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A field experiment was conducted at the Instructional farm, College of Agriculture, Vellayani, Kerala, during
February-May 2021 to evaluate the efficacy of micro irrigation and mulching on the growth and root parameters
of tomatoes grown in rain shelter. The treatments include different types of micro irrigation (i1- rain hose; i2
-surface drip; i3-sub surface drip at 10 cm; i4-sub surface drip at 15 cm; i5-sub surface drip at 20 cm) as the
main plot treatments and mulching (m1-no mulch and m2-organic mulch) as sub plot treatments. Dry banana
leaves @10 t ha-1 was applied as organic mulch. The results revealed that the sub surface drip irrigation at
a depth of 10 cm (i3) significantly influenced the growth parameters of tomato such as plant height, number
of branches, dry matter production, and root-shoot ratio. Plant height, number of branches, dry matter
production were the highest in the treatment (i3) sub surface drip irrigation at 10 cm depth. The root parameters
of tomato such as root depth and root volume were significantly influenced by types of micro irrigation. Sub
surface drip irrigation at 20 cm (i5) recorded the highest root depth whereas the highest root volume was
obtained in sub surface drip irrigation at 10 cm depth (i3). The uptake of nutrients viz., N, P and K was highest
in sub surface drip irrigation at 10 cm depth (i3). Between mulches, organic mulching with dry banana leaves
@ 10 t ha-1 increased the growth, root attributes and nutrient uptake in tomato compared to no mulch.
Key words : Micro irrigation, Tomato, Sub surface drip, Rain hose, Surface drip, Organic mulch, Root depth,

Root volume, Nutrient uptake.
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ABSTRACT

Introduction
Tomato (Lycopersicon esculentum Mill.), also

referred to as “poor man’s orange,” is a well-liked
solanaceous vegetable that is grown throughout the
world’s tropics and subtropics. Due to its broad
adaptability to various agroclimatic conditions, it is grown
extensively in almost all regions of India. In terms of
area and processing, tomatoes are the second most
significant vegetable crop in the world. Tomato is regarded
as protective food because they are rich sources of
vitamins A and C, dietary fibers, minerals and organic
acids. The natural antioxidants, lycopene and carotene
found in tomatoes are proven to lower cancer and
cardiovascular disease risks; hence consuming one

tomato per day is extremely beneficial to human health
(Singh et al., 2021).

Tomatoes are always in high demand to satisfy the
requirements of the culinary and processing industries.
Considering the high demand, the productivity of tomato
needs to be boosted. The major impediments to enhanced
tomato production technology include the unavailability
of improved seed at the time of sowing, lack of irrigation
water, high cost of irrigation, lack of disease resistant
varieties, and lower prices at harvesting time (Jat et al.,
2012). Water is one of the major constraints that have a
considerable impact on the quality and output of tomato.
Use of good quality seeds and fertilizers even fails to
achieve their full potential, if the crop does not receive
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optimum irrigation. Being a tropical plant, it requires a
constant supply of water and hence scarcity of water
can adversely affect crop growth and yield (Kumar and
Khanna, 2019).

Water is a critical input in developing countries like
India. The pressure on water resources increases as
population grows and development calls for larger
allocations of groundwater and surface water for the
domestic, agricultural, and industrial sectors. The
agriculture sector alone consumes approximately 83 per
cent of all available water. About 50-70 per cent of water
is wasted through conveyance, evaporation, and field
losses in conventional irrigation methods. As a result,
water resources should be utilized more efficiently and
productively. This could be accomplished by implementing
improved irrigation techniques and better water
management strategies (Kumar and Kumar, 2020). Micro
irrigation is one such approach that is gaining momentum
to address water scarcity.

Micro irrigation, also known as localised irrigation, is
a novel method of irrigation that ensures a consistent
supply of water in the crop zone, resulting in water savings
of 30 to 70 per cent in various orchard crops and
vegetables along with 10 to 60 per cent increases in yield
compared to conventional methods of irrigation (Zaman
et al., 2001). Drip irrigation is the practise of slowly
dripping a tiny amount of water into the soil surface or
directly onto the root zone of plants using a network of
valves, pipes, tubing, and emitters (Kumari and Kaushal,
2014). Drip irrigation can be made more versatile for
irrigating a variety of agronomic, horticultural, and fruit
crops by putting the laterals below the soil surface, which
is known as sub surface drip irrigation. Rain hose irrigation,
also known as rain pipe irrigation, is a new low-cost spray
irrigation that delivers water in precise amounts, ensuring
a consistent water flow. It’s simple to set up, and it’s less
expensive to run than drip and sprinkler irrigation systems.
Other advantages include reduced leaching losses, less
clogging, increased water efficiency and portability from
one location to another (Ayyadura et al., 2020).

In addition to the improvement of irrigation systems
and schemes, the assessment of crop management
strategies can also lead to more efficient and sustainable
agricultural water management (Mancosu et al., 2015).
Mulching is one of the water management strategies
proposed to boost water use efficiency. Organic mulches
are eco-friendly, provide organic matter to the soil,
maintain the ideal soil temperature, minimize soil erosion,
prevent weed growth and reduce unproductive
evaporation from the soil surface (Ranjan et al., 2017).
Crop residues from previous crops are readily available

in fields, so mulching is cost effective and farmers can
benefit from organic mulch in a variety of ways. Hence,
there is a wide scope for the practice and usage of organic
mulching in crop production for the conservation of natural
resources like soil and water. Keeping the above aspects
in consideration, a field trial was undertaken to evaluate
the efficacy of different micro irrigation methods and
mulching on the growth and root parameters of tomato.

Materials and Methods
A field experiment was conducted at the Instructional

Farm, College of Agriculture, Vellayani,
Thiruvananthapuram, Kerala, from February to May,
2021. The farm is situated at 8.50 North latitude and 76.90

East longitudes at an altitude of 29 m above mean sea
level. The soil of the experimental site was found to be
sandy clay loam, high in organic carbon (1.21%), medium
in available N (252 kg ha-1), high in available P (68.2 kg
ha-1) and medium in available K (242 kg ha-1) and had
slightly acidic pH (6.1), with field capacity of 19.25%
and permanent wilting point of 7.63%. The tomato variety
Vellayani Vijai, released from the College of Agriculture,
Vellayani was used as the test crop for the study. The
experiment was laid out in split plot design with five types
of micro irrigation, i1 (surface drip irrigation), i2 (rain hose
irrigation), i3 (sub surface drip irrigation at 10 cm), i4 (sub
surface drip irrigation at 15 cm) and i5 (sub surface drip
irrigation at 20 cm) as main plot treatments and two
mulching materials m1 (no mulch) and m2 (organic mulch)
as sub plot treatments replicated four times. Dried banana
leaves @ 10 t ha-1 were used as organic mulch.

Irrigation was scheduled on a daily basis based on
the crop’s water requirement, which was calculated using
the following relationship,

V = Ep × Kc × Kp × Wp × Sp
Where, V- Water requirement (litre/day/plant)
Ep - Maximum pan evaporation (8 mm/day)
Kc – Crop coefficient
(Initial stage-0.40; Development stage-0.70; Maturity

stage-0.90; End stage-0.85)
Kp - Pan coefficient (0.7)
Wp - Wetted area (0.9 m2 for closely spaced crops)
Sp - spacing of crops in m2 (0.6m × 0.6m).
One month old ‘Vellayani Vijai’ tomato seedlings were

transplanted, keeping row to row and plant to plant spacing
of 60 and 60 cm, respectively. All treatments received a
total of 264:130:281 kg NPK ha-1 as fertigation at a three-
day interval. The fertilizers applied were urea and
polyfeed (19:19:19) as a N source, mono ammonium
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phosphate as a P source and potassium nitrate as a K
source. For mulching, dried banana leaves @ 10t ha-1

were spread over the prepared beds. Lateral drip lines
having an emitter spacing of 2 Lh-1 were placed below
the mulch.

The observations on the growth attributes of tomato
plant height, number of branches per plant, and dry matter
production were recorded. The height of tomato plant
was measured in centimeters from the base of the plant
to the top of the plant with the help of a scale. The number
of primary branches per plant at final harvest was
recorded from the tagged observational plants and their
mean was calculated. Total dry matter production was
calculated at the final harvest of tomato. The samples
were dried to a constant weight in a hot air oven at 60±50C
and dry weights were recorded and expressed in kg ha-1.
Root characteristics of tomato plants, including root depth
and volume, were assessed at the time of harvest. Root
depth was determined in five randomly chosen sample
plants from each treatment, separating and cleaning the
root portion, and measuring its length. The average length
was then calculated and expressed in centimeters. Root
volume was assessed utilizing the water displacement
method proposed by Misra and Ahmed (1987), employing
a graduated cylinder, with the volume expressed in cubic
centimeters (cm3). Nutrient content was assessed through
various methods. Nitrogen (N) content was determined
using the distillation and titration method outlined by
Jackson (1973). Phosphorus (P) content was determined
by diacid digestion of plant samples, followed by
measurement using the Vanadomolybdo phosphoric
yellow colour method described by Jackson (1973).
Potassium (K) content in the diacid digest was estimated
using a flame photometer as per Jackson (1973). The
uptake of N, P and K was then calculated by multiplying
the content of these nutrients by the plant dry weight and
expressed in kilograms per hectare (kg ha-1). Data
generated from the experiment were subjected to
statistical analysis by applying ANOVA for split plot design
and significance was tested (Snedecor and Cochran,
1980).

Results and Discussion
Effect on growth attributes : Growth attributes of

tomato such as plant height, number of branches per plant,
root shoot ratio and dry matter production, were
significantly influenced by the types of micro irrigation
and mulching as shown in Table 1.

At 30 DAS, the maximum plant height was recorded
in sub surface drip irrigation at 10 cm depth (i3) (55.76
cm) and the lowest plant height was recorded in sub

surface drip irrigation at 20 cm depth (i5) (40.29 cm). At
60 DAT, plant height was significantly higher in sub
surface drip irrigation at 10 cm depth (i3) (90.91 cm).
The treatment sub surface drip irrigation at 15 cm depth
(i4) was on par with sub surface drip irrigation at 20 cm
depth (i5). The lowest plant height was recorded in rain
hose irrigation (70.56 cm). At 90 DAT and at harvest,
the maximum plant height was recorded in the treatment
sub surface drip irrigation at 10 cm depth (i3) (107.41cm,
114.98 cm) respectively and it was on par with sub surface
drip irrigation at 15 cm depth (i4). The treatment sub
surface drip irrigation at 15 cm depth (i4) was in turn on
par with sub surface drip irrigation at 20 cm depth (i5).
The lowest plant height was recorded in the treatment
rain hose irrigation (i2) (87.74 cm, 101.57 cm) and was
on par with surface drip irrigation (i1). Sub surface drip
irrigation at 10 cm, 15 cm and 20 cmdepths resulted in
taller plants compared to surface drip irrigation and rain
hose irrigation. Higher availability and uniform distribution
of water and nutrients immediately in the vicinity of the
root zone for sub surface drip irrigation at different depths
might have accelerated cell division, cell elongation, and
metabolic activities of the plant throughout the growth
phases resulted in taller plants. Different types of micro
irrigation significantly influenced the number of branches
per plant at 50 per cent flowering and at harvest. At 50
per cent flowering and at harvest, the maximum number
of branches per plant was produced in (i3) sub surface
drip irrigation at 10 cm depth (8.01, 13.61) respectively
and it was on par with sub surface drip irrigation at 15
cm depth (i4). The lowest number of branches per plant
was produced in the treatment rain hose irrigation (i2)
(5.22, 11.15) respectively and it was on par with surface
drip irrigation (i1). The distribution of water and nutrients
at the appropriate time in sub surface drip irrigation
systems might have resulted in better vegetative growth,
leading to higher number of branches per plant.

The root-shoot ratio at harvest was significantly
influenced by the types of micro irrigation. The maximum
root-shoot ratio was obtained in sub surface drip irrigation
at 10 cm (i3) (0.27) and it was on par with sub surface
drip irrigation at 15 cm (i4) and the lowest root-shoot
ratio was recorded in surface drip irrigation (i1) (0.18)
and was on par with rain hose irrigation (i2).

The biological efficiency of any crop species would
be reflected in the amount of dry matter it produces (Singh
et al., 2020). The dry matter production was recorded at
harvest and sub surface drip irrigation at 10 cm depth (i3)
(4751 kg ha-1) obtained significantly higher dry matter
production followed by sub surface drip irrigation at 15
cm depth (i4) (4423 kg ha-1) and sub surface drip irrigation
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at 20 cm depth (i5) (4153 kg ha-1), respectively. The
lowest dry matter production was obtained in the
treatment rain hose irrigation (i2) (3761 kg ha-1) and it
was on par with surface drip irrigation (i1). Sub surface
drip irrigation at optimum depth had a key role in
maintaining leaf and stem growth throughout the growth
period of tomato resulting in increased dry matter output
(Prabhakara, 2008). More vegetative growth, due to
increased plant height, number of branches per plant and
better leaf production might be the contributing factor
for higher dry matter production in sub surface drip
irrigation systems.

At all phases of plant development, mulching had a
significant influence on different growth attributes of
tomato. Significantly higher plant height was recorded
for organic mulch (m2) at 30 DAT (50.16 cm), 60 DAT
(83.70 cm), 90 DAT (98.76 cm), and at harvest (110.22
cm). The maximum number of branches per plant at 50
per cent flowering and at harvest were obtained in the
treatment with organic mulch (m2) (7.07, 12.88)
respectively compared to no mulch (m1). Mulching had
a significant influence on root-shoot ratio at harvest. The
root-shoot ratio was higher in the treatment organic mulch
(m2) (0.26) compared to no mulch (m1). Between
mulches, the treatment organic mulch (m2) obtained
higher dry matter production (4244 kg ha-1) and was
superior to the treatment no mulch (m1). The interaction
between the types of micro irrigation and mulching did
not have a significant influence on plant height, number
of branches and root-shoot ratio, except dry matter
production. The treatment combination sub surface drip
irrigation at 10 cm depth with organic mulch (i3m2)
obtained significantly higher dry matter production (4835
kg ha-1) and the lowest dry matter production was
recorded in the treatment combination rain hoseirrigation
with no mulch (i2m1) (3719 kg ha-1). Sub surface drip
irrigation delivers nutrients precisely to the crop root zone,
reducing leaching, while organic mulch suppresses weed
growth and avoids competition for moisture and nutrients.
All this might have led to enhanced nutrient availability
and uptake by the plants and improved the translocation
of assimilates from source to sink, resulting in higher dry
matter production in the treatment combination of sub
surface drip at 10 cm depth with organic mulch

Effect on root parameters : The different types of
micro irrigation and mulching significantly influenced the
root depth and root volume at harvest as shown in Figs. 1
and 2, respectively. Sub surface drip irrigation at 20 cm
(i5) recorded the highest root depth (46.46 cm), when
compared to rest of the treatments. The lowest root depth
was obtained in rain hose irrigation (i2) (30.95 cm) and it

was on par with surface drip irrigation (i1). Sub surface
drip irrigation can restrict the size of the root system to
the wetted volume of soil (Fereres and Soriano, 2007).
In sub surface drip irrigation, as the depth of the emitter
increases, the root growth will also increase by balancing
the moisture in the crop root zone (Al Harbi et al., 2008).
The availability of moisture under sub surface drip
fertigation might have aided effective absorption and
utilization of nutrients and better proliferation of roots,
resulting in higher root depth. Due to the non-uniform
root distribution in the vertical direction, more roots were
observed in the surface layer. This might have resulted
in lower root depth in surface methods of micro irrigation.

The highest root volume was obtained in sub surface
drip irrigation at 10 cm depth (i3) (27.06 cm3) and the
lowest root volume was obtained under rain hose irrigation
(i2) (17.50 cm3) and was on par with surface drip irrigation
(i1). Sub surface drip irrigation at 10, 15 and 20 cm depth
recorded the highest root volume than the surface
methods of micro irrigation such as rain hose and surface
drip. Sub surface drip irrigation facilitates better
availability of water and nutrients within the active crop
root zone that leads to a greater number of primary roots

Fig. 1 : Effect of types of micro irrigation and mulching on
root depth (cm).

Fig. 2 : Effect of types of micro irrigation and mulching on
root volume (cm3).
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and greater root density below the emitter and this could
volume than the surface methods of micro irrigation such
as rain hose and surface drip (Fereres and Soriano, 2007).
Sub surface drip irrigation facilitates better availability of
water and nutrients within the active crop root zone that
leads to more number of primary roots and greater root
density below the emitter and this could explain the
significant difference in root volume compared to surface
methods of micro irrigation (Al Harbi et al., 2008).

Between mulches, organic mulch recorded the
highest root depth (40.39 cm) and root volume (22.78
cm3) than no mulch. It may be due to the increased soil
moisture content that enhanced root proliferation in
mulched treatments. The interaction between types of
micro irrigation and mulching on root depth and root
volume were not significant.

Effect on nutrient uptake : The effects of
treatments on N, P and K uptake by the plants have been
studied and shown in Table 2.

The N uptake was significantly influenced by the
types of micro irrigation. Among the different types of
micro irrigation, N uptake was the highest for sub surface
drip irrigation at 10 cm depth (i3) (59.09 kg ha-1) and it
was on par with sub surface drip irrigation at 15 cm depth
(i4), which was in turn on par with sub surface drip
irrigation at depth 20 cm (i5). The lowest N uptake was
recorded in rain hose irrigation (i2) (47.28 kg ha-1) and
was on par with surface drip irrigation (i1).

The P and K uptake was the highest in the treatment
sub surface drip at 10 cm depth (i3) (21.43 kg ha-1 and
85.94 kg ha-1) respectively, which was significantly
superior to other types of micro irrigation. The lowest P
uptake was observed in rain hose irrigation (i2) (13.82 kg
ha-1) and it was on par with surface drip irrigation (i1),
whereas lowest K uptake was observed under rain hose
irrigation (i2) (61.01 kg ha-1).

Sub surface drip irrigation involves precise application
of water and nutrients at frequent intervals in the root

Table 2 : Influence of types of micro irrigation and mulching on nutrient uptake in tomato.

Nutrient uptake  (kg ha-1)
        Treatments

N uptake P uptake K uptake
Types of micro irrigation (I)
i1 Surface drip irrigation 47.77 14.46 62.85
i2 Rain hose irrigation 47.28 13.82 61.01
i3 Sub surface drip irrigation at 10 cm 59.09 21.43 85.94
i4 Sub surface drip irrigation at 15 cm 57.48 18.61 77.94
i5 Sub surface drip irrigation at 20 cm 53.84 16.69 71.49
SE m (±) 1.16 0.26 1.63
CD (0.05) 3.770 0.849 5.314
Mulching (M)
m1 No mulch 50.29 16.17 68.69
m2 Organic mulch 55.89 17.83 75.00
SE m (±) 0.27 0.91 0.49
CD (0.05) 0.858 0.288 1.538
Interaction (I × M)
i1m1 45.84 13.43 59.66
i1m2 49.70 15.50 66.04
i2m1 45.13 12.99 58.26
i2m2 49.43 14.66 63.76
i3m1 56.92 20.12 82.45
i3m2 61.26 22.73 89.44
i4m1 54.26 18.19 74.68
i4m2 60.70 19.03 81.21
i5m1 49.33 16.14 68.41
i5m2 58.35 17.24 74.57
SE m (±) 0.61 0.20 1.09
CD (0.05) 1.920 0.643 NS



zone coupled with the crop demand. This reduced the
variations in nutrient concentration, increases their
availability and reduces the leaching beneath the root
zones, which ultimately improved the uptake of nutrients
by the crop. Enhanced biomass production due to the
constant availability of water and nutrients to the crop
also resulted in increased nutrient uptake for sub surface
drip fertigation compared to surface methods (Abou-
Seeda et al., 2022).

Mulching had a significant influence on N, P and K
uptake. The treatment organic mulch (m2) registered
higher N, P and K uptake (55.89 kg ha-1, 17.83 kg ha-1,
75.00 kg ha-1), respectively than no mulch (m1). The
efficient utilization of nutrients under mulch treatments
could be because of the active root growth conditioned
by favourable moisture and thermal regimes, resulting in
higher uptake of nutrients by plants under mulch.

The interaction between types of micro irrigation and
mulching also showed a significant difference in N and P
uptake. The treatment combination sub surface drip
irrigation with organic mulch (i3m2) obtained higher N
uptake (61.26 kg ha-1) and it was on par with sub surface
drip irrigation at 15 cm depth with organic mulch (i4m2).
In case of P uptake, the combination of sub surface drip
at 10 cm depth with organic mulch (i3m2) recorded the
highest P uptake (22.73 kg ha-1). The lowest N and P
uptake was obtained for rain hose irrigation without mulch
(i2m1) (45.13 kg ha-1, 12.99 kg ha-1) respectively and it
was on par with surface drip irrigation without mulch
(i1m1). The optimum moisture content and frequent
availability of nutrients in the soil as a result of irrigation
and mulching, combined with the high dry matter
production, might be the reason for high nutrient uptake
in sub surface drip irrigation at 10 cm depth with organic
mulch. The interaction between the treatments did not
have any influence on K uptake.

Conclusion
The present investigation revealed that growth

attributes of tomato such as plant height, number of
branches per plant, root shoot ratio, and dry matter
production was significantly influenced by types of micro
irrigation and mulching. From the results, it is found that
among the different types of micro irrigation, sub surface
drip irrigation at 10 cm depth (i3) recorded higher plant
height (114.98 cm), number of branches per plant (13.61),
root-shoot ratio (0.27), dry matter production per plant
(4751 kg ha-1). Among mulches, organic mulching with
dry banana leaves @ 10 t ha-1 (m2) recorded higher plant
height (110.22 cm), number of branches per plant (12.88),
root-shoot ratio (0.26) dry matter production per plant

(4244 kg ha-1) at harvest. The treatment combination sub
surface drip irrigation at 10 cm depth with organic mulch
(i3m2) obtained significantly higher dry matter production
per plant (4835 kg ha-1). Sub surface drip irrigation at 20
cm (i5) recorded the highest root depth (46.46 cm),
whereas sub surface drip irrigation at 10 cm depth (i3)
recorded the highest root volume (27.06 cm3). Among
the mulches, organic mulch with dry banana leaves @
10 t ha-1 recorded the highest root depth (40.39 cm) and
root volume (22.78 cm3). The uptake of nutrients viz., N,
P and K was highest in the treatment sub surface drip
irrigation at 10 cm depth (i3) (59.09 kg ha-1, 21.43 kg ha-

1 and 85.94 kg ha-1), respectively. Among mulches,
organic mulch with dry banana leaves @ 10 t ha-1 (m2)
recorded the highest N, P and K uptake (55.89 kg ha-1,
17.83 kg ha-1, 75.00 kg ha-1), respectively.
Future scope

A long-term study is necessary to determine the
durability and efficiency of sub surface placement of
laterals. Standardization of the depth of lateral placement
in various vegetables under rain shelter needs to be
emphasized.
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