expected during post monsoon season.
The crop was transplanted in 1st week of November, 1996 with the variety KTS 1 (or Pusa
Broccoli) in the plots of 3.6 m x 3.2 m size at 30cm x 40cm spacing. All the plots were
fertilized with 150 kg N ha-1, 50 kg P2O5 ha-1 and 40 kg K2O ha-1 in form of urea, single super
phosphate and muriate of potash, respectively. FYM was applied @ 20 tonnes ha-1 before
layout. Half the nitrogen, full SSP and MOP were applied as basal and rest of nitrogen was
applied at 20 DAT. Need based plant protection measures were taken.

Irrigation application
Irrigation was applied to plots when the plots attained the soil moisture tension readings as
per the treatments as follows.
T1 (0.25/0.25): Irrigation was provided at the stage of 0.25 bar soil moisture tension
(SMT) during both the pre- and post-heading stages.
T2 (0.25/0.50): Plots under this treatment were irrigated at 0.25 bar SMT during
pre-heading stage while 0.50 bar SMT was maintained from heading to final harvesting stage.
T3 (0.25/0.75): During pre-head stage irrigation was given at 0.25 bar SMT and that
was 0.75bar SMT at which plots were irrigated during post-head stage.
T4 (0.50/0.25): Irrigation at 0.50bar SMT at pre-head and at 0.25 bar SMT at post-
head stage were provided to the plots under this treatment.
T5 (0.50/0.50): Irrigation was given at 0.50 bar SMT at pre-head and at 0.50 bar SMT
at post head stage of the crop.
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T6 (0.50/0.75): Plots under this treatment were irrigated at 0.50 bar SMT during pre-
heading stage while 0.75 bar SMT was maintained from heading to final harvesting stage.
T7 (0.75/0.25): Irrigation was given at 0.75 bar SMT at pre-head and at 0.25 bar SMT
at post head stage of the crop.
T8 (0.75/0.50): Irrigation at soil moisture tension 0.75 bar during pre-head stage and at
0.50 bar during post-heading stage, respectively.
T9 (0.75/0.75): Irrigation at soil moisture tension 0.75 bar throughout the growing
season of the crop up to final harvest.

Tensiometer was 60 cm high and the cup was placed at the depth of 15 cm from the soil
surface. Preparation and calibration of the equipment was done in laboratory before
installation in the field. Treatment was imposed on 8th DAT. Parshall Flume was installed in
the experimental site to determine the amount of water applied to the plots. The saplings after
transplanting were watered in all the plots in order to have uniform initial crop stand and the
amount of water provided was measured.

Depletion of water
Water depletion from the soil was measured layer wise and irrigation was practised
accordingly following the principle described below.

Depth (cm) of water depletion (D) = )(
100

%)(%)(
cmxBDxdepth

PwBIPwAI 

Where,        AI (Pw %) = Moisture percentage after irrigation
BI (Pw %) = Moisture percentage before irrigation
BD            = Bulk density of the soil (gm cm-3)

The relative rate of water depletion by the crop was determined layer wise for the periods
between two successive sampling dates. This was done for each treatment separately.

Soil moisture content
The soil moisture content determination was done following the equation mentioned below.

% Soil moisture (weight basis) = 100
13

32
x

WW

WW




Where, W1 = weight of aluminium box
W2 = weight of box plus moist soil
W3 = weight of box plus dry soil

Soil samples were taken from 15 cm depth before and after irrigation in order to determine
layer wise moisture content.

Crop consumptive water use
Consumptive use (CU) was calculated by using the following equation.
CU = ET+ ER + S
Where, ET = Evapotranspiration

ER = Effective rainfall
S = Change in soil moisture during the crop growing period.

ET was monitored by taking sample from the experimental site at a regular interval.
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Water use efficiency
WUE was worked out following the equation,

WUE (kg head m-3 water used ) =
CU

Y

Y= Yield of economic produce
CU= Consumptive use of water

Dry matter production
Destructive plant sampling technique was followed for the study of periodic dry matter
accumulation in each plot from the area other than the area kept for final yield.

RESULTS AND DISCUSSION

Dry matter (DM) accumulation

In all the treatments, a rapid dry matter accumulation was found from 35 DAT onwards till
final harvest (Table 1).
Table 1. Progressive change in DM (tonnes/ha) of Broccoli as influenced by
irrigation based on soil moisture tension (SMT)

Treatment
(Veg./Repr.)

Days after transplanting
35 45 75 90

T1 (0.25/0.25) 0.23 0.26 2.39 6.97
T2 (0.25/0.50) 0.19 0.32 3.22 8.26
T3 (0.25/0.75) 0.15 0.37 3.20 7.16
T4 (0.50/0.25) 0.17 0.26 3.50 6.21
T5 (0.50/0.50) 0.21 0.51 3.70 6.83
T6 (0.50/0.75) 0.06 0.26 4.32 10.44
T7 (0.75/0.25) 0.13 0.52 5.12 10.74
T8 (0.75/0.50) 0.24 0.30 4.52 6.38
T9 (0.75/0.75) 0.28 0.61 4.01 7.05
CD at 5% 0.12 0.141 2.024 1.284

Total dry matter yield is a result of crop canopy efficiency and canopy area. Plant leaves are
primary organs responsible for intercepting solar radiation. So, as long as the leaf area of a
crop is less than the area of land on which it is growing, i.e. when LAI is less than 1.0, all the
incident solar radiation can not be intercepted by leaves. This situation prevailed for a longer
period during early part of the growing season. Hence, the total dry matter production was
low at the early stage of crop growth (Watson, 1952).

It is showed from the result that the crop receiving irrigation in treatment combination of
higher soil moisture tension of 0.50 bar and 0.75 bar during pre-head stage and at lower SMT
like 0.25 bar and 0.50 bar during post-head stage produced relatively higher dry matter.
Maximum dry matter of 5.12 tonnes per ha was produced by the crop irrigated at 0.75 bar
during vegetative and at 0.25 bar during reproductive stage. The higher dry matter
accumulation was due to more photo synthetically effective area, less leaf senescence, better
interception of photo synthetically active radiation (PAR) and efficient use of nutrient
(Beverly et al., 1986).

The crop growth with frequent irrigation at vegetative stage, in spite of attaining higher LAI
at 75 DAT, failed to produce more dry matter (Mandal, 1997). This was due to excessive
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vegetative growth which led to mutual shading and less net assimilation and consequently
lower economic yield. It was found that total dry matter accumulation increased till the end of
the growing season of the crop (1st week of February onwards). The increase in temperature
and relative humidity favoured the leaf area development in secondary branches and might
have influenced the efficiency of photosynthesis area which resulted in increase in dry matter
accumulation till final harvest. Such effect of temperature was in compromise with the
findings of Ludlow and Wilson (1971).

Water use of Broccoli
Consumptive Use

The consumptive use (CU) of water of broccoli varied from 140 mm to 194 mm during the
whole crop growing season (Table 2).

Table 2. Total CU of water of Broccoli (mm) for the whole growing season as
influenced by irrigation based on soil moisture tension (SMT)

Treatment
(veg./repr.)

Total CU (mm)

Pre-head stage Post-head stage Total
T1 (0.25/0.25) 109 45.46 154
T2 (0.25/0.50) 127 67.34 194
T3 (0.25/0.75) 118 52.98 171
T4 (0.50/0.25) 98.63 40.81 140
T5 (0.50/0.50) 90.90 67.49 158
T6 (0.50/0.75) 94.32 68.80 159
T7 (0.75/0.25) 77.82 85.49 153
T8 (0.75/0.50) 77.42 79.20 157
T9 (0.75/0.75) 77.11 83.34 160

When the crop was irrigated at 0.25 bar SMT during vegetative stage with different
combinations of SMT (0.25, 0.50 and 0.75 bar) during post- head (reproductive) stage
consumed highest amount of water (171mm) for its growth and reproductive purposes
followed by the CU value of 153 mm, 157 mm, when the crop was irrigated at 0.50 and 0.75
bar SMT during vegetative stage with different combinations of soil moisture tension viz.
0.25, 0.50 and 0.75 bar SMT during reproductive stage, respectively (Table 3).

Table 3. Total CU (mm) of Broccoli as affected by stages of growth and soil moisture
tension (SMT)

Reproductive SMT

Vegetative SMT
0.25 0.50 0.75 Average

0.25 154 195 171 173
0.50 140 158 159 152
0.75 153 157 160 157

Average 149 170 164

On the contrary, the CU of crop was highest (170 mm) at 0.50 bar SMT during reproductive
stage with different combinations of SMT at vegetative stage. The CU of crop was lowest in
the treatment combination of 0.25 bar at reproductive stage with different combinations of
SMT (0.25, 0.50 and 0.75 bar) at vegetative stage. It is evident from the table that CU value
of the treatment receiving irrigation at SMT of 0.25 bar at vegetative stage i.e. T1, T2, T3 was
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higher (173.3 mm) compared to that of irrigation level at 0.50 (152.4 mm) and 0.75 (157 mm)
bar SMT at vegetative stage.
It was obvious that the treatment combinations receiving irrigation at highest SMT level i.e.
0.75 bar at vegetative stage (T7, T8, T9) showed lowest CU (77.45mm) during early part of
vegetative stage (Table 2). The crop coverage was also relatively low up to 45DAT. However,
due to application of higher number and amount of irrigation to T1, T2 and T3 possibly lead to
proportionately higher evaporation rate compared to transpiration rate at early stage of
growth. On the contrary, late irrigation in 0.75 bar SMT at vegetative stage might have
matched with better canopy coverage of the crop, thus the CU of the crop was utilized better
through higher proportion of ET than that of evaporation from moist and exposed soil.

During post-head stage CU values of the treatments T7 (0.75/0.25 bar), T8(0.75/0.50 bar) and
T9 (0.75/0.75 bar) were higher compared to either T1, T2, T3 or T4 , T5 , T6 (Table 2). The CU
during post-flowering period was proportionately lower in case of the treatment combination
receiving higher amount of irrigation, compared to that of treatment combination with high
SMT. This was possibly because of lower dry matter production and CGR (Mandal, 1997).
Rubino et al. (1989) reported similar findings on this crop. During post head period, the CU
of crop was highest (85.4 mm) in the treatment T7. The treatment T7 which provided highest
yield, was found to attain less CU (77.8 mm) during vegetative and more CU value (85.4 mm)
during reproductive stage. In general, CU of crop during post-head period was
proportionately higher than that of pre-head period in the treatment combination of 0.75 bar
SMT at vegetative stage with 0.25, 0.50 and 0.75 bar tension at reproductive stage.

Head Yield of Broccoli

Treatment wise total head yield was computed and presented in tabular form (Table 4). The
total yield was significantly influenced by irrigation based on soil moisture tension at
vegetative and reproductive stages. Treatment with irrigation at 0.75 bar and 0.25 bar SMT
during pre-head and post-head stages, respectively, produced highest yield of 60.69 q ha-1 and
was followed by 51.69 q ha-1 obtained from the treatment at 0.75 bar and 0.50 bar SMT at
pre-head and post-head , respectively. Lowest yield was obtained from the treatment irrigated
at 0.50 and 0.75 bar SMT during vegetative and reproductive stages, respectively and the
yield was 33.71 q ha-1.

Table 4. Head yield of Broccoli showing influence of irrigation based on soil
moisture tension (SMT)

Treatment
(veg./repr.)

Head yield (q ha-1)

Primary head Secondary head Total
T1 (0.25/0.25) 23.61 14.62 38.23
T2 (0.25/0.50) 30.35 13.34 43.69
T3 (0.25/0.75) 28.88 12.30 41.18
T4 (0.50/0.25) 26.83 10.88 37.71
T5 (0.50/0.50) 28.88 13.27 42.15
T6 (0.50/0.75) 33.56 10.15 43.71
T7 (0.75/0.25) 47.17 13.52 60.69
T8 (0.75/0.50) 40.71 10.98 51.69
T9 (0.75/0.75) 39.97 11.60 51.57
CD at 5% 14.97 NS 8.67

The interaction effect of irrigation on Vegetative x Reproductive stages was significant (Table
5). The data revealed definite evidence of differential response of irrigation at vegetative
stage (based on 0.25, 0.50, 0.75 bar SMT) to the different SMT (0.25, 0.50, 0.75 bar) at
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reproductive stage. The interaction effect at three levels viz. 0.25, 0.50 and 0.75 bar SMT
both at vegetative and reproductive stages was significant in term of total head yield.
The total yield of broccoli was influenced more by irrigation given at various SMT  values
during vegetative stage while it was less affected by irrigation given during reproductive
stage. The highest average yield of the crop was obtained when irrigation was applied at SMT
of 0.75 bar during vegetative stage and significantly higher over 0.25 and 0.50 bar tension at
vegetative stage and at 0.25 bar during reproductive stage.

It was evident from the table (5) that irrigation based on SMT combination of 0.25 and 0.50
bar at vegetative and 0.50 and 0.75 bar at reproductive stage did not change the yield of the
crop significantly. However, in the irrigation treatment combination 0.75 bar at vegetative
stage and 0.25 bar during reproductive stage, yield of the crop was influenced significantly
over the treatment combination of 0.75 bar during vegetative and 0.50 and 0.75 bar at
reproductive stages. This finding indicated that crop required certain degree of moisture stress
during vegetative stage while it preferred lower soil water potential during reproductive stage
to produce higher yield. It was clear that broccoli preferred less frequent irrigation for
marketable yield production which was also evident from the results obtained by Camp et al.
(1993).

Table 5. Total Head yield of Broccoli as influenced by irrigation based on various
soil moisture tension (SMT) at pre- and post-head stages

Reproductive SMT

Vegetative SMT
0.25 0.50 0.75 Average

0.25 38.23 43.69 41.18 41.03
0.50 37.71 42.15 43.71 41.19
0.75 60.69 51.69 51.57 54.65

Average 45.54 45.84 45.49

Total yield was the cumulative function of LAI, CGR and above ground dry matter
production. The LAI value was sufficient; with minimum shading effect among the leaves, to
intercept maximum photo synthetically active radiation (PAR) to provide maximum CGR at
75 DAT, thus resulted in highest dry matter production as well as highest total head yield.

The treatments that were irrigated at relatively lower soil moisture tension values during
vegetative stage (0.25 bar and 0.50 bar SMT) produced less, notwithstanding higher
secondary yields. This disclosed that less irrigation at vegetative stage was more important for
yield and, as the vegetative phase was longer than post-head stage; dry matter accumulation
during this period determined the total yield to the greater extent. Water stress during
vegetative stage did not hamper the total yield except plant size only (Murer, 1976). It can
also be concluded that once the dry matter yield of crop is hampered due to high irrigation at
pre-head stage the crop would not be able to compensate that at post-head stage.

Water Use Efficiency (WUE)

Water use efficiency of the crop as determined by yield of head in Kg to cubic metre of water
used. The data on WUE of broccoli is presented in Table 6.

Table 6. WUE (kg head m-3 water use) of Broccoli as influenced by irrigations based
on soil moisture tension (SMT)
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Treatment
(Veg./Repr)

Water use efficiency
(kg head m-3 water use)

T1 (0.25/0.25) 2.48
T2 (0.25/0.50) 2.25
T3 (0.25/0.75) 2.40
T4 (0.50/0.25) 2.70
T5 (0.50/0.50) 2.66
T6 (0.50/0.75) 2.75
T7 (0.75/0.25) 3.97
T8 (0.75/0.50) 3.30
T9 (0.75/0.75) 3.21

As the crop is more sensitive to soil moisture tension during vegetative stage compared to
reproductive stage (Table 7), it has been observed that with increase in soil moisture tension
from 0.25 to 0.75 bar during vegetative stage increased the WUE from 2.38 to 3.49 kg head
m-3 water use. This crop performed better under higher moisture tension. As early as in 1972,
Levit also left the opinion in the similar line of thoughts.

Table 7. WUE (kg head m-3 water use) of Broccoli as influenced by irrigation based
on various soil moisture tension (SMT) at pre- and post-head stages

Reproductive SMT

Vegetative SMT
0.25 0.50 0.75 Average

0.25 38.23 43.69 41.18 41.03
0.50 37.71 42.15 43.71 41.19
0.75 60.69 51.69 51.57 54.65

Average 45.54 45.84 45.49

However, during reproductive stage, moisture tension of 0.25 bar produced highest WUE that
was comparatively higher than that of 0.50 and 0.75 bar SMT. This was possibly because of
proportionately higher yield (49.2 q ha-1) obtained from a comparatively low CU value during
the crop growing period.

CONCLUSION

This was the experiment aimed to the primary study on irrigation scheduling based on soil
moisture tension on broccoli. To the best of our knowledge and belief, this type of effort on
water management in this crop in India was the first. However, exhaustive further work is
required to draw the ultimate inference on the subject.
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