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Root Growth, Nutrient Uptake and Productivity of Tomato (Lycopersicum esculentum) in
Response to Drip Irrigation and Fertigation under Naturally Ventilated Polyhouse

Abstract
The decline in agricultural production and shrinking per capita land holding has resulted in a
thrust on vegetable production under protected environment. The efficient management of
resources (i.e., water, nutrients) plays an important role in sustainable production. Therefore, the
experiment was conducted in naturally ventilated polyhouse at the experimental farm of
CSKHPKYV, Palampur, Himachal Pardesh-Pradeshwith tomato as a test crop during 2018-19. The
experiment was laid out incompletely randomized design with 10 treatment combination consist
of two drip irrigation levels viz., 1, (Irrigation was applied from week one to two based on 100%
of pan evaporation (Epan), week three to eight based on 40% of Epan, week nine to ffourteen
based on 60% of Epan, week fifteen to twenty based on 80% of Epan, week twenty-enetwenty-
one to twenty-fourtwenty-fourbased on 100% of Epan) and I, (Irrigation was applied based on

100% of Epan during whole the crop period) and five nutrientschedules viz., F1 (100%
recommended dose of fertilizers (RDF) through conventional method, F, (100% N through
fertigation + PK through conventional method), F; (100% NK through fertigation + P through
conventional method), F, (100% NPK through fertigation) and Fs (50% NPK through
conventional method + 150% NPK through fertigation) replicated thrice. The results highlighted
that the root length (316.53 cm), fruit yield (7.33 kg/m?) and net returns (Rs. 173.12) were
significantly higher under I, treatment as compared to l;treatment. Among the nutrient schedules,
root growth parameters, NPK uptake, fruit yield (7.62 kg/m?) and net returns (Rs. 177.80) were
significantly higher under Fs treatment. However, the benefit:cost (B:C) ratio (3.75) was
significantly higher under F, treatment. The irrigation level I, with fertigation treatment F,
(100% NPK through fertigation) performed better among all the treatment combinations and
should be recommended for higher tomato production under naturally ventilated polyhouse in
northwestern Himalayan region.
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Introduction

\In India, vegetable production gained significant importance for increasing the income of
small and marginal farmers. The vegetable growers require new technologies for greater crop
production without compromisingquality [1].Among the vegetables, tomatoes(Lycopersicum
esculentum)stand as one of the most widely cultivated and consumed vegetable [2].1t is second
most important crop next to potato that grown throughout the world [3]. Tomato has become a
staple ingredient in numerous cuisines throughout the world. Tomato is also considered as
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important dietary and commercial vegetable cropbeyond its culinary benefits [4]. It serve as a
cornerstone of nutritious diets due to rich source of essential minerals like P, Ca, Fe, vitamins
and antioxidants (mainly lycopene and B-carotene)[5].The lycopene is main antioxidant that is
found in tomato which prevents from development of many form of cancerand improves immune
system.

The cultivation of tomato under protected conditions increased rapidly due to decrease in
cultivable land and water resources.Protected cultivation gained significant importance due to
higher yieldswith better quality[6]. This technique is suitable for year round cultivation of
tomatoes which increases the income of farmers. Protected cultivation is highly efficient in use
of water and nutrients due to decrease in evaporation and use of advanced technologies such as
drip irrigation and fertigation[7]. The irrigation and nutrient management are important aspect in
vegetable production for higher crop productivity with better quality because higher amount of
water and fertilizers are required in vegetable production. Drip irrigation is one of most efficient
method of irrigation in vegetable production[8]. The delivery of low amount of water with higher
frequency reduces the water losses (evaporation, drainage) with concomitant increasein the water
use efficiency[9].The drip irrigation helps to maintain optimum soil moisture conditions in root
zone, which increase the uptake of nutrients[10]. Fertigation, application of fertilizers along with
irrigation, is one of the most effective methods of supplying the nutrients according to the
requirements of crop and helps to maintain the soil fertility besides increasing the quality of the
produce[11]. It helps to increase the availability of nutrients in plant root zone by reducing the
leaching losses[12].Drip irrigation combined with optimum fertilizers helps in supply of timely
and adequate amount of irrigation and nutrient application[13].The challenge for agriculture
production over the coming decades will be the use ofresources in a sustainable way. The
sustainability of any system requires optimal utilization of resources such as water, fertilizer and
soil. Keeping the above mentioned facts in view, the present study was conducted to determine
the effect of drip irrigation and fertigation on root growth, nutrient uptake and productivity of
tomatoes in order to find out the most suitable drip irrigation and fertigation level for tomato
under naturally ventilated polyhouse.)

Materials and Methods
Study site

[The study was conducted at the experimental farm of CSKHPKYV, Palampur, with tomato
as a test crop in a polyhouse having natural ventilation. The polyhouse dimensions were 15 m in
length and 7 m wide and it was covered with a plastic sheet. The experimental site is situated at
32° 36° 0” N and 76° 17° 60” E, having an altitude 1290 m above mean sea level (msl). The
climate of the experimental site was sub-humid with minimum and maximum temperature of 2°C
and 36°C, with their plateau in January and June, respectively. The mean yearly rainfall was
around 2500 mm with relative humidity ranging from 46 to 84%. The soil characteristics of the
&tudw area were determined at the commencement of the experiment. The initial soil properties
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Table 1. Selected properties of experimental soil

Soil attributes Values
Textural class Loam
Sand (%) 38
Silt (%0) 42
Clay (%0) 20
Particle density (Mg/m®) 2.31
Bulk density (Mg/m®) 1.22
Water holding capacity (%) 56.78
Porosity (%) 47.19
Saturated hydraulic conductivity ( x 10°° m/s) 1.47
Infiltration rate (m/s) 2.75x 10°
Mean weight diameter (mm) 0.92
Electrical Conductivity (dS/m) 0.26
pH 5.69
Organic carbon (g/kg) 12.60
Available N (kg/ha) 165.6
Available P (kg/ha) 19.7
Available K (kg/ha) 218.8

Treatment details

The experiment was carried out in a factorial (irrigation levels and nutrient schedules)
completely randomized design with three replications. The first factor was drip irrigation with
two levels, whereas the second one was nutrient schedule with five nutrient schedules. The
treatment details are presented in Table 2.The seed of tomato hybrid (PTH-1) was sown in media
of cocopeat, vermiculite and perlite in 1:1:2 ratio. After 30 days, seedlings with 3-4 leaves and 8-
10 cm height were manually transplanted in the-meonth-of-April 2018 and harvested in last week
of August, 2018. The gravity-fedgravity-fed drip irrigation system with sixteen meter long main
line connected with fifteen laterals spaced forty—fiveforty-five cm apart were used for irrigation
and fertigation. Each lateral was three m long with eight inline drippers spaced thirty cm apart
and total of 30 strips were raised each of 1.5 m?in size. The mean discharge rate of each dripper
was 0.60 I/h and the discharge uniformity was about 90%. The irrigation water was applied er
the-basis-efbased on average Epan. The field layoutis shown in figure 1.

Table 2. Treatment details of the experiment

Treatments Details of the treatment

A. Irrigation schedule




Irrigation was applied from week one to two based on 100% of Epan, week
three to eight based on 40% of Epan, week nine to fourteen based on 60% of
Epan, week fifteen to twenty based on 80% of Epan, week twenty one to
twenty four based on 100% of Epan

Irrigation applied based on 100% of Epan from week one to till harvest

B. Nutrient schedule

F1 100% RDF through conventional method

F 100% N through fertigation + 100% P and K through conventional method
Fs 100% NK through fertigation + 100% P through conventional method

Fa 100% NPK through fertigation

Fs 150% NPK through fertigation + 50% NPK through conventional method

The recommended dose of fertilizers (100% RDF) was 150 kg N, 120 kg P, and 60 kg K
per hectare. In nutrient schedule, fertigation was started from 3rd week after transplanting and
fertilizer doses were calculated as per the treatment. The water-soluble fertilizers such as urea,
potassium sulphate and mono-ammonium phosphate were used for fertigation. The fertilizers
were mixed in the fertigation tank having 30 litres capacity and conveyed to main line by using
ventury with an irrigation system. In the conventional method, half of the N and full doses of P
and K were given as basal and the remaining half of N was top-dressedtop-dressed after one

month of transplanting.
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Figure 1. Layout of field with drip system
Root growth parameters
The influence of drip irrigation and nutrient schedule on root growth was measured by
different root growth characteristics (i.e. root length, root volume, root mass, and specific root
length) at harvesting. The root samples were collected by selecting five plants from each plot.
The root length was calculated by a modified version of Newman formula [14] that is given
below

11
Root length (cm) = 1z X number of intersections (N) X grid unit (2)

The root volume was measured by volume-displacement method [15]. The roots were
then dried in an oven at 65°C until weight remained constant. The specific root length was
computed by dividing the root length over dry weight of roots [16].

Plant sampling and analysis

Plant samples were collected randomly from all the plots at harvest and even-driedoven-
dried at 65 °C till constant weight remained constant. The samples were ground in a willey mill
and preserved in butter paper bags and treatment-wise labeled for analysis. For estimating
nitrogen content, the samples were dried, ground, and digestedin di-acid mixture (H,SO4:HCIOy)
and analyzed for nutrient content by colorimetric method [17] and Nuptake was calculated by
using the following formula.



N content X Dry matter production
100 ®
Thephosphorus (P) content was estimated by vanadomolybdophosphoric yellow color
method[18] and P uptake by plants was calculated by following formula that given below:
P content X Dry matter production
100 ®
The flame photometer method [19] was used for determination of potassium (K) content. The K
uptake by plants was calculated by using following formula:
K content X Dry matter production
100

N uptake (g/m?) =

P uptake (g/m?) =

K uptake (g/m?) = 7

Fruit yield and net returns

The tomato fruit matured after 50 days of pollination. After every picking, the fruits were
weighed and the total yield was calculated by the sum of fruit weight obtained at every picking
per plot.The economic feasibility of employing various drip irrigation and fertigation levels in
crop was assessed through the calculation of cost of cultivation, net returns, and benefit
eostbenefit-cost (B:C) ratio. Cost of cultivation, netmonetary returns and B:C ratio were
calculated en-thebasis-efbased on prevailing market price of inputs and outputs.Net returns for
various treatments were calculated by the-subtracting the total input cost from the gross returns
of each respective treatment. The B:C ratio for each treatment was computed by dividing the net
returns by the cost of cultivation associated with that specific treatment.
Statistical Analysis

The data analysis was conducted by using two-way analysis of variance (ANOVA)
method, utilizing the statistical software SAS 9.1. The Duncan’s multiple range test was used for
the comparison of treatments-treatmentmean effects, with a predetermined significance level of
(P<0.05).

Results and Discussion

Root growth parameters

The effects of drip irrigation levels and nutrient schedules on root growth parameters at
harvest are given in Table 3. The data revealed that the root length was significantly higher in I,
(316.53 cm) as compared to l; (295.47 cm),whereas, the root dry weight, root volume, and
specific root length were non-significant for various drip irrigation levels. The total root length
was mere-higherin drip irrigated crops as compared to surface—irrigatedsurface-irrigated crop
[20]. It may be ascribed to adequate supply of moisture which helps in better proliferation of
roots. The drip irrigation maintains the availability of moisture that directly helps in better root
spread and the development of fibrous root system thereby enhancingcrop nutrient uptake
[21].Among different nutrient schedules, the root length was significantly higher in Fs (491.67
c¢cm) and lower in F; (134.50 cm) treatment as compared to other treatments. The root volume
was higher under F5 (22.83 cm®) and lower in F; (13.83 cm®) than all other treatments. The root
weight was significantly higher under Fs (6.03 g) as compared to other treatments and
significantly lower in F; (2.86 g) treatment. The specific root length was significantly higher



under F3 (101.36 cm/g) as compared to F, (75.24 cm/g) and F; (50.62 cm/g) but was statistically
similar with F4 (85.55 cm/g) and Fs (81.54 cm/g). The Fs treatment enhanced the availability
of nutrients which resulted in better root growth and split fertigation of phosphorus at regular
interval-intervalsassisted the crops te—abserbin absorbing more P throughout the crop growth
period and minimized nutrient losses. However, in the conventional method P was applied as a

basal dose that resulted in substantial P fixation in the soil thereby decreasing the availability
forroots and eventually reduces the growth and development of roots of the crops. Similar results
were reported by Debbarma et al. [21] and Jeelani et al. [22]. The root growth was increased with
an _increase in drip irrigation and fertigation levels due to a consistent supply of water and
nutrients in the root zone which enhanced the nutrient availability throughout the crop growth
period and resuts-resultedin better root growth and development. The results were concurrent
with the findings of Kumar et al. [23] and Jeelani et al. [22]. The higher root volume and specific
root length in F3 may be due to the application of phosphorus as basal dose which might have
contributed to better root volume and specific root length. Similar results were reported by
Machado et al.[24] and Debbarma et al. [21].

Table 3. Effect of drip irrigation and nutrient schedules on root growth parameters

Treatments Root Length (cm) Root Volume Root Weight (g) Specific Root
(cm?) length (cm/g)

Irrigation (1)

I 295.47° 19.80* 3.83* 75.85%

I, 316.53* 20.80% 3.87% 81.87%

Fertigation (F)

Fi 173.50° 134.50° 13.83° 2.86°

F, 179.50% 234.00° 22.67° 3.11¢

Fs 181.17" 327.67° 22.83° 3.25°

Fy4 186.17° 342.17° 19.67° 4.00°

Fs 199.17° 491.67° 22.50° 6.03°

Interaction (IxF) NS NS NS NS

Different letters in columns represent significant difference at p<0.05 level of probability: NS
denotes non-significant.
Nutrient Uptake

The nutrient uptake by tomatoes was significantly affected by various levels of drip
irrigation and nutrients-sehedulenutrient schedules (table 4). The nitrogen uptake determined in
fruit and straw was non-significant under the different irrigation levels. Among different nutrient
schedules, significantly higher nitrogen uptake in fruit was recorded under F4 (18.24 g/m?) and
Fs (17.96 g/m?) as compared to F; (13.33 g/m?) but was statistically similar with F, (15.17 g/m?)
and F3 (15.16 g/m?).In case of straw, the nitrogen uptake was significantly higher under F, (2.68
g/m?) and F3 (2.63 g/m?) as compared to F; (2.13 g/m?) and F4 (2.03 g/m?) but was statistically
similar with Fs (2.54 g/m?). The N accumulation in fruit was increased with an increase in
fertigation rate as compared to the conventional method because Fs treatment provided the
adequate amount of nitrogen during vegetative growth which resulted in better growth and
development. The high fertigation rate also helps in luxury consumption of N at later stages. The
higher accumulation of N may not be important for plant growth but helps in increasing the
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uptake efficiency of N during growth period. Similar results were reported by Hu et al. [25] and
Farnesellia et al. [26]. In, straw, the N uptake recorded under F, was significantly higher because
fertigation of 100% N providesautrient-nutrientsin an optimum amount atthe right time that helps
in better growth of plants. The fertigation maintains the availability of nitrogen upte-up tolater
stages and directly plays an important role in N uptake efficiency of plants. The results were
concurrent with the findings of Feng et al. [27], Farnesellia et al. [26] and Kiruthiga et al.[13].

The phosphorus uptake was non-significant under different irrigation levels in fruit and
straw. Among different nutrient schedules, the phosphorus uptake in fruit was significantly
higher under Fs (2.56 g/m?) as compared to F3 (2.36 g/m?), F (2.10 g/m?) and F1(1.98 g/m?) but
was statistically similar with F, (2.47 g/m?). In straw, significantly higher phosphorus uptake was
recorded under F; (0.20 g/m? as compared to F; (0.18 g/m®) and F; (0.17 g/m?) but was
statistically similar with Fs (0.19 g/m?) and F, (0.18 g/m?). The interaction between irrigation
levels and nutrient schedules was significant for phosphorus uptake in straw and non-significant
in fruit.The phosphorus accumulation recorded in fruits under Fs was significantly higher
because higher fertigation rate helps to meet up the P requirement of plants at different growth
stages and maintains the availability of P throughout the growth period. The P demand of plants
was increased by almost 50 percent under fertigation. Similar results were reported by
Farnesellia et al. [26] and Castellanos et al. [28], So the higher rate of fertigation helps to
maintain the optimum concentration of P and provides the-better growth and uptake by plants.
The P accumulation in straw was significantly higher under the 100% NPK fertigation because
fertigation reduces the nutrient losses and increases the nutrient use efficiency of plants. Similar
results were reported by Yaghi et al. [29] and Wang and Xing [30].

The potassium uptake in fruit and straw was non-significant under different irrigation
levels. Among different nutrient schedules, significantly higher potassium uptake in fruit was
recorded under Fs (10.79 g/m?) as compared to F5 (9.37 g/m?), F, (9.24 g/m?) and F; (7.89 g/m?)
but was statistically similar with F4 (10.35 g/m?). In straw, significantly higher potassium uptake
was recorded under F3 (2.38 g/m?) as compared to F (2.23 g/m?), F; (2.13 g/m?) and F, (2.08
g/m?) but was statistically similar with Fs (2.31 g/m?). The accumulation of potassium in fruit
(K) under Fs treatment was significantly higher and in straw K accumulation was significantly
higher under F3 treatment because tomatoes are strong sinks for K and stored more K as
compared to sources. The interaction between irrigation levels and nutrient schedules was non-
significant. Similar results were reported by Gupta et al. [31].

Table 4. Effect of drip irrigation and nutrient schedules on nutrient uptake (g/m?)

Treatments N Uptake (g/m?) P Uptake (g/m?) K Uptake (g/m?)

Fruit Straw  Total Fruit Straw  Total Fruit Straw  Total

Irrigation (1)
I, 1565 236" 18.00 2.37* 018" 255 942" 2.19% 1159
I, 16.30" 244" 1881 2.23* 0.18* 241 964" 2264 1101

Fertigation (F)




(= 13.33* 213" 1546 1.98° 0.17° 215 7.89° 2.13*  10.02

F, 15.17* 2.68° 1785 210" 0.18" 228 924 208 1132
Fs 15.16® 2.63* 1779 2362 0.18" 256  9.37° 238 11.75
Fs 18.24*  2.03° 2044 247" 020° 267 10.35® 223" 1261
Fs 17.96° 254* 2049 256 0.19® 275 10.79°  231* 1305
Interaction (1xF) NS NS NS NS 003 NS NS NS NS

Different letters in columns represent significant difference at p<0.05 level of probability: NS
denotes non-significant.
Fruit yield and Economic returns

The data (Table 5) showed that fruit yield was significantly influenced by different
irrigation and fertigation schedules. The fruit yield recorded under I, was significantly higher as
compared to 1. fThe higher fruit yield in I, may be due to increased water application which
promotes plant growth improves nutrient uptake and eventually increased yield. Among different
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nutrients schedule, the fruit yield was significantly higher under Fs and F; than F; but was
statistically similar with F, and F4 treatments. The higher marketable fruit yield under Fs due to
higher fertilizer application rate led to better plant growth and development which resulted in
produced maximum yield. Similar results were reported by Alordzinu et al.[32] and Jaswal and
Sandal [33]. fThe interaction between irrigation levels and nutrient schedule was non-significant.
The higher marketable fruit yield under Fs due to increase in fertilizers application might have
resulted in higher nutrient availability which improved growth and development and ultimately
leading to higher yield. There was substantial increase in total fruits per plant, mean fruit weight
per plant and overall yield with the increased application of NPK fertilizer. The Fs treatment
demonstrated significantly higher fruit yield as compared to other treatments, potentially
indicating a more favorable response of plants to increased fertilizer application. The maximum
yield can be achieved by minimizing moisture stress on tomato plants. However, the application
of irrigation water exhibited a positive correlation with relative increase in total marketable yield.
Similar results were reported by Alordzinu et al. [32].

The data showed that net returns and B:C ratio was significantly affected by different drip
irrigation and nutrient schedules (Table 5). The net returns and B:C ratio recorded under I, was
significantly higher as compared to I;. These results can be attributed to the fact that the I,
treatment resulted in greater marketable yield, consequently increasing both net returns and the
B:C ratio. Among different nutrient schedule, the net returns was significantly higher in Fs than
Fi treatment but was statistically similar with F3 and F,; treatments. The B:C ratio was
significantly higher in F4 and lower in F;. The treatments with 100% recommended dose of
fertilizer have maximum B:C ratio (3.75). The significantly higher B:C ratio in F4 can attributed
to its higher yield at lower cost of inputs, compared to other treatments because B:C ratio
directly depends on total yield and cost of cultivation of crop, The interaction between irrigation
levels and nutrient schedules was non-significant. Similar results were reported by Rawat et al.
[34], Kushwaha et al. [35] and Kumar et al. [36].
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Table 5. Effect of drip irrigation and nutrient schemes on fruit yield and economic return
variables

Treatments Fruit yield (kg/m?) Net returns (Rs.) B:C ratio
Irrigation (1)

I 6.978 162.148 3.458
I, 7.33% 173.12% 3.69"
Fertigation (F)

F 6.38° 146.52° 3.26°
F, 7.09% 166.34° 3.60°
Fs 7.34° 173.94% 3.68°
(= 7.33% 173.56% 3.75°
Fs 7.628 177.80° 3.49°
Interaction (I1xF) NS NS NS

Different letters in columns represent significant difference at p<0.05 level of probability: NS
denotes non-significant.
Conclusion

The application of drip irrigation on the basis of 100% of Epan was the most suitable
treatment with higher root length (316.53 cm) with higher nutrient uptake leading to higher crop
yield with higher net returns and B:C ratio. Among nutrient schedule, the application of 100%
RDF through fertigation was the most suitable fertigation level as compared to other treatments
as it resulted in better root growth, nutrient uptake and higher yield. The B:C ratio was
significantly higher under F, treatment. Therefore, irrigation based on 100% of Epan and 100%
RDF through fertigation should be recommended for cultivation of tomato under naturally
ventilated polyhouse in Himalayan region. \
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