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Abstract

To overcome from this problem and production of quality fruits, this study
Volume 6, Issue 16, Dec 2024 was conducted to optimize organic manure and inorganic fertilizers with the

aid of bio-fertilizers on growth, yield characters and flowering performance
Received: 15 Oct 2024 characteristics of fruits. The experiment was conducted in a Randomized

Block Design (RBD) with three replications having ten treatments with
Accepted: 25 Nov 2024 different doses of NPK, FYM, Vermicompost, Azotobactor and PSB either

single or in combination during two (2022-23 & 2023-24) consecutive in
Published: 09 Dec 2024 Rabi seasons. The results showed that application of Ts —( PSB + 75% P +

100% N&K) significantly improved the growth, yield characters and
d0i*10.48047/AFJBS.6.16.2024.2479-2496 flowering performance of fruits (plant height, number of branches, days to

first flowering, days to 50% flowering, days to 1% fruiting number of
flowers clusture per plant, number of flowers per clusture, number of fruits
per plant, days to harvesting, fruit length, fruit diameter, fruit yield kg/plant,
fruit yield kg/plot and fruits yield g/ha. ) with soil application during both
the years (2022-23 & 2023-24). The findings from our two-year study on
tomatoes cultivated in sandy loam soils provide a solid scientific foundation
for the use of bio-fertilizers and organic materials, promoting cleaner food
production and improved environmental conditions and also helps farmers
for more fruit production per ha yield for higher profitability.
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Introduction

Tomato (Solanum lycopersicum L.) comes under the family Solanaceae having
chromosome number 2n=24. Tomato is an annual vegetable crop grown throughout the world
and ranks second in importance after potato. Tomato has its origin in Peru, Ecuador and Bolivia
based on the availability of numerous wild and cultivated relatives of the tomato in this area,
tomato originated from Central Africa and South America (Vavilov, 1951). The most likely
ancestor of tomato is the wild cherry tomato formerly Lycopersicum esculentum var. cerasiforme
(Dun), Gray. After China, India is the second leading country in the area and production of
tomato worldwide. In India leading tomato-producing states are Madhya Pradesh Andhra
Pradesh, Karnataka, Gujarat, Odisha, Chhattisgarh, West Bengal, Tamil Nadu, Bihar and Uttar
Pradesh. It is grown in small home gardens and market gardens for fresh consumption as well as
processing purposes. In India it was introduced by the Portuguese in the 16" century. Tomato is
also known as an industrial crop because of its outstanding processing qualities. Tomato has
worldwide importance in both fresh as well as in processed forms like juice, ketchup, sauce,
puree, paste and cocktail. Tomato is a very good source of income for small and marginal
farmers. It is also treated as “Protective food’’ and a good source of minerals, vitamins, and
organic acids (Parmar et al., 2019). Even though, a ripe tomato has 94 percent water, is a great

source of vitamins A and B and a fabulous source of vitamin C and has great nutritive esteem.

Because of its quicker and more unpredictable growth, continuous fruiting habit, and high yield,
tomatoes have a different nutritional profile from other vegetable crops. Due to its shallow roots,
it is typically unable to draw nutrients from deeper soil layers to sustain itself. Due to its constant
and simultaneous growth of vegetative and reproductive structures as well as its substantial fruit
yield in determinate, on the other hand, it is a heavy feeder of nutrients. The nutrition of the
plants is greatly influenced by nitrogen (N). As a matter of fact, the plant life would not be
possible without this element. Adequate amounts of nitrogen are also required to obtain good
yield in vegetable crops. In tomato production, phosphorus and potassium are significant
nutrients that are essential to all of the plant's metabolic processes. Additionally, there is strong

evidence that these nutrients are crucial to photosynthesis and the development of carbohydrates



Rizwan Ali/Afr.J.Bio.Sc. 6(16) (2024) Page 2481

in plants. The impact of potassium on respiration rate also has an impact on the formation of dry

matter.

Generally, solanaceous vegetables need substantial amounts of secondary nutrients like
calcium and sulphur in addition to primary nutrients like nitrogen, phosphorus, and potassium for
improved growth, fruit, and seed yield. Inorganic fertilizers have skyrocketed in price to the
point where small and marginal farmers are no longer able to afford them. In numerous crops,
the significance of bio-fertilizers in enhancing soil fertility has long been explored. By altering
soil texture, maintaining the integrity of the soil structure, increasing nutrient availability, and
increasing aeration, bio-fertilizers like Azotobacter and phosphorus-solubilizing bacteria help to
improve overall soil fertility. This has a significant impact on plant development and yield. With
higher plants, bio-fertilizers participate in symbiotic and associative microbial activities. These
are organic mini-fertilizer factories that increase agricultural production and enhance soil fertility

while being more affordable and safe sources of plant nutrition.
Materials and methods

The current study was carried out at the Integral Institute of Agricultural Science and
Technology (I1AST) Farm, Department of Agriculture, Integral University, Lucknow, during the
Rabi season of 20222023 and 2023-2024 Lucknow has a subtropical climate with three distinct
seasons: winter, summer, and rainy. Using Randomized Block Design, three replications of the
experiment were constructed (RBD). There are ten distinct treatments for each replication. Each
treatment was randomized separately in each replication with spacing 60cm x 45cm. Details of
treatments used in the study. TO; Control, T1;, Azotobacter (2.5kg/h) +100%RDF, T2;
Azotobacter (2.5kg/h) +75% N +100% P and K, T3; PSB (2.5kg/h) +100% RDF, T4; PSB
(2.5kg/h) + 75% P + 100% N&K, T5; Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF, T6;
Azotobacter (2.5kg/h) + PSB (2.5kg/h) +75% N +75 % P +100% K, T7; FYM @ 20t/ha +
Azotobacter (2.5kg/h) + PSB (2.5kg/h), T8; Vermicompost 10t/ha + Azotobacter (2.5kg/h) +
PSB (2.5kg/h), T9;100% RDF(120-80-60kg/h).

Growth parameters
Plant height (cm), number of leaves per plant, number of branches per plant, and length of
internodes (Distance between two nodes), were measured at 30, 60, and 90 days after

transplantation.
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Physiological Characters are days to first flowering, days to 50% flowering, days to 1% fruit set
and days to fruit set harvest maturity (days).

Yield and Yield parameters

Fruit length, fruit diameter pericarp thickness (mm), number of fruits per plant, Fruit yield per
plot (kg), Fruit weights and Fruit yield (g/ha).

Results and discussion

Growth parameters

The observations regarding the growth parameters i.e., plant height, number of branches per
plant; number of leaves per plant, and length of internodes of tomato are given in tables 3 to 4.
The effect of various treatments on plant height of tomato was shown to be consistently
beneficial in both the years. The data observed at 30, 60 and 90 days after transplanting were
subjected to statistical analysis. The height of plants recorded at 30, 60 and 90 DAT was noted
higher by application of Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF (Ts) i.e., 25.89 cm,
39.43 cm and 59.81 cm respectively. During Rabi season, after 30 days of transplanting (DAT),
plant height attained with application of Azotobacter along with VAM and recommended dose of
fertilizers (To) was significantly higher from the treatments where 75% dose of fertilizers was
applied (Table 1). Plant height with recommended dose of fertilizers (T13) was statistically at par
with all the recommended dose of fertilizers treatments along with biofertilizers and significantly
higher with 75% dose of fertilizer treatments. Similar results were notified by Beerendrapal
singh et al., (2018) and Yeptho et al., (2010)

Number of branches significantly higher in treatment Ts at 30, 60 and 90 DAT (6.07, 11.47 and
14.27 in first year and 6.33, 11.24 and 13.80 in second year) respectively followed by T6 (5.07,
10.93 and 13.20 in first year and 5.40,10.40 and 12.80 in second year) respectively. Whereas the
lowest number of branches was recorded in control at all the stages of observation (3.53, 7.37
and 8.80 in 1% year and 3.67, 7.53 and 8.00 in 2" year) at 30, 60 and 90 DAT respectively ( table
3). Similar result was found by (Siddaling P. Nagoni and R. Krishna Manohar, 2014),
Ranuka and Ravishankar (2001) and Yeptho et al., (2010) in tomato.

Physiological Characters

Days to 1% flowering, showed (table 5) significant variation among different treatments over To
(control). The minimum days to appearance of 1% flower was observed in Ts [Azotobacter
(2.5kg/h) + PSB (2.5kg/h) + 100% RDF] i.e., 22.53 days in 2022-23 and 21.73 days in 2023-24.
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While the maximum days to 1% flowering was recorded from control To (37.47 days in first year
38.4 days in second year). Similar results were reported by application of Azotobacter + PSB +
VAM + 75% RDF (Siddaling P. Nagoni and R. Krishna Manohar, 2014), Azin et al., (2012)
and Chumyani et al., (2010).

Significantly influenced on days to 50% flowering (table 5). The minimum days were taken to
50% flowering was observed in the treatment Ts [Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100%
RDF] i.e., 2.93 days in year 2022-23 and 3 days in year 2023-24 followed by Ts [Azotobacter
(2.5kg/h) + PSB (2.5kg/h) +75% N +75 % P +100% K] i.e., 3.8 days in 1% year and 4 days in
second year over the control To (6.2 days in first year 6.8 days in second year). The data showed
that the maximum number of flower clusture per plant (14.73 in 2022-23 and 10.07 in 2023-24)
was observed significantly the superior to all others (table 5). These findings align with studies
highlighting the benefits of integrated nutrient management. For instance, research by Patel et
al., (2017) demonstrated that combined biofertilizer applications, such as Azotobacter and PSB,
significantly enhance flower and fruit production in tomato by improving nutrient availability
and plant growth. Similarly, Singh et al., (2019) found that the integration of organic and
inorganic fertilizers leads to improved plant health and higher yields compared to conventional
fertilizer use alone. Number of flower per clusture (6.93 in 2022-23 and ) and maximum number
of fruits per clusture(6.46) were observed in Ts [Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100%
RDF] while minimum number of fruits per clusture (4.06), number of flowers per clusture (4.67)
and number of fruits per clusture (3.13) (table 5).

Yield Parameters

Fruit length, fruit diameter, fruit weight, Number of fruits/plants, fruit yield/plant, fruit yield/plot
and fruit yield/ha. Significantly higher length of fruits (table 6) at harvest 6.18 cm in 1% year
(2022-23) and 6.147cm in 2" year (2023-24) was observed under Ts [Azotobacter (2.5kg/h) +
PSB (2.5kg/h) + 100% RDF] followed by Te [Azotobacter (2.5kg/h) + PSB (2.5kg/h) +75% N
+75 % P +100% K]. Whereas significantly the lowest fruit length of fruits (4.01 cm in 2022-23
and 3.96 cm in 2023-24) was observed under To (control). The higher fruit diameter (table 6)
was found with Ts [Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF] in year 2022-23 (5.81
cm) and in 2023-24 (5.79 cm) followed by Te [Azotobacter (2.5kg/h) + PSB (2.5kg/h) +75% N
+75 % P +100% K] while significantly lowest fruit diameter (3.60 cm in 2022-23 and 3.68 cm in

2023-24) was observed under To control. The results on fruit weight shown significant
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differences due to application of organic and inorganic fertilizers (table 6). The treatment
comprising Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF (T5) recorded the maximum
fruit weight (50g in 2022-23 and 52g in 2023-24) followed by Azotobacter (2.5kg/h) + PSB
(2.5kg/h) +75% N +75 % P +100% K (Ts), (499 in 1% year and 50g in 2" year). The lowest fruit
weight (34g and 35g in both years) was registered in control (To). The result align with the
findings of Parmar et al., (2018), Selvakumar (2012) and Meena et al., (2014), who reported a
significant increase in tomato fruit diameter, fruit weight, number of fruits per plant and length
with the application of biofertilizers. The maximum number of fruits was produced by Ts
[Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF] (67.70 in first year and 95.16 in second
year)

The results indicate an overall improvement in the performance of all treatments from the year
2022-23 to 2023-24. Treatment Ts [Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF]
exhibited the highest mean values in both years, with 6.467 in 2022-23 and 6.733 in 2023-24,
indicating its superior performance relative to other treatments.

Statistical analysis revealed that the Critical Difference (C.D.) was 0.371 for the year 2022-23
and 0.395 for the year 2023-24. The Standard Error of Mean (SEmz) was calculated as 0.124 for
2022-23 and 0.132 for 2023-24. The Coefficient of Variation (C.V.) was slightly lower in 2023-
24 (4.271) compared to 2022-23 (4.516), indicating a marginally higher precision in the 2023-24
data.

The highest yield per plant was observed in treatment T5, with yields of 2.12 kg and 2.58 kg in
year 1%t and 2" respectively. Treatment T5 also showed a high yield with 1.80 kg in year 1% and
2.24 kg in year 2", The control exhibited the lowest yield which was 0.56 kg in year 1%t and 0.67
in year 2.

The data shown in table evident that the maximum fruit yield per hectare was produced by Ts
[Azotobacter (2.5kg/h) + PSB (2.5kg/h) + 100% RDF] (559.9 Qu. In first year and 683.4 Qu. In
second year) over control (To) which produced 148.44 Qu. and 177.10 Qu. In both years
respectively. The possible reason for increase in yield is might be due to better inorganic
nitrogen utilization in the presence of organic and biofertilizers, enhanced biological nitrogen
fixation, better development of root system and possible synthesis of plant growth hormones.
Madalageri and Dharmatti (2006) @4 and Mallika et al., (2022) (16) also agree with the present
findings.
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Conclusion

Based on the results of the current study, it was concluded that integrated nutrient management
significantly improved most of the growth, flowering behavior and yield characteristics of the
tomato variety Pusa Gaurav (IARI-ICAR). Specifically, treatment T5 (Azotobacter at 2.5 kg/ha,
PSB at 2.5 kg/ha, and 100% RDF) showed the best performance in terms of plant height, number
of branches, number of leaves per plant, number of fruit clusters per plant, number of fruits per

clusters, days to first flowering, days to 50% flowering and fruit yield g/ha.
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Table 01: Effect of Integrated Nutrient Management on Plant Height and No of Primary

Branches of Tomato

T. Symbols Plant Height at 30,60 and 90 DAT No of Primary Branches at 30,60 and 90 DAT
2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 2022-23 | 2023-24
T 14.75 14.65 | 25713 | 26.853 | 41.267 | 41.200 3,53 3.67 7.73 7.53 8.80 8.00
T: 20.54 20.58 | 32.340 | 34.373 | 51.167 | 54.893 4.67 4.93 9.47 9.73 10.73 11.00
T2 20.07 17.26 | 31.453 | 32.547 | 49.747 | 52.333 4.27 4.47 9.00 9.33 10.60 10.67
Ts 17.26 20.26 | 29.500 | 30.607 | 45.860 | 48.500 4.20 4.07 8.33 8.53 9.80 9.73
Ts 15.93 16.36 | 28.740 | 29.200 | 44.860 | 46.760 4.00 3.80 8.07 8.13 953 9.27
Ts 25.89 2557 | 39.433 | 39.507 | 59.813 | 60.407 6.07 6.33 11.47 11.24 14.27 13.80
Te 23.97 2411 | 35080 | 36.063 | 57.100 | 57.637 5.07 5.40 10.93 10.40 13.20 12.80
T7 19.47 19.66 | 30.653 | 31.873 | 48.733 | 51.407 4.40 4.33 8.87 9.07 10.20 10.47
Ts 19.01 19.02 | 30.320 | 31533 | 47.893 | 50.467 4.33 4.33 8.60 8.87 10.07 10.33
To 18.71 18.80 | 29.780 | 30.807 | 46.967 | 49.113 4.33 413 8.53 8.80 10.07 9.93
SE(m) 0.497 0618 | 0525 | 0293 | 0487 | 0914 | 0115 0.117 0.17 0.207 0.168 0171
C.D. at 5%
level 1.488 1852 | 1571 | 0876 | 1459 | 2736 | 0344 0.35 0.51 0.618 0.503 0.512
CV. 4.4 5457 | 2902 | 1.568 171 | 3087 | 4.433 4.455 3.241 3.903 271 2.792
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Table 02: Effect of Integrated Nutrient Management on No of leaves and Length of Internodes

of Tomato
T. No of leaves at 30,60 and 90 DAT Length of Internodes at 30,60 and 90 DAT
Symbols 2022-23 | 2023-24 2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 2022-23 2023-24 2022-23 2023-24
T, 26.20 26.20 | 10447 | 112.00| 118.47 | 123.33 291 2.73 433 5.00 5.60 5.73
T 35.40 36.73 142.27 180.00| 222.13 243.47 3.71 3.91 7.07 7.53 7.87 8.13
T2 34.67 33.73 136.67 165.67| 206.13 224.33 3.36 3.43 6.80 7.33 7.47 7.93
T3 32.20 31.60 125.93 138.00| 169.67 188.33 3.12 3.15 6.07 6.67 6.67 7.33
Ta 30.73 30.73 113.80 129.67| 154.87 162.67 2.98 3.01 5.67 6.33 6.40 7.00
Ts 48.20 48.07 | 207.27 | 207.00| 290.93 | 290.33 4.78 475 8.20 8.60 9.00 9.13
To 44.33 4467 | 17127 | 19500 278.33 | 270.33 4.38 4.36 753 8.07 8.47 8.73
T 33.20 3320 | 129.87 | 158.33| 193.27 | 211.00 3.34 3.39 6.60 7.20 7.27 7.87
Ts 32.87 3273 | 12793 | 150.00| 183.13 | 204.67 327 325 6.33 7.00 7.07 7.73
To 32.40 32.00 123.67 142.67| 178.67 194.00 3.15 3.19 6.33 6.87 6.87 7.47
SE(m) 0.882 0923 | 4929 | 3676 | 8255 | 7.088 | 0.084 0.084 0.19 0.108 0.108 0.092
C.D. at5%
level 2.641 2764 | 14757 | 11.006 | 24.716 | 5811 0.25 0.25 0.568 0.324 0.324 0277
C.V. 4.363 4573 6.172 4.034 7.165 5.811 4.133 4.133 5.061 2.655 2.578 2.078




Rizwan Ali/Afr.J.Bio.Sc. 6(16) (2024)

Page 2491

Table 03: Effect of Integrated Nutrient Management on D to harvest, D to 1% flowering, D to
50% flowering D to 1st Fruiting from flowering, and No of Flowers/cluster of Tomato

T. Days to Harvest| D to 1% D to 50% D to 1% Fruiting Flowers N of

Symbols Flowering Flowering Cluster/Plant Flowers/cluster

2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 2022-23 | 2023-24

T 55.87 82.87 | 37.47 | 38.40 6.20 6.80 | 10.33 11.27 5.07 5.07 4.67 5.07
T: 50.15 7480 | 2993 | 2887 4.27 453 7.87 7.53 7.73 8.87 6.20 8.15
T2 52.00 7547 | 30.80 | 30.67 4.60 4.87 8.13 8.07 7.13 8.73 5.87 7.40
Ts 53.35 7860 | 3307 | 3313 5.40 5.60 9.27 9.00 6.13 7.60 5.13 6.13
Ta 52.98 79.20 | 34.40 | 35.40 5,53 5.93 9.73 10.00 5.67 7.27 5.20 5.93
Ts 47.35 6847 | 2253 | 2173 2.93 3.00 6.13 5.80 14.73 10.07 6.93 10.50
Te 50.20 7313 | 2447 | 2407 3.80 4.00 7.20 7.07 13.47 9.73 6.47 8.83
Tz 52.15 76.93 | 30.87 | 3113 4.93 5.07 8.33 8.40 6.53 8.07 6.93 7.07
Ts 52.66 7760 | 3220 | 3173 5.07 5.27 8.80 8.73 6.13 8.00 6.80 6.80
To 76.27 7827 | 3247 | 3287 5.07 5.33 9.00 8.87 6.27 7.87 6.53 6.33

SE(m) N/A 0.893 | 2113 | 1395 | 0697 | 0501 | 0543 0.668 0.793 0.269 1.558 0.786

C.D. at5%

level 7.449 0.298 | 0706 | 0.466 | 0233 | 0.167 | 0.181 0.223 0.265 0.09 0.52 0.262
CV. 23.76 0.675 | 3.966 262 | 8438 | 5751 | 3706 4.559 5.814 1.912 14.837 6.295
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Table 04: Effect of Integrated Nutrient Management on D to harvest, D to 1% flowering, D to
50% flowering D to 1st Fruiting from flowering, and No of Flowers/cluster of Tomato

T No of fruits/cluster Fruits length(cm) Fruits Fruit weight (g) Fruits yield/plant
Symbols diameter(cm) (kg)
2022-23 2023-24 2022-23 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24 2022-23 | 2023-24
T 3.13 3.60 3.61 3.68 10.33 11.27 35.67 35.67 0.56 0.67
T1 4.93 5.93 5.05 5.39 7.87 753 45.67 46.00 1.48 1.93
T2 4.80 5.73 4.96 5.09 8.13 8.07 4433 45.33 1.45 1.87
Ts 4.33 4.73 4.35 4.54 9.27 9.00 38.00 39.67 0.91 1.14
Ta 413 4.47 4,07 4.33 9.73 10.00 37.33 39.67 0.74 1.16
Ts 6.47 6.73 6.05 5.79 6.13 5.80 51.33 50.00 2.12 2.58
Ts 5.60 6.20 5.81 5.59 7.20 7.07 49.67 48.67 1.80 2.24
T7 4.80 5.67 4.79 5.04 8.33 8.40 42.00 45.00 1.39 1.68
Ts 4.80 5.47 4.59 4.89 8.80 8.73 38.67 43.67 1.19 155
To 4.53 4.93 4.48 4.71 9.00 8.87 40.33 43.00 1.22 1.34
SE(m) 0.371 0.395 0.431 0.399 0.543 0.668 0.922 0.601 0.104 0.111
C.D.at5%

level 0.124 0.132 0.144 0.133 0.181 0.223 2.761 1.801 0.035 0.037
C.V. 4516 4271 5.216 4.707 3.706 4559 3.776 2.386 4.67 3.969
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Table 05: Effect of Integrated Nutrient Management on fruit yield /plot and yield g/ha. of tomato

T Fruits yield/plot (kg) Fruits Yield (g/ha)
Symbols 2022-23 2023-24 2022-23 2023-24
T, 16.83 20.08 148.44 177.10
T, 44,50 57.83 392.41 510.02
T, 43.42 56.17 382.86 495.30
T3 27.40 34.32 241.62 335.21
Ts 22.08 34.84 194.74 307.17
Ts 63.50 77.50 559.96 683.42
Te 52.82 68.23 476.91 601.70
T, 41.72 50.47 367.87 445,03
Ts 35.67 46.10 314.52

To 36.55 40.17 322.31 354.20
SE(m) 2.97 3.529 27.343 46.031
C.D. at 5% level 0.992 1.179 9132 15.374

C.V. 4.469 4.203 4.65 6.17
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Fig.1. Effect of Integrated Nutrient Management on Plant Height and No of Primary Branches of Tomato
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Fig.2. Effect of Integrated Nutrient Management on No of leaves and Length of Internodes of Tomato
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Fig.3. Effect of Integrated Nutrient Management on D to harvest, D to 1% flowering, D to 50% flowering D to 1st  Fruiting
from flowering, and No of Flowers/cluster of Tomato
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Fig.4. Effect of INM on D to harvest, D to 1% flowering, D to 50% flowering D to 1st Fruiting from flowering, and

No of Flowers/cluster of Tomato
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Fig.5. Effect of Integrated Nutrient Management on fruit yield (kg/plot) and yield (g/ha). of tomato




