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Abstract | Tomato are perishable fruit and its growth, yield and quality depends on the management prac-
tices. Tomato attributes were studied under controlled condition using manures and pressmud incombina-
tion with foliar spray of macro-nutrients and naphthalien acetic acid (NAA) and compared with inorganic
soil applied fertilizers. The results of the study showed significantly higher number of branches, chlorophyll
content in the treatment recieving inorganic fertilizers, the manures in combination with foliar NPK was
comparable. The yield attributes showed that ten fruit weight were greater in the soil applied inorganic fer-
tilizer and it was statistically at par with treatments recieving manure with foliar NPK. Number of fruits per
plant were recorded highest in the pots recieving poultry manure either with Foliar NPK or NAA. The yield
of tomato was found greater in the treatments recieving soil applied NP, which was statistically similar in
the treatment recieving poultry manure with foliar NPK. The treatments in the current study have shown
to influence the qualitative parameter of tomato as total soluble solids, while the water content and fruit pH
were non significantly changed. Soil properties including soil pH, bulk density, soil organic matter, total ni-
trogen and extractable phosphorus was significantly altered amongst the treatments. Tomato showed positive
response to the organic fertilizers applied along the foliar nutrients in terms of growth, yield and quality. It
may be concluded that poultry manure applied along with NAA was comparable with the inorganic fertilizer
in improving the growth and yield of tomato, but had the advantage over the inorganic fertilizer in improving
the soil properties.
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Introduction ishable crop but can be stored as a post-harvest. In Pa-

kistant the area under tomato cultivation during 2014

Tomato (Lycopersicum esculentum) belongs to fam-
ily solanaceae, is an important vegetable grown
on vast area in the world and is ranked 2" amongst
the other vegetables. Tomato is used in the daily diet
for its nutritive qualities as a rich source of lycopene,
vitamins and several other minerals. Tomato is a per-

— 15 was 1689 ha, with production of 142113 tons
(GOP, 2014-15). Tomato crop show good response
to manures and inorganic fertilizer (Ramyabharathi
et al.,, 2014). The inorganic fertilizers are considered
important for enhancing yield of crops. But due to
increase in price (Jagadeesha, 2008) and certain types
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of environmental hazards related to inorganic ferti-

lizer, have triggered the use of organic fertilizer (Song
et al., 2017).

Organic manures have been used for years, but the yield
obtain through these is far below the chemical fertilizers.
Organic materials i.e. farm yard manure and compost
from crop residues, are insufficient to overcome nutrient
deficiency of a crop (Ilupeju et al., 2015). It has been
found that tomato applied with manures, compost etc.
in the later stage of growth require a supplementary nu-
trition that can be supplied through foliar spray of nu-
trients (Kotota and Osiniska, 2000). Havlin et al. (2013)
reported that fruit and vegetables require adequate
amount of potassium to improve the qualitative proper-
ties i.e. size, taste, color etc. Potassium applied through
foliar application influence the lycopene contents of to-
mato fruit (Lester et al.,; 2007). Moderate concentration
of other nutrients through foliar application may have
beneficial influence on the growth and quality of tomato
(Souri and Dehnavard, 2017). Foliar nutrition is rapid-
ly utilized by the plants. It has been also emphasized
that the application through soil may lead to certain
types of contamination to the ground water, so appli-
cation of plant through foliar supplement with the soil
fertilization is more beneficial (Krishnan et al., 2014).

Also the foliar application of Plant growth regulators
(PGRs) are being extensively used for improving the
growth and yield of horticultural crops (Batlang, 2008
and Serrani et al., 2007). They are the biological stim-
ulants required in a very minute quantity for different
bio — chemical processes, which finally results in the
growth and yield of plants. The plant growth regula-
tors are used to enhance the efficiency of metabolic
process (Golzade et al., 2011). The PGR are organic
naturally occurring substances they have the ability
to effect the plant growth and physiological process-
es i.e. cell division, differentiation and development,
stress responses and reproductive activities. The most
common types of PGRs belonging to auxins family
which are naturally occurring are indole-acetic acid
(IAA) and Indole Butyric acid (IBA) while naphtha-
lene acetic acid (NAA) and 2,4-diclorophenoxyacetic
acid (2,4-D) are the synthetic auxin. The other PGRs
include gibberellin and cytokinins.

Current study has been designed with objective to in-
vestigate the effect of integrated use of manure, press-
mud with foliar NPK and NAA and compare with
sole NPK in soil and as foliar spray on the qualitative
and quantitative traits of tomato.

Materials and Methods

To investigate the effect of organic amendments for-
tified with foliar NPK and NAA on soil properties,
quality and yield attributes of tomato a study was
carried out at Institute of Soil and Environmental
Sciences, Gomal University, Dera Ismail Khan (Paki-
stan). The experiment was carried out in earthen pots
of size 20319.82 cm®. Each pot was filled with 20 kg
air dried soil brought from the bank of indus river.
The organic amendments used in the experiment as
the Farm yard manure and poultry manure were lo-
cally available from the dairy and poultry sheds res-
pectively. Pressmud was obtained from Chashma Su-

gar Mills D. I. Khan.

The experiment was laid out in Complete Rando-
mized Design (CRD) with nine treatmentsi.e. T : 160
kg N ha'and 120 kg P ha™; T ,: Farm Yard Manure @
5 t ha™' + Foliar application of NPK; T.: Poultry Ma-
nure @ 5 t ha+ Foliar application of NPK; T : press-
mud@ 10 t ha"'+ Foliar application of NPK; T': Farm
Yard Manure @ 5 t ha! + Growth Regulator (NAA);
T,: Poultry Manure @ 5 t ha™ + Growth Regulator
(NAA); T.: pressmud @ 10 t ha' + Growth Regu-
lator (NAA); T,: Foliar application of NPK sole; T\

Control. Each treatment was replicated three times.

Tomato verity Rio — grande early was used. The seed
were sown on 21% November and nursery was trans-
planted to the respective pots in the 2" week of Febru-
ary. Foliar application of NPK was purchased from the
local market containing NPK @ 19:19:19 (power su-
per) and NAA @ 0.02% were used as foliar spray after

30 days of transplantation, flowering and fruiting stage.

Growth, Yield and Quality Parameters of Tomato
Growth, yield and quality parameters studied in the
experiment were number of branches per plant, Chlo-
rophylles content, ten fruit weight, number of fruit
per plant, fruit yield, total soluble solid, fruit mosi-
ture content and fruit pH. Fruit yield was measured
in gram per pot and was converted to t ha™ using the
area of the pots.

Physico — chemical analysis of soil

Physico — chemical characteristics of soil including
texture (Gee and Bauder, 1982), electrical conductivi-
ty (ECe), pH (Ryan et al., 2001), bulk density (Blake
and Hartage, 1986), organic matter (Nelson and
Sommer 1982), Soil total nitrogen (Bremner, 1996)
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and extractable phosphorus (Olsen et al., 1954). The
composition of original soil, manures and pressmud
are given in Table 1. The quantitative and qualitative
parameters of tomato were also measured.

Table 1: Physico — chemical characteristics of soil.

Parameters Soil

Total Organic Carbon (%) 0.28

pH 7.86

EC (pSm™) 843

N (%) 0.022
Extractable P,O, (mg kg™) 5.89

Soil Texture Sandy Clay loam

Chemical analysis of FYM, poultry manure and press-
mud

Chemical analysis of FYM, poutry manure and press-
mud were carried out using procedure given by Tandon
etal. (2005) for pH, EC and Organic matter. Nitrogen
was determined by Kjeldhal method (Ryan etal.,2001)
using digestion mixture of K. SO, + FeSO, + CuSO,
in 85: 10: 5 (g), respectively. Phosphorus and potassi-
um was measured in samples by wet digestion using
nitric acid-per chloric acid (HNO,-HCIO,) (Jack-
son, 1960) and absorbance was recorded for phospho-
rus using spectrophotometer at 410 nm while potas-
sium was analyzed using flame photometer (Table 2).

Table 2 : Composition of manures and pressmud used in
the experiment.

Parameters Farmyard Poultry Pressmud
Manure  Manure

Total Organic Carbon (%) 21.73 28.79  25.25

pH 8.10 7.04 7.86

EC (uSm™) 990 678 1023

N (%) 0.94 1.08 096

C:N 23.11 26.65 26 .30
Phosphorus (%) 0.24 0.96 0.56

Statistical analysis was carried out by using the tech-
niques and procedures as suggested (Steel et al., 1997).
LSD test was applied to compare the different means
of treatments.

Results and Discussion

Number of branches and cholorphyll content as affected by
the treatments
In the study significantly (P<0.05) different number

of branches per plant were recorded in the treatments.

Among the treatments maximum number of branch-
es were found in the treatment receiving NP fertiliz-
ers @ 160 and 120 kg ha™ (T,) which was 20.33, it
was statistically at par with the treatments receiving
different manures along with the foliar NPK. While
the lowest value for number of branches per plant was
recorded in the control having value of 9.3 (Table 3).
Significantly increased number of branches by the ap-
plication of different levels of poultry manure (Ewulo
et al., 2008). The effect was due to application of ma-
nure on the growth parameters.

Table 3: Effect of wvarious treatments on Number of
Branches and Chlorophyll content.

Treatments No.of  Chlorophyll
branches content (pg
per plant m?)

T1:160 kg N ha and 120 kg P ha™ 20.33a 46.65a

T2: Farm Yard Manure @ 5 t ha'+ 14.16ab 48.3a

Foliar application of NPK

T3: Poultry Manure @ 5 t ha'+ 14.33ab  47.06a

Foliar application of NPK

T4: Pressmud@ 10 t ha'+ Foliar 15.83ab  46.35a

application of NPK

T5: Farm Yard Manure @ 5 t ha' + 13.5ab 43.93abc

Growth Regulator (NAA.

Té6: Poultry Manure @ 5 t ha! + 11.33b  44.76ab

Growth Regulator (NAA)

T7: Pressmud @ 10 t ha! + Growth 16.33ab  48.28a

Regulator (NAA)

T8: Foliar application of NPK sole 13.66ab  39.25bc

T9: Control 9.3b 38.65¢

LSD 7.968 5.851

0.05
Means followed by different letter(s) in a column are statistically
significant at 5 % probability level; NS: Non Significant.

Chlorophyll content of tomato leaves were signifi-
cantly affected by the application of treatments. The
results showed greater chlorophyll content of 48.3 p
g cm? in the treatment receiving FYM @ 5tons ha™
along with the foliar application of NPK. It was at
par with rest of the treatments, except the treatments
where sole NPK was applied (Table 3). While the
lowest was recorded in the control yielding 38.65 p g
cm? The application of manures with the foliar spray
and growth regulators have increased the vigour and
greenness of the plants. Significant increase in total
Chlorophyll (pg cm™) at 60 days after transplanting,
maximum chlorophyll was found by application of
NAA and minimum was found in control (Subhash
et al., 2014).
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Table 4: E Jffect of various treatments on yield attributes of ftomatoes.

Treatments

T1:160 kg N ha™ and 120 kg P ha™

T2: Farm Yard Manure @ 5 t ha™'+ Foliar application of NPK
T3: Poultry Manure @ 5 t ha™'+ Foliar application of NPK
T4: Pressmud@ 10 t ha™'+ Foliar application of NPK

T5: Farm Yard Manure @ 5 t ha + Growth Regulator (NAA)
T6: Poultry Manure @ 5 t ha'! + Growth Regulator (NAA)
T7: Pressmud @ 10 t ha? + Growth Regulator (NAA)

T8: Foliar application of NPK sole

T9: Control

LSD

0.05

Ten Fruit No. of fruits  Yield of Toma-
Weight (g) per plant toes (tha!)
501.33a 20.66bc 11.843a
439.66ab 21.33bc 8.808cd
405.33abcd  35.33a 10.596ab
440.66ab 24.5b 9.864bc
282cde 23bc 10.108bc
285.33cde 34.66a 9.295bcd
418.66abc 23.66b 8.049de
269.33de 21.33bc 8.184de
248 e 18.16 ¢ 6.938 ¢
139.27 2.4433 0.720

Means followed by different letter(s) in a column are statistically significant at 5 % probability level.

Table 5: Effect of various treatments on qualitative parameters of tomatoes.

Treatments

T1:160 kg N ha and 120 kg P ha™

T2: Farm Yard Manure @ 5 t ha™'+ Foliar application of NPK
'T3: Poultry Manure @ 5 t ha™'+ Foliar application of NPK
T4: Pressmud@ 10 t ha'+ Foliar application of NPK

T5: Farm Yard Manure @ 5 t ha™ + Growth Regulator (NAA)
T6: Poultry Manure @ 5 t ha™ + Growth Regulator (NAA)
T7: Pressmud @ 10 t ha' + Growth Regulator (NAA)

T8: Foliar application of NPK sole

T9: Control

LSD

0.05

Total soluble solids (%) Total water content (%) Fruit pH

3.16b 88.97M 4.02N8
3.43b 86.99 3.95
3.30b 87.31 3.99
5.43a 85.86 3.96
4.00ab 85.03 4.03
5.1a 87.99 4.02
3.70ab 88.06 3.98
2.63b 86.05 3.93
2.83b 90.36 4.01
1.849 NS NS

Means followed by different letter(s) in a column are statistically significant at 5 % probability level; NS: Non — significant.

Yield parameters of tomato as influenced by the treatments
Ten fruit weight was found significantly different
amongst treatments. Maximum fruit weight per plant
was observed in T, (501.33 g) receiving soil applied
NP fertilizers. Whereas, the lowest fruit weight was
noticed in control 248 g (Table 4). Similar results for
higher fruit weight by poultry manure over cow and
sheep manures have been recorded (Mehdizadeh et
al., 2013). Fruit weight of tomato was found signifi-
cantly higher by application of NAA after 60 days of
transplantation (Subhash et al., 2014).

Number of fruit per plant were significantly affect-
ed by the use of different treatments (P<0.05). The
greater number of fruits were observed in treatment
T, (Poultry manure+ foliar application of NPK)
which was 35.33 t ha; over control having 18.16 t
ha (Table 4). Higher number of fruits per plant of
tomato were attained by the application manures and
compost over the control receiving NPK commercial

fertilizers (Kandil and Gad, 2010). Also application
of inorganic fertilizers with and without bio-fertiliz-
ers were studied and it was found that integrated use
of inorganic fertilizers with bio-fertilizer gave highest
number of tomato fruit that those without biofertiliz-

ers (Jagadeesha, 2008).

The results indicated that yield of tomato was signif-
icantly (P<0.05) affected by the application of inor-
ganic and organic fertilizers. Highest yield of 11.84 t
ha! tomato was recorded in treatment NP @ 160-120
kg ha (T,), while the least value for yield of tomato
was calculated 6.93 t ha™ in the control without fer-
tilizers and manures. The yield increased in the soil
applied inorganic fertilizers treatments may be due to
readily available nutrients, while in the poultry ma-
nure the physico — chemical characteristics have been
improved and the foliar application of NPK supple-
mented in the nutrients content and enhance the yield
of tomato. As nitrogen, phosphorus and potassium
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Table 6: Effect of various treatments on Physico chemical characteristics of soil.

Treatments

T1:160 kg N ha™ and 120 kg P ha™

T2: Farm Yard Manure @ 5 t ha™'+ Foliar application of NPK
T3: Poultry Manure @ 5 t ha™+ Foliar application of NPK
T4: Pressmud@ 10 t ha™'+ Foliar application of NPK

T5: Farm Yard Manure @ 5 t ha + Growth Regulator (NAA)
T6: Poultry Manure @ 5 t ha'! + Growth Regulator (NAA)
T7: Pressmud @ 10 t ha? + Growth Regulator (NAA)

T8: Foliar application of NPK sole

T9: Control

LSD

0.05

Soil pH Bulk Density (gecm™®) Organic matter content (%)

Means followed by different letter(s) in a column are statistically significant at 5 % probability level.

Table 7: Effect of various treatments on soil total nitrogen and extractable phosphorus.

Treatments

T1:160 kg N ha™ and 120 kg P ha™

T2: Farm Yard Manure @ 5 t ha™'+ Foliar application of NPK
'T3: Poultry Manure @ 5 t ha™'+ Foliar application of NPK
T4: Pressmud@ 10 t ha'+ Foliar application of NPK

T5: Farm Yard Manure @ 5 t ha™ + Growth Regulator (NAA)
T6: Poultry Manure @ 5 t ha' + Growth Regulator (NAA)
T7: Pressmud @ 10 t ha! + Growth Regulator (NAA)

T8: Foliar application of NPK sole

T9: Control

LSD

0.05

7.10b  1.23ab 0.47¢
7.62a  1.05¢ 0.69bcd
7.12b  1.02c 0.8467ab
7.30ab  1.09bc 0.6333cde
7.80a  1.16abc 0.79abc
7.30ab 1.10bc 0.92a
7.60c  1.08c 0.78abc
7.70a  1.16abc 0.5533de
8.20a 1.25a 0.44¢
1.01 0.0706 0.0954
Total N (%) Extractable P (mgkg™)
0.027de 7.08 ab
0.034bcd 6.62 abc
0.042ab 7.93a
0.031cde 7.69 a
0.039abc 7.67 a
0.046a 7.18 ab
0.039abc 6.98 ab
0.023e 5.50 bc
0.022¢ 4.85c
0.00467 0.9229

Means followed by different letter(s) in a column are statistically significant at 5 % probability level.

are macronutrients required in greater quantity, which
cannot be fulfilled by foliar applications as higher
quantity causes burning and desiccation. Similarly,
higher yield of tomato was recorded by application of
chicken manures over the control. Chicken manure
treatment gave approximately 50% greater yield than
the control (Agyeman et al., 2014).

Qualitative parameters of fomato as influenced by the
treatments

The result showed significantly higher Total Soluble
Solids (TSS) in treatment T, which was 5.43% (Table
4) with the lowest of 2.83% found in control (T,). The
highest value of TSS in the pressmud + foliar NPK
and growth regulator treatments may be due to the
enhancement of growth stimulating substance, which
increased the qualitative characters as carbohydrate,
vitamins etc. A study was conducted to determine
the effect of growth regulators i.e. Gibbrillic acid and
2,4-dichlorophenoxyacetic acid on tomato fruit and
it was found that total soluble solids were increased

when these growth regulators were sprayed alone or
in combination (Gelmesa et al., 2010).

Wiater content of tomato is an important quality
parameter which determines its perishability. Total
moisture content was non - significantly influenced
by the application of different treatments (Table 5).
The highest water content was found 90.36% in the
control which is at par with rest of the treatments
except T, which was the lowest 85.03 %. It is evi-
dent from the results the application of nutrients
and manure were effective in lowering of the mois-
ture content. The greater moisture content in inorganic
tertilizers treatments may be attributed to the nitrogen
fertilizer which increases the succulence of the fruit. The
uptake of water by tomato and its relation to the plant
is complex phenomenon (Guichard et al., 2005). Lower
moisture content of tomato in the organic amendment
as compared with the conventional inorganic fertilizers
was recorded in another study (Pieper and Barrett,2008).
The results regarding the fruit pH of tomato was
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found non - significantly (P<0.05) altered by the ap-
plication of different treatments. However the highest
value for pH of 4.03 was recorded in the soil receiving
Farmyard manure along with the growth regulators,
while the lowest was found in T which was treated

8
with the foliar application of NPK alone (Table 5).

Comparing the effect of conventional inorganic fer-
tilizer with organic method on qualitative parameters
of tomato; it was found fruit pH was non significantly
changed amongst the two methods (Pieper and Bar-
rett, 2008).

Soil physico — chemical properties as influenced by the
treatments

Soil pH was significantly changed by the application
of different treatment. The results showed application
of FYM along with the Nahthalien acetic acid (T)
had the highest pH 7.80 which was statistically at par
with T, T,, T, and T, (Table 6). Significantly low-
est pH of 7.10 was found in pots recieving inorgan-
ic soil applied fertilizer. This might have been due to
the fact that single super phosphate contains sulfur
which is effective in reducing the pH of the soil. Sim-
ilarly, Poultry manure may have reduced the pH by
production of organic acids. Using Farmyard manure
has maintain the pH of soil. The pH of soil treated
with manure did not show much difference from the
control, however the inorganic fertilizers were eftec-
tive in reducing the pH (Islam et al., 2011). Singh et
al. (2015) found decresed in pH by using FYM and
pressmud. The reduction in pH by the application of
pressmud might be due to the sulphitation process.

'The results regarding the bulk density of soil after the
completion of experiment showed significant differ-
ence amongst the treatments (Table 6). The highest
value for bulk density was recorded in the control,
which was at with the treatment receiving soil NP
and foliar application of NPK. Significantly lower
bulk density was observed in the treatment receiving
manure, waste water and pressmud. The decrease in
soil bulk density by the manure may be attributed to
improvement of soil aggregation and soil structure.
Poultry manure was found effective in reducing the

bulk density of soil (Ewulo et al., 2008).

'The application of different treatments have signif-
icantly increased the organic matter content of soil
(Table 6).The highest organic matter content was re-
corded in the poultry + NAA treated pots which was

0.92%, it was significantly at par with poultry + foliar
NPK and pressmud along with NAA pots over the
treatment of inorganic fertilizers which was 0.47%.
Farmyard manure significantly influence soil organic
matter content of soil as compared with the inorgan-
ic fertilizer (Khan et al., 2010). Significant increase
in soil organic matter content by the application of
poultry manure and goat manure has been reorted by
Uwah et al., 2014. Sole application of cattle manure
has been reported to influence the organic matter of
soil significantly (Subhan et al., 2017).

Soil nutrient contents as affected by the application of
treatments

Total nitrogen content of soil was significantly af-
fected by the application of treatments (P<0.05). The
results regarding total nitrogen content was found
0.042% in the treatments receiving poultry manure
with NAA (Table 7). The least value for the total ni-
trogen content was recorded in the sole foliar NPK.
In a study different rate of chicken manure, inorganic
nitrogen fertilizer alone and along with poultry ma-
nure were applied, they were found to have greater
effect on soil N content over control (Adekiya and
Agbede, 2009). In another study the different organ-
ic manures were used and total soil nitrogen at the
end of the experiment was 0.02%, 0.02 and 0.01%
for compost, chicken manure and control respectively

(Ibrahim and Fadini, 2013).

Phosphorus content of soil was also significant-
ly (P<0.05) influenced by the application of various
treatments. The results showed highest soil extract-
able P in the poultry and farm yard manures treat-
ed pots over sole foliar NPK. The greater amount of
extractable P in the manure may be due to decom-
position of organic matter which contains enormous
amount of phosphorus. Higher concentration of ex-
tractable P has been found by the application farm-
yard manure and pressmud in saline sodic soils (Khan
et al., 2010). Also poultry manure was found effective
in enhancing the P concentration of soil (Dikinya and
Mufwanzala, 2010), because the rate of decomposi-
tion of poultry manure is more rapid than the FYM
(Ghoshal and Singh, 1995).

Conclusions
It may be concluded from the current study that in-

tegrated use of manures, pressmud with foliar NAA
and NPK have been tested and found as a better nu-
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trient management practice. The results showed that
use of inorganic fertilizers applied to the soil gave
higher growth and yield of tomato, however the re-
sults obtained from the pots recieving poultry manure
along with NAA was analogous. The organic manures
have superiority over the inorganic for improving the
soil physico chemical characteristics.

Author’s Contribution

Madiha Naz and Qudrat Ullah Khan: conceived the
idea of the study, wrote the manuscript.

M. Jamil Khan and Aziz Ullah Sayal: Provided tech-
nical input.

Obaid Ullah Sayal: Statistical analysis.

Asim Afridi: Overall management of the article.

References

Adekiya, A.O.and T.M. Agbede. 2009. Growth and
yield of tomato (Lycopersicon esculentum Mill) as
influenced by poultry manure and NPK ferti-
lizer. Emirates J. Food Agric. 21: 10-20. https://
doi.org/10.9755/ejta.v21i1.5154

Agyeman, K., I. Osei-Bonsu, J.N. Berchie, M.K.
Osei, M.B. Mochiah, J.N. Lamptey and G.
Bolfrey-Arku. 2014. Effect of poultry manure
and different combinations of inorganic ferti-
lizers on growth and yield of four tomato varie-
ties in Ghana. Agric. Sci. 2: 27-34.

Batlang, U. 2008. Benzyladenine plus gibberellins
(GA,,,) increase fruit size and yield in green-
house-grown hot pepper (Capsicum annuum
L.).]J. Bio. Sci. 8(3): 659-662.

Blake, G.R. and K.H. Hartage. 1986. Bulk density.
In: Klute, A. (ed.). Method of soil analysis. Part
1. Physical and mineralogical methods. 2™ ed.
Am. Soc. Agron. Inc. Madison, WI, USA. pp.
363-376.

Bremner, J.M. 1996. Nitrogen total. In: Sparks, D.
L., (Ed). Methods of Soil Analysis Part 3. Am.
Soc. Agron. 37. pp. 1085-1022.

Dikinya, O. and N. Mufwanzala. 2010. Chicken
manure-enhanced soil fertility and productivi-
ty: Effects of application rates. J. Soil Sci. Envi-
ron. Manage. 1: 46-54.

Ewulo, B.S., 5.0. Ojeniyi and D.A. Akanni. 2008.
Effect of poultry manure on selected soil phys-
ical and chemical properties, growth, yield and
nutrient status of tomato. Afr. J. Agric. Res. 3:
612-616.

Gee, G.W. and ]J.W. Bauder. 1982. Hydrometer
method. In: Methods of Soil Analysis. Part 1.
A. Klute (ed.). Am. Soc. Agron. Madison WI,
USA. pp. 383-411.

Gelmesa, D., B. Abebie and L. Desalegn. 2010. Ef-
fects of Gibberellic acid and 2,4~ dichlorophe-
noxyacetic acid spray on fruit yield and quali-
ty of tomato (Lycopersicon esculentum Mill.). ].
Plant Breed. Crop Sci. 2: 316-324.

Ghoshal, N. and K.P. Singh. 1995. Effect of farm-
yard manure and inorganic fertilizer on the
dynamics of soil microbial biomass in tropical
dryland agroecosystem. Biol. Fertil. Soils. 19:
231-238. https://doi.org/10.1007/BF00336165

Golzade, H., A. Mehrafarin, H. Naghdibadi, F. Fa-
zeli, A. Ghaderi and and N. Zarinpanje 2011.
Effect of bio-stimulators compounds on quan-
titative and qualitative yield of german chamo-
mile (Matricaria recutita L..).]. Med. Plants. 11:
195-207.

GOP. 2014 - 15. Fruit, vegetables and condiments
statistics of Pakistan. Ministry of national food
security and research, economic wing, Islama-
bad.

Guichard, S., C. Gary, C. Leonardi and N. Bertin.
2005. Analysis of growth and water relations of
tomato fruits in relation to air vapor pressure
deficit and plant fruit load. J. Plant Growth
Reg. 24: 201-213. https://doi.org/10.1007/
s00344-005-0040-z

Havlin, J.L., S.L. Tisdale, W.L. Nelson and ].D.
Beaton. 2013. Soil Fertility and Fertilizers: An
introduction to nutrient management (8th Edi-
tion). Prentice Hall, 528 pp.

Ibrahim, K.H.M. and O.A.S. Fadni. 2013. Effect
of organic fertilizers application on growth,
yield and quality of tomato in North Kordofan
(sandy soil) western Sudan. Agric. Sci.J. 3: 299-
304.

Tlupeju, E.A.O., W.B. Akanbi, J.O. Olaniyi, B.A.
Lawal, M.A. Ojo and P.O. Akintokun. 2015.
Impact of organic and inorganic fertilizers on
growth, fruit yield, nutritional and lycopene
contents of three varieties of tomato (Lycoper-
sicon esculentum (L.) Mill) in Ogbomoso, Nige-
ria. Afr. J. Biotech. 14(31): 2424-2433. https://
doi.org/10.5897/AJB10.1902

Islam, M.M., A.]J.S. Karim, M. Jahiruddin, N.M.
Majid, M.G. Miah, M.M. Ahmed and M.A.
Hakim. 2011. Effects of organic manure and
chemical fertilizers on crops in the radish-stem

December 2018 | Volume 31 | Issue 4 | Page 329

0.9 .
Qols Links
GResearchers


https://doi.org/10.9755/ejfa.v21i1.5154
https://doi.org/10.9755/ejfa.v21i1.5154
https://doi.org/10.1007/BF00336165
https://doi.org/10.1007/s00344-005-0040-z
https://doi.org/10.1007/s00344-005-0040-z
https://doi.org/10.5897/AJB10.1902
https://doi.org/10.5897/AJB10.1902

OPEN 8ACCESS

Response of tomatoes to foliar fertilizers and naphthalien acetic acid

amaranth-Indian spinach cropping pattern in
homestead area. Aust. J. Crop Sci.5: 1370-1378.

Jackson, ML.L. 1960. Soil Analysis. Constable and
Co. Ltd., London.

Jagadeesha, V. 2008. Effect of organic manures and
biofertilizers on growth, seed yield and quali-
ty in tomato (Lycopersicum esculentum Mill.)
cv. Megha. M.Sc. Thesis. Department of seed
science and technology college of agriculture,
Dharwad Univ. Agric. Sci. Dharwad, India.

Kandil, H. and N. Gad. 2010. Response of tomato
plants to sulphur and organic fertilizer. Int. J.
Acad. Res. 2: 204-210.

Khan, Q.U., M. Jamil Khan, S. Rehman and San-
aullah. 2010. Dhaincha, an effective amendment
in improving salt affected soils and enhancing P
efficiency in rice — wheat cropping system. Sar-
had J. Agric. 26: 37-42.

Kotota, E. and M. Osinska. 2000. The effect of fo-
liar nutrition on yield of greenhouse tomatoes
and quality of the crop. Acta Physiol. Plant.
22(3):  373-376.  https://doi.org/10.1007/
s11738-000-0059-5

Krishnan, A.K., M. Indiresh and M. Anjanap-
pa. 2014. Eftect of water soluble fertilizers on
growth and yield of tomato (Solanum lycopersi-
cum L.). ]. Trop. Agric. 52: 154-157.

Lester, G.E., J.L. Jifon, W.M. Stewart. 2007. Foliar
potassium improves cantaloupe marketable and
nutritional quality. Better Crops. 91(1): 24-25.

Mehdizadeh, ML.E., 1. Darbandi, H. Naseri-Rad
and A.Tobeh. 2013. Growth and yield of toma-
to (Lycopersicon esculentum Mill.) as influenced
by different organic fertilizers. Int. J. Agron.
Plant Prod. 4: 734-738.

Nelson, D.W. and L.E. Sommer. 1982. Total Car-
bon, organic carbon and organic matter, In:
Pager, A.L, R. H. Hiller and D.R.Keenay (ed.)
Method of Soil analysis, Part 11.2 ed. Am.
Soc. Agron. 9: 477-539.

Olsen, S.R., C.V. Cole, F.S. Watanabe and L.A.
Dean. 1954. Estimation of available phospho-
rus in soil by extraction with sodium bicarbo-
nate, USDA Circular. 939.

Pieper, J.R. and D.M. Barrett. 2008. Effects of or-
ganic and conventional production systems on
quality and nutritional parameters of processing
tomato. J. Sci. Food Agric. 89: 177-194. https://
doi.org/10.1002/jsta.3437

Ramyabharathi, S.A., V. Shanthiyaa, K. Sankari
Meena and T. Raguchander. 2014. Nutrient de-

ficiencies management for tomato and potato.
An ebook on nutrient disorder. Smashwords,
Inc. USA.

Ryan, J., G. Estefan and A. Rashid. 2001. Soil and
Plant Analysis. Lab. Manual. ICARDA., Alep-
po, Syria.

Serrani, J.C., M. Fos, A. Atare’s and ].L.
Garci’aMartinez. 2007. Effect of gibberellin and
auxin on parthenocarpic fruit growth induction
in the cv MicroTom of tomato. J. Plant Growth
Regul. 26: 211-221. https://doi.org/10.1007/
s00344-007-9014-7

Singh, N.J., H.S. Athokpam, K.N. Devi, N.
Chongtham, N.B. Singh, P.T. Sharma and S.
Dayananda. 2015. Effect of farm yard manure
and pressmud on fertility status of alkaline soil
under maize-wheat cropping sequence. Afr.
J. Agric. Res. 10(24): 2421-2431. https://doi.
org/10.5897/AJAR2013.8233

Song, K., Y. Xue, X. Zheng, W. Lv, H. Qiao, Q.
Qin and J. Yang. 2017. Effects of the contin-
uous use of organic manure and chemical fer-
tilizer on soil inorganic phosphorus fractions
in calcareous soil. Sci. Rep. 7: 1164. https://doi.
org/10.1038/s41598-017-01232-2

Souri, M.K. and S. Dehnavard. 2017. Characteriza-
tion of tomato growth and fruit quality under
foliar ammonium sprays. De Gruyter Open. 2:
531-536.

Steel, R.G.D, J.H. Torrie and D. Dickey. 1997.
Principles and Procedure of Statistics: A Bio-
metrical Approach, 3rd Ed. McGraw Hill Book
Co. Inc., New York, pp. 352-358.

Subhan, A., Q. U. Khan, M. Mansoor and M. Ja-
mil Khan.2017. Effect of Organic and Inorgan-
ic Fertilizer on the Water Use Efficiency and
Yield Attributes of Wheat Under Heavy Tex-
tured. Sarhad J. Agric. 33(4): 582- 590.

Subhash, C.P, E. P. Lal, N. Singh and T.K. Biswas.
2014. Eftect of Naphthalene acetic acid on bo-
chemical parameters, growth and yield of toma-
to (Lycopersicon esculentum Mill.). J. Agric. Vet.
Sci. 7: 16-18.

Tandon H. L. S.,D. W. Nelson and L. E. Sommers.
2005. Total carbon, organic carbon and organic
matter. FDCO. New Delhi, India, In: Methods
of soil analysis: Part 3- Chemical methods. J.M.
Bigham (ed.). American Society of Agronomy.
Inc. Medison, Wisconson, pp. 961-1010

Uwah, D.F,, UL. Undie and N. M. John. 2014.

Comparative evaluation of animal manures on

December 2018 | Volume 31 | Issue 4 | Page 330

0.9 .
Qols Links
GResearchers


https://doi.org/10.1007/s11738-000-0059-5
https://doi.org/10.1007/s11738-000-0059-5
https://doi.org/10.1002/jsfa.3437
https://doi.org/10.1002/jsfa.3437
https://doi.org/10.1007/s00344-007-9014-7
https://doi.org/10.1007/s00344-007-9014-7
https://doi.org/10.5897/AJAR2013.8233
https://doi.org/10.5897/AJAR2013.8233
https://doi.org/10.1038/s41598-017-01232-2
https://doi.org/10.1038/s41598-017-01232-2

0"”8““55 Response of tomatoes to foliar fertilizers and naphthalien acetic acid

soil properties, growth and yield of sweet maize ron. Sci. 3: 315-331.
(Zea mays L. Saccharata Strut.). J.Agric. Envi-

December 2018 | Volume 31 | Issue 4 | Page 331 09 Links
**@Researchers



