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Abstract

Present study evaluated two tomato varieties Sanam and Super
Royal for different growth and yield parameters under eight treat-
ments, including recommended dose (T0= 100-80-60 NPK kg/ha),
organic fertilizers (T2= Humic acid @ 35kg/ha, T3= FYM @ 20 tons/
ha, T4= Poultry manure @ 5tons/ha), In-organic fertilizers (T1=NP
kg/ha 100-80-0) and combination of both fertilizers (T5= 50-40-
30 (NPK) + Humic acid @17.5kg/ha, T6= 50-40-30 (NPK) +FYM
@10tons/ha and T7= 25-20-15 (NPK) + Humic acid @17.5kg/ha
+FYM @ 10 tons/ha +Poultry manure @ 2.5tons/ha) to select better
variety and most suitable fertilizer treatment to improve the tomato
production in agro climatic conditions of Mansehra. Variety Sanam
performed better as compared to Super Royal for most of the studied
parameters, such as sanam revealed highest plant height (75.1 cm),
maximum average primary branches (10), maximum stem girth (10.4
mm), maximum number of leaves (337.3), more fresh weight (31.1 g)
and dry weight of leaves (9.4 g), maximum root length (23.1 cm) and
root weight (56.8 g), higher whole plant weight (296.1 g), maximum
length of leaves (6.3 cm), higher total number of fruits/ plot (169.1)
and total weight of fruits/ plant (7261.2 kg), maximum ratio between
total soluble solids and titratible acidity (9.9). Fertilizer treatment T4
(Poultry manure @ 5tons/ha) showed maximum fruit diameter (52.9
mm), maximum fruit length (62.7 mm), higher total number of fruits/
plot (180.2) and total weight of fruit/plot (10477 kg), higher amount
of total soluble solids in tomato fruit (5.7 Brix0), higher ratio of total
soluble solids and titratible acidity (14.1), higher amount of vitamin C
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(34.4 mg/100mL) and maximum stem girth (11.3 mm). Based on the
findings of present study variety Sanam and fertilizer treatment T4
(Poultry manure @ 5tons/ha) are recommended for farming cultiva-
tion in Mansehra and other areas having similar climatic conditions.
This will not only improve the economic return but also lower the
market prices of tomato in the country because poultry manure is
cheap and easily available everywhere.
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Introduction

Solanum lycopersicon (L.) belongs to the family Solanaceae
which contain many genera. The genus Lycopersicon, having plants
of vast importance like potato (Solanum tuberosum), tobacco (Nicoti-
na tabbacum), tomato (Solanum lycopersicon), jimson weed (Datura
stramonium), tree tomato (Cyphomandra betacea or Solanum betace-
um), husk or strawberry tomato (Physalis pruinosa), Eggplant (Sola-
num melongena), African eggplant (Solanum macrocarpon, Solanum
aethiopicum), Cape gooseberry (Physalis peruviana), deadly night-
shade (Atropa belladonna), and black nightshade (Solanum nigrum).
Tomato (Lycopersicum esculentum) belongs to the family Solanaceae
and is supposed to be the first domesticated in Mexico. The leaves
and stem of tomato are compactly glandular, hairy and the flowers of
tomato are 1-2 cm in size and are yellow in colour [1].

Varieties of tomatoes vary in the characters like yield, quality,
shape, firmness and size, [2-4]. Based on the growth habit, tomatoes
are often classified as indeterminate (develops in to the vine that never
top off and continues generating fruit till destroyed by the frost) or de-
terminate (bush bear fruit all at once and top off at a specific height).
Commercial growers prefer determinate tomatoes, as they wish to
harvest the whole field at once. While, home growers preferred in-
determinate tomatoes and the small farmers who sell ripened fruits
throughout the season in the market [5].

In United States of America (USA) and in several other parts of
the world, tomato is the second major processed vegetable crop. In
Karnataka alone, tomato is cultivated on an area of around 35,500
hectares accounting for the production of about 9.54 lakhs tons with
the output of 26,896 tons per hectare [6].

As compared to the rest of the tomato producing countries per
hector yield of the tomato is very low in Pakistan. This low per hector
production is largely due to the fertilizer mishandling, poor selection
of varieties, inadequate amount of nutrients, lack of information and
paying no attention to the area as potential high yield area. To im-
prove the tomato yield farmers generally depend upon the inorgan-
ic fertilizers because to boost up the yield of crop modern practises
of agriculture encourage the usage of inorganic fertilizers, but it has
toxic effects on the soil physic-chemistry. On the other side organic
fertilizers like farmyard manure (FYM) enhances the properties of
soil which effect the growth of plant [7]. As the rates of commercial
fertilizers are high, the significance of Farm Yard Manures (FYM)
as organic material is being acknowledged, as it comprises of rotted
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straw of plants, faeces and urine. It enriches the physical properties
of soil such as holding capacity of water, erosion stability and gas-
eous exchange [8]. Farmyard manure (FYM) not only improves the
physical, biological and chemical properties of soil but also supplies
lots of micro and macro nutrients to the soil. Conventional farm yard
manure (FYM) contains about 0.73% N, 0.71% K and 0.18% P [9].
Farmers used mostly Poultry manure because it is very low-cost and
easily available, while in-organic fertilizers due to its high pricess are
not within the reach of the poor farmers.

With over 100 million metric tons of the annual production and
$1.6 billion market value, tomato (Solanum lycopersicum Mill.) ranks
15 and makes about 14% of the world’s vegetables production [10].
After the potato the second most essential vegetable crop is tomato
[11]. Tomato is one of the most important vital vegetables which are
grown worldwide for their edible fruits [12]. Tomato plant is a heat
loving plant of the Solanaceae family. In Pakistan tomato is one of
the most vital vegetable. It is a popular vegetable in home garden and
a best source to achieve the energy necessities of the body [13]. It is
the most important vegetable crop widely grown has exceptionally
extraordinary nutritive importance and its versatile food uses [14-16].
Tomato is broadly grown in the tropical areas of the world; however
its few cultivars may be grown under both temperate and tropical con-
ditions [17].

In Pakistan and the other countries of the South Asia among the
agricultural products tomato, onion and chillies are the most com-
mon vegetables. These vegetables like tomato; onions etc are cooked
with the meat and other vegetables. They are also consumed as salad,
therefore in Pakistan the demand of these vegetables is reasonably
inelastic [18].

Tomato is the best source of minerals, vitamins, and antioxidants
which are helpful in the cancer control, health diseases and also im-
proves the general health [19]. Tomato is the most significant veg-
etable crop of the world which is widely used as salad and for the
cooking purposes also. This vegetable crop is well known due to its
nutritional significance, as it is the rich source of the nutrients K, Na,
Fe and many antioxidants particularly salicylate and lycopene [20].
Tomatoes turn into one of the most important and popular vegetable
which is broadly grown in the world. Agro climatic environments of
Pakistan (ranging from the tropical to temperate region) tolerate the
growing of 21 types of the fruits and 40 different kinds of the vegeta-
bles [21]. By and large, tomato is an essential part of the human diet
and it occupies a key position in the modern agricultural systems.
Tomatoes are consumed globally, fresh as a salad or may be hard-
pressed into pastes or purees and then it is used for cooking soups or
stews as well as for producing fruit drinks. However, it is important
to note that, more than 80% of the tomato consumption goes to pro-
cessed foodstuffs such as tomato juices, sauces and ketchup etc. The
taste of tomato heavily relies on various organic acids and sugar com-
ponents present in it [22]. Quality and nutritional value of tomatoes
and its products are also influenced by the post-harvest management
and storing conditions [23]. Latest studies about tomatoes showed its
potential health benefits. For example lycopene, (a carotenoid without
pro vitamin A activity) which is present in the red tomatoes and are
widely known for many of its beneficial effects [24-26].

Besides being tasty, tomatoes are also a rich source of carotenoids,
vitamin A and C along folate and flavonoids [26,27]. Tomatoes are
often referred to as poor man’s orange [28]. Many of the carotenoids
present in the tomato such as lycopene, flavonoids and beta carotene

seem to guard humans from various types of cancers and different
cardiovascular diseases [29,30]. Ascorbic acid (vitamin C), lycopene
and potassium contents are the most important nutrients present in
the tomato as they are beneficial to humans and [31] reported that,
the intake of the tomato and its sub products such as juices, ketchup,
paste etc were negatively linked with the prostate cancer and devel-
opment of tumours in the digestive tract. Vitamin C is present in the
tomatoes which play a vital role in the betterment of human health,
it is found in the vegetables and fruits in the form of ascorbic acid.
Major functions of ascorbic acid are the maintenance of blood vessels
and skin and anticipation of the scurvy disease [32]. Wild species of
tomato have been reported to contain double lycopene and Vitamin
C (ascorbic acid) as the commercial cultivars of tomato. A major im-
pact of globalization on the horticulture is that, it has increased the
demands of worldwide improved quality, higher quantity, standards
of fruit, vegetable and salad commodities. Around 13% of tomato
dry matter are the organic acids (malic acid 4% and citric acid 9%
and and 50% is sugar (fructose 25%, glucose 22%, sucrose 1%) etc.
[33]. Among these, citric acid and fructose are most essential to sour-
ness and sweetness than the others like malic acid and glucose. High
concentrations of sugar together with relatively high concentration
of acids are necessary for flavour, while high acids and low sugars
makes a tart tomato, low acids and high sugars results in a bland taste
and together low acids and low sugars produces a tasteless fruit [34].

Tomato (Solanum lycopersicum) is a nutritive and common veg-
etable all over the world [35]. In Pakistan, tomato is grown on 53.4
thousand hectares with an average yield of around 561.9 thousand
tons of tomato while the tomato area in Punjab is 5.6 thousand hect-
are producing 72.5 thousand tons of tomato which is the highest
yield as compared to the other parts of country [36]. Tomato crops
are grownup in the two seasons in Khyber Pakhtunkhwa. In the plain
areas summer crops are cultivated, while the winter crops are cul-
tivated in some frost free zones like Dargai, Malakand Agency and
Bara killey in Peshawar. In 2008-09 in Khyber Pakhtunkhwa over
16500 hectares area tomatoes were cultivated and entire production
was 16800 tons [37].

Tomato is extensively grown in the green houses under controlled
conditions of environment and as a vegetable in the home gardens.
Beside its immense economic significance, it is also a best research
material for the cellular, physiological, biochemical and molecular
genetics investigations. It is very easy to grow, has a short life cycle
than other vegetables and is amenable to the different horticultural
manipulations like cutting and grafting etc. Various types of its ex-
plants may be cultured in vitro and plant regeneration is possible, al-
lowing all sorts of developmental and transformation procedures with
great ease [38]. The relatively few chromosomal number (2n=2x=24)
and extensive genomic knowledge also make it as a model crop in the
many experimental studies. The information and knowledge gathered
from the studies over the last few decades, have contributed a lot to
the remarkable improvements in productivity of our major crop plants
[4,22,39-41].

High yields and enhanced fruit quality are the top priorities for
the growers of tomato, since this can be achieved, only if the critical
production aspects are taken into consideration, these factors include
cultivar choice, proper irrigation, fertilizer use, disease preservation,
climate and soil fertility etc. Moreover, the response of a vegetable
crop like tomato to a particular nutrient status may vary with the cul-
tivar and exogenous factors such as cultural practises, substrate and

J Plant Sci Curr Res ISSN: 2639-3743, Open Access Journal

DOI: 10.24966/PSCR-3743/100022

Volume 7 « Issue 1+ 100022


doi: 10.24966/PSCR-3743/100022

Citation: Shirin J, Shah AH, Sun Q, Shah BH, Abbasi NJ, et al. (2022) Performance of Organic and In-Organic Fertilizers for Growth and Yield of Tomato. ]

Plant Sci Curr Res 7: 022.

*«Page 30of 17 .

the conditions of environment. The provisions of nutrients to plants in
quantities (that are best for their subsequent utilization) is the primary
and an important aim in crop fertilizer programs. However, as both
yield and quality are harmfully affected by the deviance from the op-
timum. It is very important to avoid the excess as well as deficiency of
nutrients. In the recent years, an appreciable horticultural research has
been keen to the subject of the tomato nutrition and standard levels of
the supply of nutrients to the tomato.

Organic fertilizers increase the growth and development and ad-
vance the soil moisture and structure. Proper use of the organic fer-
tilizers can be advantageous for the improvement of the yield and
be more economic [42]. Soil fertility is a main over riding restraint
that affects all the features of the crop production. In African region
local farmers use insufficient nutrient inputs, unsuitable low quality
and unproductive combinations of the fertilizers which prove to be
very expensive at the end [43,44]. A consequence of this trend is a
deeply unstable nutrient composition of soil that eventually leads to a
decrease in the yield potential of crop [45]. When nutrients used in ad-
equate quantity, increase fruit quality and quantity, fruit size, colour,
and fruit taste of tomato [45,46].

Use of organic fertilizers could enhance the soil physical, chem-
ical and biological properties. It also improves the rate of nutrients
turn over within the soil-plant system but also facing many problems
of dirt and bulkiness etc. [47]. In African soil, nutrient balances are
frequently negative due to low level of fertilizer use and the depletion
of the soil nutrient is a main reason for the decreasing or unproductiv-
ity of agricultural productivity [48].

The use of inorganic fertilizers with proper care and management
can rise the yield of tomato crop [49]. By using In-Organic fertilizers,
we can get highest growth of plant [50]. In the production of vegeta-
ble, organic fertilizers have verified to be effective in the combating
nematodes [51].

The production of organically grown up vegetables crops has be-
come gradually popular. In such a system, plant nutrients are provid-
ed at first by poultry manure, green manure, farm yard manure and
compost and then by the regular uses of natural fertilizers [52]. Poul-
try manure is necessary for establishing and sustaining the optimum
physical condition of soil for the better plant growth.

The organic fertilizers, largely processed wastes from the agro-
food industry, it may readily release their nutrients into the soil, even
though these by-products have been chiefly valued for many years as
feed supplements [53]. Numerous studies have reported the useful
effects of feather meal, blood meal and cheese on the field and quality
of tomato, cabbage, corn, lettuce crops and wheat [54-56]. Farm yard
manure (FYM) is the most important organic fertilizer in Pakistan as
it is low-priced and easily available. It is estimated that, about 1.5 mil-
lion tons of nutrients are obtainable from the farm yard manure [57].
Poultry manure is comparatively low-priced source of both micro nu-
trients (Fe, Cu, Mn, B) and macro nutrients (Ca, Mg, N, P, K, S) and
these nutrients can rise soil nitrogen, carbon content, soil prosperity
and enrich the soil microbiology, because poultry litter have high con-
centration of nutrients, thus by addition of suitable amount of poultry
litter with proper care can overcome the crop nutrients necessity [58].

The industrial revolution followed by the green revolution trig-
gered rise in yield per unit area in agricultural production, but they
also caused increase in pesticides and synthetic fertilizers used in

agriculture. In agriculture usage of concentrated inorganic fertilizer
caused so many health difficulties and unrecoverable environmental
pollution. To lessen and eliminate the adversative effects of synthetic
fertilizers and pesticides on the human health and environment, new
agricultural practises have been developed in the so-called ecological
agriculture or sustainable agriculture and organic agriculture [59,60].
Organic fertilizers are taking the place of inorganic fertilizers in the
ecological agriculture. The major sources of the organic fertilizers are
the industrial wastes, composted livestock manures and plant resi-
dues. The organic fertilizers make available the nutritional require-
ments of plants and also help to subdue the plant pest’s populations.
Additionally, organic fertilizers enhance the microbial activity in the
soil, carbon-content of soil, cation and anion exchange capacity and
organic matter. Organic fertilizers rise the yield and quality of the ag-
ricultural crops in ways alike to the in-organic fertilizers [45,61-67].

During current study, two varieties of tomato grown-up at National
Tea and High Value Research Institute (NTHRI), Shinkiari Mansehra
and the study was focussed on the evaluation of two varieties and to
device a proper, balanced combination and scheme of fertilizers to in-
crease the yield of tomato and to evaluate the impacts of combination
of organic and in organic fertilizers on soil and also on the quality of
the tomato with following objectives.

Objectives

1. The research project was designed with the following main ob-
jectives.

2. To investigate the comparative effects of organic and in-organic
fertilizers on the growth and yield.

3. To evaluate the impact of organic and inorganic fertilizers on qual-
ity of tomato.

4. To assess the impacts of organic and in-organic fertilizers on the
soil.

Materials and Methods
Experimental site

Mansehra is a small city, located in between 34.20 to 34.33 N and
73.12 to 73.20 E. It is bounded in the north by Kohistan and the val-
leys of Diammer, in east by the capital of AJK, Muzzaffarabad, in
south by beautiful Abbottabad and in west by the Kala Dhaka (Impe-
rial gazetteer). The study area is at 3000 feet altitude, irrigated by the
river Siran and its canals. It is located in the subtropical vegetation
zone [68].

Large amount of the vegetables are grown-up in the Mansehra.
Total area of the district Mansehra is 16,15,726 acres, but out of this
only 2,39,829 acres (14.8%) is cultivated while the rest area is either
uncultivable or unproductive. Still district Mansehra is a rich source
of the different cereals like wheat, maize, rice and number of vege-
tables and fruits including potato, onion, cabbage etc and cash crops
like tobacco and tea etc.

Tomato is produced in Mansehra but it is not amongst the ma-
jor agricultural crops of the district due to the lack of information,
awareness about the yield potential of the said area. The present in-
vestigation was carried out at the National Tea and High Value Crops
Research Institute (NTHRI) Mansehra during March 2016 to August
2016 in order to find out the performance of organic and in-organic
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fertilizers for growth and yield of tomato. The experiment was laid
out in randomised complete block design (RCBD) split plot with
eight treatments and three replications for the each treatment and two
varieties were used in this study, V1= Sanam and V2= Super Royal.
Plot size was kept 5+10 sq. ft. with row to row distance of four feet
and plant to plant distance of one feet.

Nursery preparation

Nursery was prepared at the National Tea and High Value Crops
Research Institute (NTHRI) Mansehra. The seed beds were watered
through sprinklers according to the necessity and protected regularly
(Figure 1).

Figure 1: Nursery at NTHRI.

Land preparation

The land was prepared by ploughing, repetitive harrowing and
plots were made for the experiment (Figure 2).

Figure 2: Prepared plots for plantation.

Soil sample collection

Twenty four soil samples were collected (at 0-20cm depth) for the
determination of soil pH, electric conductivity, and organic matter
concentration in the soil.

Applied of treatments

Eight treatments for each replication were made and preparing the
treatments, applied them on beds and mix them with the soil.

Transplantation

Healthy and uniform sized seedlings were transferred to the pre-
pared experimental plots and planted 240 plants (120=V1=Sanam and
120=V2=Super Royal) (Figure 3).

Figure 3: Transplantation of seedlings to the prepared plots.

Experimental design

The experiment was laid out in RCBD split plot with the varieties
in the main plot and the fertilizer treatments in sub plots, there were
eight treatments for both varieties and three replications for every
treatment (Table 1).

In-Organic Fertilizers

TO Recommended Dose: 100-80-60 (NPK kg/ha)

Tl 100-80-0 (NP kg/ha)

Organic Fertilizers

T2 Humic acid @ 35kg/ha
T3 FYM @ 20 tons/ha
T4 Poultry manure @ Stons’/ha

Combination of Organic and In-Organic Fertilizers

T5 50-40-30 (NPK) + Humic acid @17.5kg/ha
Té 50-40-30 (NPK) +FYM @10tons/ha
7 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry

manure @ 2.5tons/ha

Table 1: Treatments used in the study.

Weeding

During the growth period of the crop, hand weeding was carried
our when required.

Irrigation

Depending on the soil moisture status and the climatic condition
of the soil, each replication of the plot was irrigated.

Plant protection measures

Necessary plant protection measures were taken throughout the
whole experimental period to control the pests and diseases. To con-
trol the cut worm from cutting the leaves and branches we sprayed
cypermethrin (60ml cypermethrin mixed with 19 ml water in one
pump). Curzate M-8 and Emamecctin Benzoate 1.9 EC were sprayed
for the control of root rot and boll worm. Support was provided to the
plants to stand firmly in the ground.

Parameters studied

To estimate the influence of fertilizers on the growth and yield of
tomato following parameters were studied.
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Soil parameters

Pre harvest

Electric conductivity

Electric conductivity of the soil samples was determined with the
help of conductivity meter.

pH

All the 24 samples collected from the plot, (at the depth of 0-20cm)
were mixed, dried and grinded. After grinding, took 10 gram soil sam-
ple in 250mL conical flask and added 50ml distilled water and placed
on shaker for 20 minutes. After shaking, allowed the suspension to
stand for 30 minutes to settle the sediments. Then, for checking the
functioning capacity of the pH meter, used 2 buffer solutions, one of
which was having pH at the upper end and other at the lower end of
the range of pH and after confirmation, measured the pH by immers-
ing the combination electrode in to supernatant solution and recorded
the pH in soil water suspension (1:1) ratio to the nearest one decimal
point.

Organic matter

The importance of soil organic matter in providing the nutrients,
contributing to cation exchange capacity, importing of soil structure
etc is well recognised. At pre harvest, composite sample of plots were
used in the determination of organic matter. Determination of organic
matter was based on the determination of its constant  constituent’s
i.e. carbon. Organic carbon was oxidized with excess of chromic acid
and the unused chromic acid was determined by titration with the
ferrous ammonium sulphate solution.

Reagents:-
* H,SO,
+ HPO,
* Potassium dichromate solution

* Dried 5g potassium dihydrogen phosphate in oven at 105°C for
half an hour and then dried 5g Potassium Dihydrogen (4.3937) dis-
solved in 800mL distilled water and made volume up to 1000mL.

» Ferrous sulphate

* Dissolved 139g FeSo,.7H,O in 700ml of distilled water, mixed and
then added 15ml of concentrated sulphuric acid. Placed in fumer
for 30 minutes and diluted to 1 litre.

Diphenylamine indicator

Dissolved 0.5g diphenylamine in a mixture 100mL sulphuric acid
and 20mL water and stored in a coloured bottle.

Procedure

10g of soil was taken in a 500mL flask and added 10mL of NK-
,Cr,0, by means of a pipette. Added 20mL of Conc.H,SO, by means
of a dispenser and shake the suspension gently and allowed to stand
for about half an hour on asbestos sheet. Diluted the suspension by
adding about 200mL of distilled water, also added 10mL of phos-
phoric acid and 1mL drops of diphenylamine indicator. A deep violet
colour was produced, titrated against 0.5 ferrous sulphate solution till
a brilliant green colour was produced and reading was noted, also
prepared one blank solution, containing all reagents but no soil and
treated in same way as the soil suspension.

Calculation:-

Where: B=ml of ferrous sulphate solution used to titrate blank
S= ml of ferrous sulphate solution used to titrate the soil

N= Normality of the ferrous sulphate

0.003g= 1milli equivalent of C

As, 75% of the C is oxidiseable.

As the soil organic matter has 58% carbon

Post-harvest

After harvest, eight samples of soil were collected randomly from
the treatments of three replications. Samples were dried, grinded and
identified the same parameters as identified pre-harvest by the same
procedure.

Electric conductivity

- pH

* Organic matter

» Vegetative parameters

Plant height (cm)

Plant height was measured from the randomly selected plants of
each variety and replication with graduated scale from the ground
level to the tip of the longest stem of the plant.

Leaf length (cm)

Length of ten leaves from each variety and replication was mea-
sured with graduated scale and then averaged and analysed.

Leaf width (cm)

Width of ten leaves from each variety and replication was mea-
sured with graduated scale, then averaged and analysed.

Stem girth (mm)

It was measured by the Vernier calliper S5cm above the ground lev-
el, averaged the data and analysed through statistics.

Root length (cm)

Root Length of the randomly selected plants of each variety per
replication was measured with the graduated scale from hypocotyl to
the tip of the plant root.
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Root weight (g)

Root weight of randomly selected plants of each variety per repli-
cation was calculated with the help of electric balance, averaged and
analysed.

Fresh weight of leaves (g)

Fresh weight of fifty leaves randomly from each variety and rep-
lication was calculated with electric balance, averaged and then anal-
ysed.

Dry Weight of leaves (g)

Dry weight of the fifty leaves was calculated from each variety and
replication with the help of electric balance and then averaged and
analysed the data

Whole weight of plant (g)

Whole weight of the plant was calculated with electric balance,
averaged and analysed by using statistics.

Number of leaves/plant

Total number of leaves of the randomly selected plants of the each
variety per replication was counted when plants stopped producing
buds and the recorded data was averaged and then analysed through
statistics.

Number of primary branches

Total number of primary branches was counted, averaged and an-
alysed by using statistics.

Number of secondary branches

Total number of secondary branches was counted, averaged and
analysed by using statistics.

Physical parameters
Fruit length (mm)

Length of ten fruits from each variety and replication was calculat-
ed with help of graduated scale, then averaged the data and analysed.

Fruit diameter (mm)

Diameter of ten fruits from each variety and replication was cal-
culated with help of Vernier Calliper, then averaged the data and ana-
lysed through statistics.

Number of fruits/plot

Total number of fruits of each variety and replication was counted,
averaged and analysed.

Weight of fruits/plot (kg)

Weight of fruits of each variety and replication was calculated by
using electric balance.

Biochemical parameters

Biochemical analyses were done to study the different constituents
of the fruit i.e. total soluble solids (TSS), titratable acidity (TA), Vi-
tamin C (Ascorbic acid). For the determination of all the biochemical
components, fruit juice of all the replications were extracted and ho-
mogenized to study the biochemical attributes.

Total soluble solids (TSS)

For the determination of total soluble solids (TSS) digital Refrac-
tometer (Atago Japan PAL-1) was used. The instrument (Refractrom-
eter) was every time standardised with the distilled water before use
and after use. A single drop of tomato juice was placed on the prism
of refractrometer and TSS (° Brix) was noted direct from the digital
refractrometer scale.

Titratable acidity (TA) (%)

Titratable acidity (TA) was determined, as identified by Hortwitz
(1960). From each sample ten mL of tomato juice was taken in a 100
mL beaker and diluted (1:4) with the distilled water, titrated against
N/10 NaOH solution after adding the 2-3 drops of the  phenolphtha-
lein (C,;H,,0,) as an indicator, till end point was attained. The results
of the TA were expressed as % citric acid.

Calculations were by using the formula:

Where, 0.0064 = correction factor

TSS: TA ratio

The ratio of titratable acidity (TA) and total soluble solids (TSS)
was calculated by

dividing the total soluble solids with the corresponding values of
titratible acidity.

TSS : TA ratio = TSS/TA
Vitamin C (mg 100 g*)

Vitamin C (also known as ascorbic acid) is abundant in vegetables
and fruits. It is a water soluble vitamin and powerful antioxidant.

It was determined by using the method, reported by Ruck (1969).
Each sample of tomato juice of was filtered by the Whatman filter pa-
per. Ten mL aliquot was placed in the round bottom flask, having the
capacity of 100 mL and the volume was made up to mark (100 mL) by
adding the 0.4% oxalic acid. After filtering, 5 mL aliquot was shifted
in a beaker, titrated against dye (2, 6-dichlorophenol indophenol) with
light pink colour as the end point, which persisted for ten-15 seconds.
For the preparation of the dye 42 mg of the baking soda (NaHCO,), 52
mg of 2, 6-dichlorophenol indophenol were dissolved in the distilled
water in volumetric flask. Up to 200 mL volume was made. Following
formula was used for the determination of ascorbic acid,:

Where,
D1 =mL of the dye used in the titration of aliquot

D =mL of dye used in the titration of 1 the mL standard A.A solution
prepared

by adding 1 mL of 0.1% A.A + 1.5 mL the of 0.4% oxalic acid

A= mL of tomato juice used
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V = volume of the aliquot made by the addition of 0.4% oxalic acid

B = mL of aliquot used for the titration

Flow chart for determination of the ascorbic acid content in the tomato juice.

Statistical analysis

Data collected on different parameters was statistically analysed
using software Statistics 8.1. Using this software analysis of variance
(ANOVA) and least significant difference (LSD) were applied.

Results
Plant height (cm)

Maximum plant height (81.2 cm) was noted in TO in super royal
followed by T4 (80.8 cm) at sanam and T5 (73.7 cm) at sanam while
minimum plant height (67.3 cm) was recorded in T6 in super royal.
Overall variety sanam showed better performance than the variety
super royal (Table 2, Figure 4). Statistical analysis revealed that in
variety super royal TO (control) was significantly dissimilar from T2,
T3, TS5, T6 and T7 while T4 and T1 were non-significantly dissimilar
from T°. In variety sanam TO s significantly different from T1, T4 and
T6 while all other treatments are non-significantly different from the
control treatment (Figure 4).

Primary branches

Maximum primary branches (2.9) were noted in super royal at TO
(control) followed by (2.8) in T7 in super royal and (2.5) at T6 in su-
per royal while minimum primary branches (1.5) were noted in T2 in
sanam. Overall super royal showed better performance than the super
(Table 2, Figure 5). To showed significant difference from T2, T3 and
T4 in both varieties sanam and super royal (Figure 5).

Secondary branches

Maximum secondary branches (11.8) were noted in TO followed
by T7 (10.9) and T6 (10.4) while minimum secondary branches (7.9)
were noted in T2 (Table 2, Figure 6). TO showed significant difference
from T1, T2, T3 and TS treatments in both varieties sanam and super
royal (Figure 6).

Stem Girth (mm)

Maximum stem girth (11.3 mm) was noted in T4 at sanam fol-
lowed by (10.1 mm) in T7 at sanam and (10.1 mm) in T3 at sanam
while minimum stem girth (9.4 mm) was noted in super royal at TO.
Overall sanam showed better performance than super royal (Table 2,
Figure 7). Statistical analysis showed that TO is significantly dissim-
ilar from all other treatments in variety super royal. In variety sanam
TO was significantly dissimilar from T4 while all other treatments
were non-significantly different from the control treatment (Figure 7).

Number of leaves/plant

Maximum number of leaves/plant (375.6) was noted in super royal
at T1 followed by (375.5) in T4 at sanam and (325.9) in T7 at sanam.
Minimum number of leaves/plant (215.2) was noted in super royal
in T6 at super royal. Overall sanam showed better performance than
super royal (Table 2, Figure 8). For number of leaves/plant, TO was
significantly different T1, T4 and T6 while non-significantly different
from all other treatments in variety super royal. In variety sanam, TO
was significantly dissimilar from T2, T6 and T7 and non-significantly
from T1, T3, T4 and T5 (Figure 8).

Fresh weight of leaves (g)

Maximum fresh weight of leaves (41 g) was noted in T1 at super
royal followed by (35 g) in T6 at sanam and (33.3 g) in super royal at
T5. Minimum fresh weight of leaves (17.5 g) was noted in super royal
at T7. Overall sanam showed better performance than super royal (Ta-
ble 2, Figure 9). In variety super royal, TO was significantly dissimilar
from T1, T3, T4 and T7 while non-significantly different from T2, T5
and T6. In variety sanam, TO was significantly dissimilar from T1,
T6 and T7 while non-significantly different from all other treatments

(Figure 9).
Dry weight of leaves (g)

Maximum dry weight of leaves (10.3 g) was noted in sanam at
T6 followed by (10 g) at T5 in sanam while minimum dry weight of
leaves (7.2 g) was noted in T1 at super royal. Sanam showed better
performance than super royal (Table 2, Figure 10). In variety super
royal, TO was significantly dissimilar from T1, T3, T4 and T6 while
non-significantly different to T2, T5 and T7. In variety sanam, TO
was non-significantly dissimilar from T2 while significantly different
from all other treatments (Figure 10).

Root length (cm)

Maximum root length (24.2 cm) was noted in T7 at sanam fol-
lowed by (23.1 cm) in sanam at T4 and (23 cm) in sanam at T1 while
minimum root length (19.6 cm) was noted in T5 at super royal. Over-
all sanam showed better performance than super royal (Table 2, Fig-
ure 10). For root length, TO was significantly dissimilar from T1, T4
and T7 while non-significantly different from T2, T3, TS and T6 in
variety sanam. In super royal, TO was non —significantly dissimilar
from TS while significantly dissimilar from T1, T2, T3, T4, T6 and
T7 (Figure 11).

Root weight (g)

Maximum root weight (68.2 g) was noted in T5 at sanam followed
by (61 g) in sanam at T1. Minimum root weight (49.3 g) was not-
ed in T2 at sanam. Overall sanam showed better performance than
super royal (Table 3, Figure 12). In variety super royal, TO showed
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. Pri S d. . Number of 1 / Fresh weight of D ight of
Treatments Plant Height rimary econcary Stem girth umber ot feaves resh weight o ry weight o Root length
Branches Branches plant leaves leaves
Control (TO) 812 A 29A 11.8 A 94 E 291 C 313 C 8.2CD 209 CD
NP (T1) 73.4 ABC 1.5D 9.6B 9.9 BCD 375.6 A 41 A 72 D 23 AB
Humic acid (T2) 723 C 1.7D 8 E 9.7 CDE 2744 C 30 CD 10 A 21.6 BC
FYM (T3) 2.7BC 2C 8.4 DE 10.1 BC 298.9 BC 24 E 8 BC 21 CD
Poultry manure (T4) 80.8 AB 21 C 89 C 113 A 3755 A 27 DE 7.5 CD 23.1 AB
NPK + Humic acid (T5) 73.7ABC 22C 9 CD 9.9 BCD 293.7 C 33.3BC 10 A 19.6 D
NPK+FYM (T6) 673C 25B 104 E 9.6 DE 2152 D 35 B 103 A 21.3 BCD
+ ic acid +
NPK -+ Humic acid +FYM 69.4C 2.8 AB 109 B 101 B 3259 B 175 F 72D 242 A
+PM (T7)

root length.

Table 2: Table showing means values for plant height, primary branches, secondary branches, stem girth, number of leaves/plant, fresh weight of leaves, dry weight of leaves and

Figure 4: Plant height of two varieties (sanam and super royal) in different
treatments (T0: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-
80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4:
Poultry manure @ 5tons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/
ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15 (NPK) + Hu-
mic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure @ 2.5tons/
ha).

Figure 5: Primary branches of two varieties (sanam and super royal) in
different treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha),
T1: 100-80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20
tons’/ha, T4: Poultry manure @ Stons/ha, T5: 50-40-30 (NPK) + Humic
acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15
(NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure
@ 2.5tons/ha).

Figure 6: Secondary branches of two varieties (sanam and super royal) in
different treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha),
T1: 100-80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20
tons/ha, T4: Poultry manure @ Stons/ha, TS: 50-40-30 (NPK) + Humic
acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15
(NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure
@ 2.5tons/ha).

Figure 7: Stem girth of two varieties (sanam and super royal) in different
treatments (T0: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-
80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4:
Poultry manure @ 5Stons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/
ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15 (NPK) + Humic
acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure @ 2.5tons/ha).

N

significant dissimilarity from T1, T2, T3, T4, T6 and T7 while
non-significant dissimilarity from TS. In variety sanam, TO showed
significant difference from T2, T3, T5 and T6 while non-significant
difference from T1, T4 and T7 (Figure 12).
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Figure 8: Number of leaves/plant of two varieties (sanam and super royal)
in different treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha),
T1: 100-80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20
tons/ha, T4: Poultry manure @ Stons/ha, T5: 50-40-30 (NPK) + Humic
acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15
(NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure
@ 2.5tons/ha).

Figure 9: Fresh weight of leaves of two varieties (sanam and super royal)
in different treatments (T0: Recommended Dose: 100-80-60 (NPK kg/ha),
T1: 100-80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20
tons/ha, T4: Poultry manure @ Stons/ha, TS: 50-40-30 (NPK) + Humic
acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15
(NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure
@ 2.5tons/ha).

Figure 10: Dry weight of leaves of two varieties (sanam and super royal)
in different treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha),
T1: 100-80-0 (NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20
tons/ha, T4: Poultry manure @ Stons/ha, T5: 50-40-30 (NPK) + Humic
acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @10tons/ha, T7: 25-20-15
(NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure
@ 2.5tons/ha).

Figure 11: Root length of two varieties (sanam and super royal) in different treat-
ments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).

Whole plant weight (g)

Maximum plant weight (433.6 g) was noted in TO at sanam fol-
lowed by (379.9 g) in T1 at super royal. Minimum average plant
weight (166.2 g) was noted in T6 at sanam. Sanam showed better
performance than super royal (Table 3, Figure 13). For whole plant
weight TO showed significant dissimilarity from all the treatments in
variety sanam. In variety super royal TO showed significant change
from T1, TS and T6 while non-significant difference from T2, T3, T4
and T7 (Figure 13).

Length of leaves (cm)

Maximum length of leaves (6.6 cm) was noted in TO at super royal
followed by (6.5 cm) T2 at super royal. Minimum length of leaves
(5.7 cm) was noted in T7 at super royal. Overall sanam showed better
performance than super royal (Table 3, Figure 14). In variety sanam,
TO showed significant difference from T3 while non-significant dif-
ference from all other treatments. In variety super royal, TO showed
significant difference fom TS5 while non-significant difference from
T1, T2, T3, T4, T6 and T7 (Figure 14).

Width of leaves (cm)

Maximum width of leaves (3.9 cm) was noted in TO at super royal
followed by T6 (3.8 cm) at sanam and TO (3.8 c¢cm) at sanam. Mini-
mum width of leaves (3.5 cm) was noted in T3 at sanam (Table 3, Fig-
ure 15). For width of leaves, TO showed significant difference from T3
and non-significant difference from all T1, T2, T4, T5, T6 and T7 in
variety sanam. In variety super royal TO showed significant difference
from T7 while non-significant difference from T1, T2, T3, T4, TS and
T6 (Figure 15).

Fruit length (mm)

Maximum fruit length (62.7 mm) was noted in T4 at super royal
followed by (61.5 mm) in TS at super royal and (60 mm) in T7 at su-
per royal. Minimum fruit length (51.3 mm) was noted in T3 at sanam.
Overall super royal showed better performance than sanam (Table 3,
Figure 16). In variety sanam TO showed significant difference from
T4, T5 and T7 while non-significant difference from T1, T2, T3 and
T6. TO showed significant difference from T3 and T6 while non-sig-
nificant difference from T1, T2, T4, TS and T7 in variety super royal

(Figure 16).

Fruit diameter (mm)

Maximum fruit diameter (49.9 mm) was noted in T4 at super royal
followed by (48.9 mm) in T7 at super royal and (48.4 mm) in TS at
super royal. Minimum fruit diameter (40 mm) was noted in T3 at
super royal. Overall super royal showed better performance (Table 3,
Figure 17). In variety sanam TO showed significant difference from
T4, T5 and T7 while non-significant difference from T1, T2, T3 and
T6. In super royal variety TO showed significant difference from T1,
T3, T4, TS and T7 while non-significant difference from T2 and T6
(Figure 17).

Total number of fruits/plot

Maximum total number of fruits/plot (180.2) was noted in T4 at
sanam followed by (158.2) in T7 in sanam. Minimum total number
of fruits/plot (85.8) was noted in T6 at super royal. Overall sanam
showed better performance than super royal (Table 3, Figure 18).
In sanam TO showed significant difference from T4, T5, T6 and T7
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Treatments Root weight Wl:::g]l:ltam LT:f‘ilSOf Width of leaves | Fruit length | Fruit diameter Tot?:u?;zllj:: of Tm?:u\?:zlg;t of
Control (T0) 522 CD 4336 A 6.6 A 38 A 545 B 406 C 1292 D 6099 F
NP (T1) 682 A 3799 B 6.4 AB 39 A 532 BC 436 B 1533 C 7256 D
Humic acid (T2) 493 D 269.8 E 65 A 38 A 513 C 403 C 1215 E 4867 G
FYM (T3) 572 BC 269.8 E 59 C 35 C 513 C 40 C 1582 B 6769 E
Poultry manure (T4) 52.8 CD 3007 C 6.3 AB 3.7 AB 627 A 494 A 1802 A 10477 A
NPK + Humic acid (T5) 61 B 2863 D 62 B 38 A 615 A 484 A 154.8 BC 7842 C
NPK+FYM (T6) 522 CD 1662 G 6.3 AB 38 A 53.7BC 41.4 BC 858 F 4503 H
NPKHT}‘)";/;C(;%d FFYM 57.2BC 2728 E 57 C 3.5BC 60 A 489 A 1553 BC 8989 B

plot and total weight of fruits/plot.

Table 3: Table showing mean values for root weight, whole plant weight, length of leaves, width of leaves, fruit length, fruit diameter, total number of fruits/

Figure 12: Root weight of two varieties (sanam and super royal) in different treat-
ments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).

Figure 13: Whole plant weight of two varieties (sanam and super royal) in different
treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP
kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure
@ 5tons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK)
+FYM @10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10
tons/ha +Poultry manure @ 2.5tons/ha).

Figure 14: Leaves length of two varieties (sanam and super royal) in different treat-
ments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).

Figure 15: Leaves width of two varieties (sanam and super royal) in different treat-
ments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons’/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).

Figure 16: Fruit length of two varieties (sanam and super royal) in different treat-
ments (T0: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).

Figure 17: Fruit diameter of two varieties (sanam and super royal) in different treat-
ments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons’/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).
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while non-significant difference from T1, T2 and T3. In super royal,
TO showed significant difference from T2, T3 and T6 while non-sig-
nificant difference from T1, T4, TS5 and T7 (Figures 18 & 19).

Figure 18: Total number of leaves/plot of two varieties (sanam and super royal) in
different treatments (T0: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0
(NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure
@ 5tons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK)
+FYM @10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10
tons/ha +Poultry manure @ 2.5tons/ha).

Figure 19: Tomatoes produced by T4 (poultry manure).

Total weight of fruit/plot (kg)

Maximum total weight of fruits/plot (10477 kg) was noted in T4
at sanam followed by (8989 kg) in sanam at T7 and (7842 kg) in TS at
sanam. Minimum total weight of fruits/plot (4503 kg) was noted in T6
at super royal. Overall sanam showed better performance than super
royal (Table 3). In variety sanam, TO showed significant difference
from T1, T3, T4, T5, T6 and T7 while no-significant change from T2.
In variety super royal TO showed significant difference from T1, T2,
T4, T6 and T7 while non-significant dissimilarity from T3 and TS
(Figure 20).

Figure 20: Total weight of fruit/plot of two varieties (sanam and super royal) in dif-
ferent treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0
(NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure
@ Stons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK)
+FYM @]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10
tons/ha +Poultry manure @ 2.5tons/ha).

Organic matter

In pre harvest organic matter was 1.6. In post-harvest, maximum
organic matter (1.9) was noted in T6 at super royal followed by (1.8)
in T2 at sanam. Minimum organic matter (0) was noted in T7. Overall
sanam showed maximum organic matter than super royal (Table 4,
Figure 21). TO showed significant difference from T1, T2, T3, TS, T6
and T7 while non-significant difference from T4 in variety sanam. In
variety super royal TO showed significant difference from T2, T3, T4,
T5, T6 and T7 while non-significant dissimilarity from T1 (Figure
21).

Treat Or- Electric Total Titrat- Vitamin
ganic | conduc- pH soluble ible TSS:TA
ments L . . C
Matter tivity solids acidity
Control 5.2
(T0) 05D | 293 D | 6.5BC AB 052 A| 101 B | 215 C
3.8 0.37 19.4
NP (T1) 1B 445 B 6.9 A BC E 103 B cD
Humic 0.38
acid (T2) 1.8 A 431 B 6.6 B 34 C DE 9 B 151 D
0.45 18.3
FYM (T3) | 0.6 D 59 A 64 C | 3.8BC C 86 B cb
Poultry
manure 0E 357 C 64 57 A 041 14.1 A 344 A
BC D
(T4)
NPK +
Humic 0.7 C 3.67 C ]632 ;g ?34; 8.6 B 28 B
acid (T5)
NPK+-
FYM 19 A 3.52 C | 6.5BC 42 0.49 87 B 324 AB
BC B
(T6)
NPK +
Humic 3.97 5.0 94 B
acid OF éC 63C AB 0.53 A : 323 AB
+FYM
+PM (T7)

Table 4: Table showing mean values for organic matter, electric conductivity, pH,
total soluble solids, TSS: TA and vitamin C.

Figure 21: Soil organic matter of two varieties (sanam and super royal) in different
treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP
kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure
@ S5tons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK)
+FYM @]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10
tons/ha +Poultry manure @ 2.5tons/ha).

Electric conductivity

In pre harvest EC was 5.55. In post-harvest, maximum electric
conductivity (5.9) was noted in T3 in sanam followed by (4.45) in
T1 at sanam and (4.31) in T2 in sanam. Minimum electric conduc-
tivity (2.93) was noted in TO at super royal. Overall Sanam showed
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maximum organic matter in all treatments than super royal (Table 4,
Figure 22). TO showed significant difference from T1, T2, T3, T4, TS
and T7 while non-significant dissimilarity from T6 in variety sanam.
In super royal, TO showed significant difference from T1, T2, T3 and
T7 while non-significant difference from T4, TS and T6 (Figure 22).

Figure 22: Soil electric conductivity of two varieties (sanam and super royal) in dif-
ferent treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0
(NP kg/ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure
@ Stons/ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK)
+FYM @]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10
tons/ha +Poultry manure @ 2.5tons/ha).

pH

In pre harvest pH was 7. In post-harvest, maximum pH (6.9) was
noted in T1 at super royal followed by T2 (6.6) and TO (6.5). Mini-
mum pH (6.3) was noted in T7 at sanam. Overall Super royal showed
maximum pH (Table 4, Figure23). TO showed significant difference
from T1, T3 and T7 while non-significant difference from T2, T4, T5
and T6 in variety sanam. In variety super royal, TO showed significant
difference from T1 while non-significant difference from all other
treatments (Figure 23). There were 3 groups (A, B, etc.) in which the
means were not significantly dissimilar from one another. All 2 means
of varieties were significantly different from one another (appendix
42).

Figure 23: Soil pH of two varieties (sanam and super royal) in different treatments
(TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha), T2:
Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/ha, T5:
50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @10tons/
ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry
manure @ 2.5tons/ha).

Total Soluble Solids (TSS)

Maximum TSS (5.7) was noted in T4 followed by TO(5.2) and T7
(5). Minimum TSS (3.4) was noted in T2 (Table 4, Figure 24). For
total soluble solids, TO showed significant difference from T1, T2, T3,
T4, TS and T6 while non-significant difference from T7 in sanam. In
super royal, TO showed significant difference from T1, T2, T3, T4, T5
and T6 while non-significant difference from T7 (Figure 24).

Titratable Acidity (TA)

Maximum TA (0.53) was noted in T7 followed by T0 (0.52) and
T6 (0.49). Minimum TA (0.37) was noted in T1 (Table 4, Figure 25).
TO showed significance difference from T6, T5, T4, T3, T2 and T1
while non-significant difference in both the varieties sanam and super
royal (Figure 25).

Figure 24: Total Soluble Solids of two varieties (sanam and super royal) in different
treatments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/
ha), T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/
ha, T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM
@]10tons/ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha
+Poultry manure @ 2.5tons/ha).

Ratio of Titratable Acidity and Total Soluble Solids (TSS:
TA)

Maximum TSS: TA (14.1) was noted in T4 followed by T1 (10.3)
and TO (10.1). Minimum TSS: TA (8.6) was noted in T3 and T5 (Table
4, Figure 26). In both varieties, TO showed significant difference from
T4 while non-significant difference from all other treatments (Figure
26).

Figure 25: Titratable acidity of two varieties (sanam and super royal) in different treat-
ments (TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha),
T2: Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ 5tons/ha,
T5: 50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @ 10tons/
ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry
manure @ 2.5tons/ha).

Figure 26: TSS: TA of two varieties (sanam and super royal) in different treatments
(TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha), T2: Hu-
mic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/ha, T5:
50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @ 10tons/ha,
T7:25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry manure
@ 2.5tons/ha).
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Vitamin C

Maximum Vitamin C (34.4 mg/100mL) was noted in T4 followed
by T6 (32.4 mg/100mL) and T7 (32.3 mg/100mL). Minimum Vitamin
C (15.1 mg/100mL) was noted in T2. (Table 4, Figure 27). In both the
varieties TO showed significant difference from T1, T2, T3, T4, TS
and non-significant difference from T6 and T7 (Figure 27).

Figure 27: Vitamin C of two varieties (sanam and super royal) in different treatments
(TO: Recommended Dose: 100-80-60 (NPK kg/ha), T1: 100-80-0 (NP kg/ha), T2:
Humic acid @ 35kg/ha, T3: FYM @ 20 tons/ha, T4: Poultry manure @ Stons/ha, TS:
50-40-30 (NPK) + Humic acid @17.5kg/ha, T6: 50-40-30 (NPK) +FYM @]10tons/
ha, T7: 25-20-15 (NPK) + Humic acid @17.5kg/ha +FYM @ 10 tons/ha +Poultry
manure @ 2.5tons/ha).

Discussion

Statistical analysis of data of present experiment revealed that
fertilizer applications have significant effect with the parameter of
number of leaves/plant. T1, T3, T4, T6 differ from control but no
significant difference was found between control and T2, T5. Maxi-
mum number of leaves/plant (375.6) was recorded in in super royal
at T1 followed by (375.5) in T4 at sanam and (325.9) in T7 at sanam.
These results differ from [69], who assumed that number of leaves has
linear significant difference with the inorganic fertilizer treatments.
Their results showed decreased number of leaves with the increase
of inorganic fertilizers. Sanam (V1) was proved better variety over
super royal; it produced maximum average number of leaves/plant
(337.3). These results are at per [70], who stated that there exists sig-
nificant difference between two varieties and Shah Alam gave maxi-
mum number of leaves. Statistical analysis of data of present exper-
iment revealed that fertilizer applications have significant effect on
the height of plant. Statistical analysis reveals that in variety super
royal TO (control) is significantly dissimilar from T2, T3, T5, T6 and
T7 while T4 and T1 are non-significantly changed from TO. In variety
sanam T0 was significantly different from T1, T4 and T6 while all the
other treatments are non-significantly different from the control treat-
ment. Maximum plant height (81.2 cm) was noted in TO at super royal
followed by T4 (80.8 cm) at sanam and T5 (73.7 cm) at sanam. These
outcomes are in conformity with the outcomes of [71], who described
that linear increase in plant height with the increase in plant height
with the increase of fertilizer recommended dose. Sanam (V1) was
proved better variety over super royal; it produced maximum average
plant height (75.1 cm) while there were no significant pairwise differ-
ences among the means of varieties. These findings deviate from the
findings of [72] who found significant dissimilarity amongst varieties
and noted best results with Pulkara. These findings also differ from
the results of [70], who reported significant dissimilarity between dif-
ferent varieties. These deviations are probably due to the difference of
varieties used or difference in the climatic conditions.

Statistical analysis of data of present experiment revealed that fer-
tilizer applications have significant effect on the primary branches.
TO shows significant difference from all the treatments. Maximum
primary branches (2.9) were found in super royal at TO (control) fol-
lowed by (2.8) in T7 in super royal and (2.5) at T6 in super royal.
Maximum average primary branches (2) were perceived by sanam.
These findings are in conformity with the results of [73] who stated
that NPK shows best results regarding the branches.

Statistical analysis of data of present experiment revealed that fer-
tilizer applications have significant effect on the secondary branches.
Significant difference exists between control and all the treatments.
Maximum secondary branches (11.8) were noted in TO followed by
T7 (10.9) and T6 (10.4). Both the varieties show no significant dif-
ference in average secondary branches and there were no significant
pairwise differences among the means of varieties. These results are
in conformity with the results of [73] who stated that by increasing
NPK number of secondary branches also increases, they have direct
relation but there was no significant difference between the different
varieties. So it is proved that the parameter secondary branches have
no significant effect among varieties.

Statistical analysis of data of present experiment revealed that
fertilizer applications have significant effect on the stem girth. TO is
significantly different from all other treatments in variety super royal.
In variety sanam TO is significantly different from T4 while all other
treatments are non-significantly different from the control treatment.
Maximum stem girth (11.3 mm) was noted in T4 at sanam followed
by (10.1 mm) in T7 at sanam and (10.1 mm) in T3 at sanam. Sanam
(V1) was proved better variety over super royal; it produced maxi-
mum average stem girth (10.4 mm) while all two means were signifi-
cantly different from one another. These outcomes are similar to the
results of [74] who reported that organic fertilizers plays an important
role in the growth of the plant, by proper using organic fertilizers we
can increase the stem girth.

For fresh weight of leaves, in variety super royal, TO was sig-
nificantly dissimilar from T1, T3, T4 and T7 while non-significantly
different from T2, TS and T6. In variety sanam, TO was significant-
ly dissimilar from T1, T6 and T7 while non-significantly dissimilar
from all other treatments. Maximum fresh weight of leaves (41.5 g)
was noted in T1 at super royal followed by (35 g) in T6 at sanam
and (33.3 g) in super royal at TS. These results are similar with the
results of [19] who reported that using fertilizers has a significant im-
pact the leaves, by using fertilizers with proper care and management
leaves would be healthy. Minimum average fresh weight of leaves
(31.1) was perceived in Sanam (V1). While there were no significant
pairwise differences among the means. Results are different from the
results of [19]. Results differ may be due to difference in the climatic
conditions and the difference in the selection of varieties.

For dry weight of leaves, in variety super royal, TO was signifi-
cantly dissimilar from T1, T3, T4 and T6 while non-significantly dis-
similar to T2, T5 and T7. In variety sanam, TO was non-significantly
different from T2 while significantly dissimilar from all other treat-
ments. Maximum average dry weight of leaves (9.4 g) was perceived
in Sanam (V1). All 2 means were significantly dissimilar from one
another. T1, T2, T3, T5, T6 and T7 showed significance change with
control treatment. Maximum dry weight of leaves (10.3 g) was noted
in sanam at T6 followed by (10 g) at T5 in sanam. The findings are in
conformity with the results of [74] who stated that the parameter dry
weight of leaves has direct relation with the use of fertilizers.
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Maximum root length (23.1 cm) was perceived in Sanam (V1).
Results revealed that TO was significantly dissimilar from T1, T4 and
T7 while non-significantly different from T2, T3, TS and T6 in variety
sanam. In super royal, TO was non-significantly dissimilar from T5
while significant dissimilar from T1, T2, T3, T4, T6 and T7. Max-
imum root length (24.2 cm) was noted in T7 at sanam followed by
(23.1 cm) in sanam at T4 and (23 cm) in sanam at T1. Results are in
conformity with the results of [45]. He stated that fertilizers improve
the structure of root. The addition of fertilizers has a significant effect
on the roots of different varieties. Sanam (V1) showed better perfor-
mance, as it perceived maximum average root weight (56.8).

Results revealed that in variety super royal, TO showed significant
difference from T1, T2, T3, T4, T6 and T7 while non-significant dif-
ference from T5. In variety sanam, TO shows significant difference
from T2, T3, TS and T6 while non-significant difference from T1, T4
and T7.

Maximum root weight (68.2 g) was noted in TS at sanam followed
by (61 g) in sanam at T1. These findings are in conformity with the
[45], who reported that fertilizers improve the structure of root. The
addition of fertilizers has a significant effect on the roots of different
varieties, using fertilizer have direct relation with the parameter root
weight.

Maximum length of leaves (6.3 cm) was perceived in Sanam (V1).
There were no significant pairwise differences among the means. T1,
T3, T4, TS5, T6 and T7 revealed significance difference with control
treatment. Maximum length of leaves (6.6 cm) was noted in TO at
super royal followed by (6.5 cm) T2 at super royal. Results are similar
to the results of [74] who stated the similar results he concluded that
the NPK is the best treatment for the parameter length of leaves but it
has no effect no different varieties.

Fertilizers showed no valuable effect on the width of leaves. Sta-
tistical analysis of data revealed no significant difference between T1,
T2, TS, T6 and control treatment. T3, T4, T7 showed significant dif-
ference with control treatment. Maximum width of leaves (3.9 cm)
was noted in T1 followed by T6 (3.8 cm) and TO (3.8 c¢cm). There
was no significant difference of width of leaves between the variet-
ies. There were no significant pairwise differences among the means.
Our findings showed no significant of this parameter, results differ
from the results of [74] who reported that the width of leaves has a
significant effect on the width of leaves between different varieties.
This difference is due to the difference in the fertilizers used and the
difference in environmental conditions.

Maximum average fruit length (60.3 mm) was perceived in V2
(Super Royal). All 2 means were significantly different from one an-
other. Significant difference was found between all treatments and
control treatment. Maximum fruit length (62.7 mm) was noted in T4
at super royal followed by (61.5 mm) in TS at super royal and (60
mm) in T7 at super royal. The findings are in conformity with the
results of [73] who reported the same results. He stated that use of
fertilizer has a great impact on the fruit length; it can increase the
length of fruit.

Maximum average fruit diameter (46.7 mm) was perceived in Su-
per Royal (V2). All 2 means of varieties were significantly different
from one another. Significant difference was found between control
(TO0) and T1, T4, T5, T6, T7. Maximum fruit diameter (49.9 mm) was
noted in T4 at super royal followed by (48.9 mm) in T7 at super royal
and (48.4 mm) in TS at super royal. The results are in conformity with
the results of [73].

Data analyzing regarding total number of fruits reveals that there is
a significant difference among two varieties. Maximum total number
of fruits/plot (169.1) was perceived in Sanam (V1). All 2 means were
significantly different from one another. Significant difference was
found between control and all treatments. Maximum total number of
fruits/plot (180.2) was noted in T4 at sanam followed by (158.2) in
T7 in sanam. Results are in conformity with the results of [74] who
reported that poultry litter has high concentration of nutrients , so by
adding adequate amount of poultry litter with proper care can meet
the requirements of crop nutrients, as it is inexpensive source of both
macro and micro nutrients, it enhance the soil microbiology and fruit
quantity.

Maximum total weight of fruits/plot (7261.2 kg) was perceived in
Sanam (V1). Significant difference was noted between control and all
treatments. Maximum total weight of fruits/plot (10477 kg) was noted
in T4 at sanam followed by (8989 kg) in sanam at T7 and (7842 kg) in
T5 at sanam. Results are similar with the results [74].

Maximum organic matter (1.1) was perceived in Sanam (V1). All
2 means were significantly dissimilar from one another. T1, T2, T4,
T5, T6 and T7 revealed significant dissimilarity with control treat-
ment. Maximum organic matter (1.9) was noted in T6 at super royal
followed by (1.8) in T2 at sanam. Results are similar with the [57],
who reported that in Pakistan, PYM is the most important organic
manure as it is cheap and easy available, it is estimated that about
1.5 million tons of nutrients are obtainable from the poultry manure.
PYM increases the quality and quantity of tomato.

Maximum electric conductivity (4.36) was perceived in Sanam
(V1). All 2 means were significantly different from one another.All
treatments revealed significant difference with control. Maximum
electric conductivity (5.9) was noted in T3 in sanam followed by
(4.45) in T1 at sanam and (4.31) in T2 in sanam. It is important to
know that EC above 4 is not good for the crop; it means that T3 has
a negative effect on the crop as it has 5.9 EC. The results are in con-
formity with the [45], who reported that electric conductivity has a
significant effect on the tomato varieties.

TSS showed no significant difference on varieties. Significant dif-
ference was found between control (T0) and T1, T2, T3, T4, TS5, T6.
Maximum TSS (5.7) was noted in T4 followed by TO0 (5.2) and T7
(5). Our results related to TSS are in conformity with the findings of
Princi et al., (2011).

TA showed no significant difference on varieties while effect on
TA by treatments was found significant. Maximum TA (0.53) was
noted in T7 followed by T0 (0.52) and T6 (0.49). Our results are sup-
ported by the findings [76].

Significant difference was found in the Vitamin C regarding all
treatments. Maximum Vitamin C (34.4) was noted in T4 followed by
T6 (32.4) and T7 (32.3). Vitamin C was revealed maximum in the T4
treatment, other treatments reduces the amount of vitamin C.

Maximum average Vitamin C was noted (25.5) in Super Royal
(V2). Our results are supported by the results of [77-92].

Conclusion

Tomato variety Sanam performed far better as compared to variety
Super Royal in agro climatic conditions of Mansehra. Tomato variety
Sanam revealed better average plant height (75.1 cm) as compared to
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Super Royal (72.6 cm). Tomato variety Sanam revealed better aver-
age primary branches (2) as compared to Super Royal (1.9). Tomato
variety Sanam revealed maximum average stem girth (10.4 mm) as
compared to Super Royal (9.7 mm). Tomato variety Sanam revealed
maximum average number of leaves (337.3) as compared to Super
Royal (275.2). Tomato variety Sanam revealed maximum average
fresh weight of leaves (31.1 g) as compared to Super Royal (28.9
g). Tomato variety Sanam revealed maximum average dry weight of
leaves (9.4) as compared to Super Royal (7.7 g). Tomato variety Sa-
nam revealed better average root length (23.1 cm) as compared to Su-
per Royal (20.6 cm). Tomato variety Sanam revealed better average
root weight (56.8 g) as compared to Super Royal (55.5 g). Tomato
variety Sanam revealed better average whole plant weight (296.1 cm)
as compared to Super Royal (285.6 cm). Tomato variety Sanam re-
vealed better average length of leaves (6.3 cm) as compared to Super
Royal (6.2 cm). Tomato variety Sanam revealed better average of to-
tal number of fruits /plot (169.1) as compared to Super Royal (115.5).
Tomato variety Sanam revealed better average weight of total number
of fruits /plot (7261.2 kg) as compared to Super Royal (6939.3 kg).
Tomato variety Sanam revealed maximum average of organic matter
(1.1) as compared to Super Royal (0.1). Tomato variety Sanam re-
vealed maximum average of Electric conductivity (4.36) as compared
to Super Royal (3.72). Tomato variety Sanam revealed better aver-
age of TSS: TA (9.9) as compared to Super Royal (9.8). Secondary
branches showed no difference between both the varieties Sanam and
Super Royal. Width of leaves showed no difference between both the
varieties Sanam and Super Royal. Total soluble solids showed no dif-
ference between both the varieties Sanam and Super Royal. Titratible
acidity showed no difference between both the varieties Sanam and
Super Royal.

In case of different fertilizer treatments, T4 was proved to be the
better fertilizer as compared to the other fertilizers. Maximum fruit
length (62.7 mm) and fruit diameter (49.9 mm) was shown under T4.
Maximum total number of fruits/plot (180.2) was shown under the
treatment T4. Maximum weight of total number of fruits/plot (10477
kg) was shown under the treatment T4. Maximum total soluble solids
(5.7) were shown under the treatment T4. Maximum ratio of TSS and
TA (14.1) was shown under the treatment T4. Maximum vitamin ¢
(34.4) was shown under the treatment T4.

Recommendations

According to the environmental conditions of Mansehra, sanam
is better and suitable variety and it is strongly recommended to be
preferred over Super Royal. Fertilizer treatment T4 (poultry manure)
showed better yield and total soluble solids in the fruit, so use of T4
is recommended to achieve the maximum yield. Fertilizer treatment
T6 reduces the yield, so it is not recommended for use. It is strongly
recommended to investigate the effects of T4 on other crops also.
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