Effect of Different Levels of Nitrogen and Phosphorus on Growth and Yield of Tomato (Solanum lycopersicum L.)
ABSTRACT
[bookmark: _GoBack]The present investigation entitled “Effect of different levels of nitrogen and phosphorus on growth and yield of Tomato (Solanum lycopersicum L.)” VarietyPusa ruby was carried out. The experimental material consisted 12 treatments replication thrice. The experiment was conducted at the Research farm of the School of Agriculture Science, Technology Research, Sardar Patel University, Balaghat (M.P.). The sowing of experimental material was shown transplanted in the main field on 05 December 2023 with Randomized Block Design (RBD) and was statistically analyzed. The data were recorded on five randomly selected plants. The overall results obtained from this present investigation revealed that the application of T11 (Nitrogen @120kg/ha+ Phosphorus @80 kg/ha) showed the better performance for vegetative growth (plant height, flowering of plant, number of fruits per plant), yield attributes [number of fruit per plant, fruit yield per plant (kg), fruit yield per plot (kg), fruit yield per hectare (g), of tomatoexcept  be useful to enhance the productivity .
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INTRODUCTION
Tomato(SolanumlycopersicumL.)isamemberoftheSolanaceaefamilyandstandsoutasone of the mostimportantandwidely cultivated vegetables in India. Itsoriginstrace back totropical America, with historical evidence suggesting that it was first domesticated by indigenous peopleintheAndeanregionsofmodern-dayPeruandEcuador(shalunke1987).Over time,thetomatospreadacrosstheglobe,becominganessentialcropinvariouscuisinesand agricultural systems.
With its diverse agro-climatic zones, India iswell-suitedfortomatocultivation,makingita key player in the global vegetable market. As the second-largest producer of vegetables worldwide,Indiadedicatesasignificantportionofitsagriculturallandtotomatocultivation. The crop is grown on 8.45 lakh ha , producing a substantial 213.20 lakh tonnes, with an average productivity of 25.23 MT/ ha(PIB,2023).This productivity is a testamentto the advancements in agricultural practices, including the use ofimprovedvarieties, betternutrientmanagement,andeffectivepestanddiseasecontrolstrategies.
Tomatoes are not only a staple in Indian diets but also a valuable cash crop for farmers, providing significant income through both fresh markets and processing industries. The increasingdemandfortomato-basedproducts,suchassauces,pastes,andketchup,hasfurther fueled the expansion of tomato cultivation in India. Moreover, the crop's adaptability to different climates and its relatively short growing season make it an attractive option for farmerslookingtomaximisetheirreturns.
  Inrecentyears,thefocus onimprovingtomato yield and qualityin stateslikeMadhyaPradesh hasledtotheexploration ofbetter nutrientmanagementpractices,including the combined use of essential macronutrients like nitrogen and phosphorus. However, as mentioned earlier, specificresearchonthecombinedapplicationofthesenutrientsintheKymorePlateauandSatpuraHillzonesremainslimited.Addressingthisgapcouldfurtherenhancetheproductivity andsustainabilityoftomatocultivationintheseregions.
Nitrogen is a fundamental component of amino acids, proteins, and chlorophyll, directly influencing vegetative growth and overall plant health. Studies have shown that increasing nitrogen levels can lead to improved plant height, increased branch number, and higher fruit yield. For instance, a study in Bangladesh reported that applying 300 kg/ha of nitrogen resulted in the highest plant height and fruit yield per hectare. However, excessive nitrogen application may lead to excessive vegetative growth at the expense of fruit production.
Phosphorus is vital for energy transfer, root development, and flowering in plants. Adequate phosphorus levels are crucial during the early stages of tomato growth for establishing a strong root system and promoting early flowering. Research indicates that phosphorus application enhances chlorophyll content and improves fruit quality. A study under saline conditions found that increasing phosphorus levels up to 50 mg/kg soil improved chlorophyll content and fruit yield, particularly under chloride salinity.
The synergistic effect of nitrogen and phosphorus is well-documented. Balanced fertilization, considering both nutrients, leads to optimal growth and yield. For example, a polyhouse study observed that a combination of 100% nitrogen and 75% phosphorus resulted in the highest number of fruits per plant and fruit yield per hectare. Similarly, another study in Bangladesh found that the combination of 300 kg/ha nitrogen and 125 kg/ha phosphorus yielded the highest fruit number and weight per plant. (Peeyush., and Vijay Bahadur. 2024)
MATERIALS AND METHODS
The experiment was carried out at the Research farm of the Department of Horticulture, School of Agriculture Science, Technology & Research, Sardar Patel University, Balaghat (M.P.). The experiment was conducted in arandomized complete block design with three replications.With spacing of 50×50 cm was maintained. 12 treatments with notationsT1: Nitrogen @ 30 kg/ha, T2: Nitrogen @ 60 kg/ha, T3: Nitrogen @ 90 kg/ha,  T4: Nitrogen @120 kg/ha, T5: Phosphorus @ 20 kg/ha, T6: Phosphorus @ 40 kg/ha, T7: Phosphorus @ 60 kg/ha, T8: Phosphorus @ 80 kg/ha,T9: Nitrogen + Phosphorus @ 60+40 kg/ha,T10: Nitrogen + Phosphorus @ 90+60 kg/ha,T11: Nitrogen + Phosphorus @ 120+80 kg/ha and T12: Control (0 kg/ha Nitrogen and Phosphorus)werelaidoutinrandomizedblockdesignwith3replications.WellrottenFYM@ 200 q/ha wasapplied at the timeof fieldpreparation..Thefield was fertilized tosupply nitrogen at the rate of 30, 60 90 and 120 kg/ha, phosphorus 20, 40,60 and 80 kg/ha,combine  application of N and P 60+40,90+60,120+80kg/haandpotashwereappliedeachplotinequalamount.Theurea was applied in three equal levels.The first doseofurea was applied before transplanting in preparedbedswithfullamountofsinglesuperphosphateandmurateofpotash.Therestof doseofureawasappliedat45daysaftertransplantingandfirstfruitpicking.The seed rate used was 2 kg/ha for sowing with a row-to-row and plant-to-plant distance of 50.0 cm.The fertilizer grades were applied as per treatment. All the other agronomic practices were applied uniformly to all the treatments. The experiment will be consisting of the following factors along with their respective levels. Aftertransplanting,thefieldwasirrigatedtohelptheseedlingsestablish themselves.Regularirrigationwasmaintainedtoensureconsistentmoisturelevels. Regular monitoring wasconducted toensure theeffectivenessof the plantprotection measures andtoadjusttreatmentsasnecessarybasedonpestanddiseasepressure. Thiscomprehensivesampling techniqueensuresthoroughanalysis ofthe growth,yield,and quality characteristics of the tomato varietyPusa Ruby under varyingnitrogen andphosphorus treatments.
RESULTS AND DISCUSSION
Thebeneficialeffectsof nitrogen andphosphoruscan be attributed totheir criticalrolesinplant development. Nitrogen is vital for protein synthesis, which enhances leaf growth and photosynthesis,contributingtoincreasedcarbohydrateproduction.This,inturn,supports betterfruitdevelopmentandhigheryields.Phosphorusisessentialforrootdevelopmentand energytransferwithintheplant,whichsupportsoverallgrowthandresistancetostress.The synergisticeffectofbothnutrientspromotescellenlargementanddivision,leadingtovigorous plantgrowthandenhancedfruitsetting.
Thecombinationofnitrogenandphosphorusathigherlevels(120+80kg/ha)providedthe plants with a balanced supply of essential nutrients throughout their growth stages. This balanced nutritionmaintained optimal vegetative development andprolonged the fruit-setting period.Incontrast,controlplotswithoutfertilizationexhibitedlimitedgrowthandearlyfruit setting, with reducedfruityield in laterstagesdue to insufficient nutrient supply. Plants in the control plots showed signs of nutrient deficiency, such as early yellowing and reduced growth after initial fruit picking.Theobservedresultsalignwithfindingsfrompreviousstudies.Kauretal.(2003),Bhardwaj etal.(2004),MondalandHaque(2020),andDhimanetal.haveallreportedthatincreasing levelsofnitrogenandphosphorussignificantlyenhancefruitandseedyield.Thesestudies underscorethe importance of providing adequate nutrients to achieve optimalplant growth and productivity.Specifically,Kauretal.(2003)notedthatnitrogenandphosphorusarecrucialfor improving fruit yield and quality, while Bhardwaj et al. (2004) highlighted their role in sustainingplanthealthandproductivity.
Nitrogen (N) and phosphorus (P) are essential macronutrients that play a crucial role in the growth and yield of tomato (Solanum lycopersicum). Nitrogen is a key component of amino acids, proteins, and chlorophyll, directly influencing vegetative growth, leaf development, and overall plant vigor.
       Thecurrent investigation highlights thatcombined  levels of nitrogen i.e120kg/ha +phosphorusupto80kg/ha,significantly influenced tomato growth, yield attribues, and yield.Among the treatments, the combination of nitrogen and phosphorus at 120 + 80 kg / ha superior results, with maximum plant height(85.11cm),numberofbranches (13.64/plant),flowerclusters(14.72/plant),flowers (14.20/cluster), fruits (6.88/cluster), fruit weight (1.36 kg/plant),yield per plot ( 12.95 kg) , and yield (323.8 q/ha), Tss ( in brix) – 6.52 .On the other hand , the least value of all the observations was shown in treatment T12 control plant height (cm)- 73.49 , Branches –10.12 , flowering -34.69 ,fruit – 10.12 ,Locule per fruit -2.06 ,pericarp thickness (mm) –5.37 , fruit per cluster -1.91, fruit weight per plant -0.88 , yield per plot -5.98 , yield (q/ha) – 14.95 , Tss -149.50 .
Theapplicationofhigherlevelsofnitrogenandphosphorus,specificallyupto120kg/haof nitrogen, 80 kg/ha of phosphorus, and their combination at 120+80 kg/ha, resulted in a significant increase in Total Soluble Solids (TSS) in tomato fruits, reaching 6.52 °Brix. In contrast,theminimumTSSof3.56°Brixwasobservedincontrolplotswherenonitrogenor phosphorus was applied.
Theapplicationofhighlevelsofnitrogenandphosphorus,especiallyincombination,hasa substantialpositiveimpactonkeyqualityparametersoftomatofruits.HigherTSSindicates richerfruitflavorandsweetness,whileincreasednumberofloculesandpericarpthickness enhancefruitstructuralquality.Theseresultsalignwithpreviousstudies,suchasthoseby Kumaretal.(2013),Ittisaetal.(2013)andAlamet al. (2018), whichunderscorethe importance ofbalanced nutrientmanagement in optimizing fruit quality. 
CONCLUSION
The study highlights the critical role of optimizing nitrogen and phosphorus levels in maximizing tomato growth, yield, and quality. Specifically, applying nitrogen at 120 kg/ha and phosphorus at 80 kg/ha, either individually or in combination, significantly enhanced key growth parameters such as plant height, number of branches, flower clusters, and fruit yield. The combination of 120+80 kg/ha resulted in the highest performance, with notable improvements in plant height (85.11 cm), branch count (13.64 per plant), flower clusters (14.72 per plant), and fruit yield (1.36 kg per plant). Additionally, this fertilization strategy accelerated the onset of flowering and fruit setting, indicating a faster transition to the reproductive stage. Quality attributes of the fruit, such as Total Soluble Solids (TSS), number of locules per fruit, and pericarp thickness, were also significantly improved at the highest nutrient levels.
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TABLE 1: Effect of different levels of nitrogen and phosphorus on growth and yield of Tomato (Solanum lycopersicum L.)
	Treatment
	Plantheight(cm)
	Branches
	DaystoFirst Flowering
	DaystoFirst Fruit Setting
	No.of
Locule perfruit
	Pericarp
thickness (mm)
	No. of  Fruits per Cluster
	Fruit Weight per Plant(kg)
	Yeild per Plot(kg)
	Yield (q/ha)
	TSS
(inBrix)

	T1:Nitrogen@30 kg/ha
	77.43
	11.69
	35.13
	11.69
	2.63
	5.54
	3.48
	1.05
	8.00
	200.10
	4.88

	T2:Nitrogen@60 kg/ha
	78.92
	12.00
	36.93
	12.00
	3.12
	5.69
	3.96
	1.19
	8.62
	215.60
	5.15

	T3:Nitrogen@90 kg/ha
	79.88
	12.30
	37.56
	12.30
	3.72
	5.79
	4.82
	1.23
	9.87
	246.70
	5.49

	T4:Nitrogen@120 kg/ha
	82.77
	12.71
	40.16
	12.71
	5.16
	5.90
	5.95
	1.30
	10.92
	273.00
	6.08

	T5:Phosphorus@20 kg/ha
	75.29
	11.25
	35.56
	11.25
	2.19
	5.50
	3.04
	1.01
	7.95
	198.90
	4.44

	T6:Phosphorus@40 kg/ha
	76.78
	11.56
	36.00
	11.56
	2.68
	5.99
	3.52
	1.15
	8.57
	214.40
	4.71

	T7:Phosphorus@60 kg/ha
	77.74
	11.86
	36.06
	11.86
	3.28
	5.75
	4.38
	1.19
	9.82
	245.50
	5.05

	T8:Phosphorus@80 kg/ha
	80.63
	12.27
	37.12
	12.27
	4.72
	5.86
	5.22
	1.26
	10.86
	271.60
	6.72

	T9: Nitrogen + Phosphorus @ 60+40 kg/ha
	81.26
	13.26
	38.49
	13.26
	4.05
	5.75
	5.18
	1.25
	11.71
	292.80
	6.08

	T10: Nitrogen + Phosphorus @ 90+60 kg/ha
	82.22
	12.90
	39.03
	12.90
	4.65
	5.85
	5.75
	1.29
	12.13
	303.30
	6.42

	T11: Nitrogen + Phosphorus@120+80 kg/ha
	85.11
	13.64
	40.60
	13.64
	5.29
	5.96
	6.88
	1.36
	12.95
	323.80
	6.52

	T12: Control (0 kg/ha Nitrogen	and Phosphorus)
	73.40
	10.12
	34.69
	10.12
	2.06
	5.37
	1.91
	0.08
	5.98
	149.50
	3.56

	SEm±
	0.83
	1.46
	0.34
	0.14
	0.37
	0.28
	0.11
	0.08
	0.33
	8.20
	0.36

	CD
	2.46
	0.50
	1.01
	0.41
	1.09
	0.10
	0.34
	0.23
	0.97
	24.30
	1.05



