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ABSTRACT 

The present investigation entitled “Effect of inorganic nutrients and 

biofertilizers on growth, yield and quality of spinach beet (Beta vulgaris var 

bengalensis) Cv. Pusa Bharati” was carried out during rabi season of the year 

2020-21 at PG research farm, College of Horticulture, Rajendranagar, 

Hyderabad. 

A total of ten treatments with three replications were carried out to know the 

effective combination of nutrient application on morphological parameters like 

plant height (cm), leaf length (cm), leaf width (cm) and length of leaf petiole 

(cm). Growth parameters like leaf area (cm2), leaf area index, specific leaf area 

(cm2 g-1), specific leaf weight (g cm-2) and leaf area duration (cm2 d-1). Yield 

parameters like number of leaves, leaf weight (g), leaf yield per plant (g) and leaf 

yield (q ha-1). Quality parameters like moisture content (%), shelf life (No. of 

days), vitamin-C (mg 100 g-1), carotene content (mg 100 g-1), physiological loss 

in weight (%) and economics were worked out. 

The results related to morphological parameters revealed that, among 
different treatment combinations, T9 (T6 + Arka vegetable special @ 5 g L-1) 
registered significantly higher plant height (14.94, 26.84 and 35.80 cm), 
maximum leaf length (10.94, 18.38 and 23.32 cm), maximum leaf width (4.16, 

12.45 and 13.52 cm) and length of leaf petiole (7.79, 10.00 and 14.94 cm) at 15, 

30 and 45 DAS respectively. 

The results pertaining to growth parameters reported that, among the 

treatment combinations, T9 treatment (T6 + Arka vegetable special @ 5 g L-1) 



recorded significantly maximum leaf area (120.83, 353.56 and 401.88 cm2), 
highest leaf area index (0.402, 1.178 and 1.339) at 15, 30 and 45 DAS. Specific 
leaf area was recorded minimum values (8.91, 12.57 and 6.96 cm2 g-1) in 
treatment T9 (T6 + Arka vegetable special @ 5 g L-1) whereas, maximum values 
(15.07, 25.57 and 14.64 cm2 g-1) was recorded in T4 (25 % RDF + Azotobacter + 
PSB + KSB) (Each @ 3.75 kg ha-1) at 15, 30 and 45 DAS. Highest Specific leaf 
weight (0.112, 0.079 and 0.143 g cm-2) at 15, 30 and 45 DAS and highest leaf 
area duration between 15 to 30 DAS and 30 to 45 DAS (11.79 and 18.75 cm2 d-1) 

were recorded in treatment T9 (T6 + Arka vegetable special @ 5 g L-1). 

The data pertaining to yield parameters, highest number of leaves (13.16, 

16.56 and 19.91), maximum leaf weight (19.38, 38.76 and 36.44 g) highest leaf 
yield per plant (41.53, 47.65 and 98.11 g) and highest leaf yield per hectare 
(412.75 q ha-1) were recorded in T9 treatment (T6 + Arka vegetable special @ 5 g 
L-1) at 30, 45 and 60 DAS respectively. 

The results pertaining to quality parameters indicated that maximum 

Vitamin-C (65.70 mg 100 g-1), Carotene content (10.59 mg 100 g-1) and 

Chlorophyll (41.63 SPAD units) were recorded in treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1). Lowest moisture content (84.46 %) with minimum 

PLW (47.24 %) which ultimately increases the shelf life (2.99 days) was 

obtained in T9 treatment (T6 + Arka vegetable special @ 5 g L-1). 

The data on economics of treatment combinations showed that, T9 treatment 

(T6 + Arka vegetable special @ 5 g L-1) recorded higher gross returns (₹ 199375/- 
), net returns (₹ 103214/-) and benefit cost ratio (6.00) Whereas, the minimum 

benefic cost ratio (3.50) recorded in treatment T4 (25 % RDF + Azotobacter + 

PSB + KSB (Each @ 3.75kg ha-1) 

It can be concluded from present study that, T9 (T6+ Arka vegetable special 

@ 5 g L-1) treatment was the effective combination of nutrient application on 

growth, yield and quality of spinach beet. 
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Chapter Ⅰ 

INTRODUCTION 

Spinach beet (Beta vulgaris var. bengalensis; 2n=2x=18) is the most popular 

vegetable crop grown in India and other parts of the world as leafy vegetable. It 

belongs to the family Chenopodiaceae. It is also known as Indian spinach, Beet 

leaf in English and Palak in Hindi and is originated from Indo-Chinese region. 

(Nath, 1976) 

Indian Council of Medical Research, New Delhi recommends 325 g of 

vegetables per person per day. Among these leafy vegetables contributes 50 g, 

tuber crops contribute 50 g and other vegetables including onion contributes 225 

g per day per person for balanced diet. But, as per PJTSAU, actual consumption 

of leafy vegetables is 24 g per day per person in Telangana state. In India, 

spinach beet mostly grown for its nutritive, tender and soft succulent leaves and 

it plays a vital role in daily diet of humans with high nutritional values. 

Spinach beet is rich in vitamins especially vitamin A (97701 IU) and other 

vitamins like Ascorbic acid (70 mg 100 g-1), Riboflavin, Thiamine. Minerals like 

Iron and Calcium (380 mg 100 g-1), Folic acid and some amounts of Nicotinic 

acid, Pyridoxine, Antioxidants as Carotene, Flavones, Indoles and 

Isothiocyanates, essential amino acids etc. Hence, it is called “Mines of 

Minerals” (Thamburaj and Singh, 2015). 

India is blessed with diverse agro-climatic zones with distinct seasons, 

making it possible to grow wide range of vegetables and is second largest 

producer of vegetables next to China in the world. As per National Horticulture 

Database published by National Horticulture Board, during 2018-19, area under 

cultivation of vegetable crops is 10.1 million hectares with Production of 185.8 

million Metric tonnes and Productivity of 18.4 MT ha-1. According to National 

Horticulture Board, during 2018-19 in Telangana state, area under cultivation of 

Vegetable crops is 140.31 thousand hectares with production of 2548.69 lakh 

MT. Present area under cultivation of leafy vegetables in Telangana state is 

21,208 acres with production of 89,577 MT. 



In recent years, as the consumers are becoming more aware about the use of 

chemical free vegetables particularly leafy vegetables. Hence, it becomes the 

need to sustain the production level with minimum or no use of chemicals. 

Continuous application of chemicals deteriorates the soil and cause soil 

problems. Now-a-days, the producers are taking more interest in the nutritional 

harvest i.e., quality of the produce in terms of its food value rather than its 

quantity per hectare. Ignorance of organic manures and random use of chemical 

fertilizers, soil becomes vulnerable that leads to nutrient imbalance and threat to 

ecological sustainability. It is also well understood that the ideal soil condition 

can be created through combination of organic manures for maximum crop yield. 

In this modernization, consumption of chemicals like fertilizers, pesticides, 

growth regulators etc., have been utilized in the production system. Farmers use 

huge amount of nitrogenous fertilizers for efficient growth leads to deterioration 

of quality, shelf-life and presence of chemical residue in leaves which causes 

harm to consumers. 

Biofertilizer is a wide term applied to a diverse category of bio-inoculants 

such as nitrogen fixers Azotobacter, phosphate solubilizing Bacteria like 

Pseudomonas, Bacillus, Rhizobium, Agrobacterium etc., and Potassium 

solubilizing bacteria like Acidothiobacillus, Ferrooxians and Bacillus spp. like B. 

circulans, B. edaphicus and B.mucilagenous. They are efficient, eco-friendly, 

cost effective, economically viable apart from meeting the crop nutrient 

requirements. They also play a significant role in improving nutrient availability 

in the soil for crop plants. Among various bio-inoculants Azotobacter, a 

nonsymbiotic, free-living, aerobic nitrogen fixing bacteria, can substitute part of 

inorganic fertilizers. Azotobacter inoculation saves nitrogenous fertilizers by 10- 

20 per cent (Mohandas, 1999). Phosphate Solubulizing bacteria (PSB) was 

reported to play a significant role in solubilizing the inorganic phosphates which 

are largely unavailable to plants and making it available to crop use (Tilak and 

Singh, 1994). Potassium solubilizing bacteria (KSB) can solubilize K-bearing 

minerals and convert the insoluble K to soluble forms of K available to plant 

uptake (Etesami et al., 2017). 



Arka Microbial Consortium (AMC) is a carrier-based product which 

contains N Fixing, P and Zn solubilizing and plant growth promoting microbes as 

a single formulation. Besides, the synergistic effects of the formulated microbes 

can help in sustainable vegetable production. 

Arka vegetable special is a micronutrient formulation contains most of the 

micronutrients such as Zn, B, Fe, Cu, Mn, Mo and Cl and also contains most of 

the secondary nutrients such as Ca, Mg, S and K which enhances fruit quality in 

terms of fruit appearance, fruit keeping quality and taste. It can be mixed with 

any fungicide or insecticide, recommended for all vegetable crops at different 

doses. 

Most of the farmers use only urea as a fertilizer which is sometimes above 

recommended dose. They are not sufficiently aware of management practices and 

use of other fertilizers and bio fertilizer. Possibly these are the main causes of 

poor yield and soil health deterioration. Also, increase in N fertilizer led to 

increase in nitrate content of the crop tissues without significant increase in yield 

(Custic et al., 1994). Increasing the use of chemical fertilizer led to high cost in 

vegetable production and creates pollution of their agricultural environment as 

well as affects the soil fertility; therefore, it has become essential to use 

untraditional fertilizers as supplements or substitutes for chemical fertilizers. In 

the same respect, (Ahmadi et al., 2010) reported that, total yield, number of 

leaves/plant and nitrate content in leaves were increased by increasing chemical 

fertilizer NPK, while different fertilizer levels had no significant effect on petiole 

length. 

To maintain and sustain a higher level of soil fertility and crop productivity, 

by reducing the levels of inorganic nutrients are very important in the crop 

production system. In addition, it minimizes the soil water pollution to greater 

extent. Therefore, it has become essential to use untraditional fertilizers as 

supplements or substitutes for chemical fertilizers. Keeping the facts in view, the 

study was carried out to examine the best inorganic nutrients and its combination 

with biofertilizers for better growth, yield and also nutrient availability for crop 

and soil with the following objectives. 



OBJECTIVES 

 
• To study the influence of inorganic nutrients and biofertilizers on growth and 

yield of Palak. 

• To study the influence of inorganic nutrients and biofertilizers on quality of 

Palak. 

• To find out the effective combination of nutrient application on growth and 

yield of Palak. 
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Chapter Ⅱ 

REVIEW OF LITERATURE 

Commercialization of inorganic fertilizers had led to a major shift from 

organic manures to chemical fertilizers. But the continuous and haphazard uses 

of chemical fertilizers make the soil more problematic and threat to ecological 

sustainability. In recent years, as the consumers are more aware about the use of 

chemical free vegetables particularly leafy vegetables. Hence, there is need to 

reduce the levels of inorganic nutrients and it is essential to use untraditional 

fertilizers as supplements or substitutes for chemical fertilizers. 

Balanced use of inorganic fertilizers and organic sources of nutrients such as 

organic manures and biofertilizers aims at maximizing yields, maintaining soil 

productivity, proper environment and ecological balance. This information on 

leafy vegetables is very scanty. Therefore, literature pertaining to leafy 

vegetables along with other vegetable crops also has been reviewed and 

presented in this chapter under the following sub-headings. 

2.1. Effect of biofertilizers on growth and yield attributes 

 

2.2. Effect of biofertilizers on quality attributes 

 
2.3. Effect of inorganic and organic sources on growth and yield attributes 

 

2.4. Effect of inorganic and organic sources on quality attributes 

 
2.5. Effect of micronutrients on growth and yield attributes 

 

2.6. Effect of micronutrients on quality attributes 

 

2.1. Effect of biofertilizers on growth and yield attributes 

 
Aishwath et al. (2012) studied the effect of PSB, Azotobacter and their 

combination on growth characters and yield attributes of coriander. Splitted seeds 

of coriander were inoculated with Azotobacter and PSB alone and their 

combinations. Results revealed that plant height at various stages and number of 

primary, secondary branches, numbers of umbellates/ umbel, seed, straw and 

biological yields were highest with combine use of PSB and Azotobacter. 



Chamangasht et al. (2012) studied the effect of Azotobacter, Azospirillum, 

Pseudomonas (strain 187) and their mixture on lettuce growth and yield. Results 

indicated that inoculating seeds with the biofertilizers significantly increased 

plant height, the number of leaves, biomass, leaf area index and plant yield, 

compared with the control (no biofertilizer). 

Choudhary et al. (2017) conducted an experiment consist of 16 treatment 

combinations viz., four levels of fertility (control, 50 %, 75 % and 100 % 

recommended dose of NPK) and four different biofertilizer inoculations (control, 

Azotobactor, Azospirillum and PSB) in knol-khol. Among different bio- 

fertilizers the inoculation of PSB leads to maximum plant height, number of 

leaves per plant, knob diameter, biological yield per plant, average weight of 

knob, volume of knob, yield of knob per hectare but at par with Azospirillum. 

Meena et al. (2017) evaluated on effect of organic manures and 

biofertilizers on growth, yield and quality of broccoli (Brassica oleracea var. 

italica Plenck.) Cv. KTS-1 and recorded highest plant height (52.67 cm), number 

of leaves per plant (22.13), leaf length (43.07 cm), leaf width (35.20 cm), stem 

diameter (5.00 cm), days to curd (65.13), days to 50 % curd initiation (75.23 

days), days taken to 50 % curd maturity (96.13 days), curd diameter (10.52 cm), 

curd weight (305.33 g), yield (125.20 q/ha) 

Chaudhary et al. (2018) examined the response of three levels of 

biofertilizers viz. (Azotobactor, PSB, Azotobactor + PSB) and five different 

sources of organic manures viz. FYM, Vermicompost, Castor cake, Poultry 

manure, Neem cake in amaranthus. The results revealed that among different 

biofertilizers, minimum days taken for first cutting, second cutting, third cutting 

and fourth cutting at 20 cm height, maximum yield of first cutting, second 

cutting, third cutting and fourth cutting subsequently cutting at 20 cm height (g), 

yield per plot (kg) and yield per ha (q/ha) were recorded with treatment b3 

(Azotobactor + PSB) and treatment f2 (Vermicompost). 

Shinde et al. (2018) investigated on effect of biofertilizers on growth and 

yield of Spinach by using different combination treatments of biofertilizers. It 

was found that, the application of Azotobacter + PSB each @ 2 lit/ha were 



recorded maximum values of growth attributes like plant height (26.6 cm), 

number of leaves per plant (19.33), number of branches per plant (1.32) and yield 

attributes like fresh weight of whole plant (98.11 g), Yield per plot (3.8 kg), yield 

per hectare (63.34 q). 

Gayathri and Malathi (2019) studied the effect of different biofertilizers on 

the growth of Amaranthus viridis L. recorded that the growth parameters such as 

root length, shoot length, fresh weight and dry weight was estimated to be higher 

in plants treated with Azospirillum on the 30th day. On the 45th day, the root 

length and shoot length was found to be higher in Azospirillum treated plants, 

but the fresh weight and dry weight were found to be more in plants treated with 

Phosphobacteria and concluded that bio-fertilizers are a suitable supplement to 

chemical fertilizers to meet the integrated nutrient demand of the crops. 

Hndersah et al. (2019) assesed whether mixed biofertilizer could decrease 

inorganic fertilizers dosage and maintain population of Phosphate solubilizing 

bacteria (PSB) and Nitrogen fixing bacteria (NFB) in the rhizosphere and to 

verify the difference yield of leafy vegetable grown with and without 

biofertilizer. Experiment has been conducted in vegetable farming area and set 

up by used of three leafy vegetables; caysim (Brassica rapa L), amaranth 

(Amaranthus sp.) and water spinach (Ipomoea aquatica Forssk.). Results verified 

that biofertilizer inoculation increased crops productivity and population of PSB 

and NFB in rhizosphere of the three vegetables, and decreased NPK fertilizer 

dosage up to 25 % and suggested that microbial inoculation practice can support 

local vegetables production as well as environmental health, and farmers might 

receive additional income. 

Sharma and Divakara (2019) studied application of the fungicide along with 

or without co-application of a bio fertilizer viz., Arka microbial consortium. 

Increase in biomass by 11 to 15 per cent in spinach and green onions resulting 

from application of the bio fertilizer seemed to have resulted in faster dissipation 

of chlorothalonil in the produce and concluded that the bio fertilizer used in this 

study increased the yield without harming the environment, thereby, also, 

accelerating the reduction in chlorothalonil residues in the produce. 



2.2. Effect of biofertilizers on quality attributes 

 
Raut et al. (2006) evaluated on soil microbial population and tomato yield as 

influenced by plant nutrient sources and determined that maximum ascorbic acid 

content was observed in the treatment 30 t FYM + 5 kg Azospirillum which 

confirm that quality of the agricultural produce improved through organic 

manures and plant growth promoting rhizobacteria. Among the different 

treatments, addition of organic manure further improves the status significantly 

over control. 

Sonali et al. (2012) studied the effect of different biofertilizers on quality of 

fenugreek and reported that, the quality parameters viz., chlorophyll content, leaf 

moisture content, leaf protein content were found to be significantly maximum 

with seed treatment and soil application of rhizobium plus PSB. 

Maheswari and Kalaiyarasi (2015) made trails on the survival of bacteria 

Azotobacter on liquid and carrier using pot culture in amaranth. Results revealed 

that T3 combined inoculation liquid biofertilizer and carrier based biofertilizer 

such as Azotobacter could enhance the morphological parameters and 

biochemical constituents such as chlorophyll, carotenoids, compared to 

individual inoculation and control. 

Choudhary et al. (2017) conducted an experiment consisting of 16 treatment 

combinations viz., four levels of fertility (control, 50 %, 75 % and 100 % 

recommended dose of NPK) and four different biofertilizer inoculations (control, 

Azotobactor, Azospirillum and PSB) in knol-khol. Among different bio-fertilizers 

the inoculation of PSB leads to maximum NPK content in Knob, protein content, 

ascorbic acid and chlorophyll content over rest of Biofertilizers but at par with 

Azospirillum. 

Meena et al. (2017) evaluated on effect of organic manures and 

biofertilizers on growth, yield and quality of broccoli (Brassica oleracea var. 

italica Plenck.) Cv. KTS-1 and recorded maximum vitamin C contain (90.50 

mg/100), T.S.S contain (8.80 ⁰Brix) and reducing sugar (3.25 %  )   , non-reducing 



sugar (0.79 %), Total sugars (3.97 %) was recorded in T8 (RDF 25 % + 

Vermicompost 50 % + Azotobacter 50 % + Azotobacter 25 % except acidity. 

Chaudhary et al. (2018) examined the response of three levels of 

biofertilizers viz. (Azotobactor, PSB, Azotobactor + PSB) and five different 

sources of organic manures viz. FYM, Vermicompost, Caster cake, Poultry 

manure, Neem cake in amaranthus. Among different sources of organic sources, 

chlorophyll a, chlorophyll b, total chlorophyll, carotenoid content, protein 

Content and iron content were recorded with treatment b3 (Azotobactor + PSB) 

and treatment f2 (Vermicompost). 

2.3. Effect of inorganic and organic sources on growth and yield 

attributes 

Raut et al. (2006) evaluated on soil microbial population and tomato yield 

as influenced by plant nutrient sources and determined that the recommended 

NPK along with FYM gave the maximum plant height (95.67 cm), fruit weight 

(591.0 g plant-1) and fruit yield (196.43 q ha-1) which shows promise on 

inorganic fertilizers. 

Shukla et al. (2006) found that application of recommended dose of N, 

P and K (100, 75 and 55 kg ha-1) with farm yard manure and vermicompost 

(250 and 12.5 q ha-1) regularly was better in increasing yield per plant, 

yield ha-1, number of fruits per plant, number of fruits per cluster and 

average fruit weight in tomato. 

Phandis et al. (2007) reported that application of NPK at 150:80:80 kg 

ha-1 + vermicompost increased the yield by 33 % over the recommended 

NPK ha-1+ FYM. Vermicompost, FYM and control (no fertilizers) reduced 

the yield by 31, 35 and 40 % relative to the recommended treatment in 

spinach Cv. All Green. 

Patel et al. (2010) studied the effect of of integrated nutrient 

management (INM) practices in fenugreek (Trigonella foenum-graecum) 

and reported that the application of recommended dose through inorganic 



form with PSB @ 5 kg ha-1 gave higher growth and yield attributes and was 

at par with recommended dose of fertilizer + Azotobacter sp. @ 5 kg ha-1 + 

5 t farm yard manure ha-1 and recommended dose of nitrogen + PSB @ 5 

kg ha-1 which were significantly superior to other treatments except test 

weight.The maximum net realization and benefit:cost ratio was obtained 

when the crop was fertilized with full dose of nitrogen and phosphorus with 

PSB @ 5 kg ha-1. 

Godara et al. (2012) conducted an experiment on effect of different 

combinations of organic and inorganic nutrient sources on productivity and 

profitability of fenugreek (Trigonella-foenium-graecum) and inferred that 

application of 50 % RDF along with 50 % vermicompost and poultry manure is 

better for realizing good soil health and sustainable higher yield levels. 

Aisha et al. (2013) investigated the effect of bio and chemical fertilizer 

(NPK) at different rates for influence plant growth, total yield and chemical 

properties of spinach plants. Results revealed that the interaction treatments 

showed that using high rate of bio fertilizer (2 kg/fed.) with the 70% of (RR) of 

chemical fertilizer resulted the superiority in plant growth characters as well as 

the best total yield (ton/fed.) and its content of protein, P, K and No3. 

Pathak et al. (2018) made studies on the effect of source of nutrient on 

growth, yield and quality in radish – coriander cropping sequence and results 

revealed that (Recommended FYM @ 20 t ha-1 + fertilizer @ 80:60:80 NPK kg 

ha-1 + PP with organic methods) + IIHR microbial consortium @ 12.5 kg ha-1 

recorded significantly highest days to seed germination (4 days), plant height 

(33.50 cm), number of leaves plant-1 (10.47), leaf area (293.46 cm2 ), length of 

leaves (26.69 cm), length of root (15.24 cm), root circumference (10.23 cm), 

Average root weight (160.26 g), Days taken to harvest of roots (54 days), fresh 

weight of radish root (72.33 g), dry weight of radish root (3.60 g), root yield 

(296.28 q ha-1). 

Malav et al. (2018) laid out an experiment on the standardization of organic 

module for production of fenugreek (Trigonella foenum graecum L.) and 



revealed that the seed and straw yield of fenugreek was found significant due to 

different treatments, wherein integrated use of organic sources of nitrogen (50 % 

RDN through castor cake + Rhizobium + PSB) recorded significantly higher seed 

and straw yield of fenugreek as compared to their individual use and concluded 

that it is better for realizing good soil health and sustainable higher yield levels. 

Rather et al. (2018) conducted an experiment to find out the effect of 

organic manures and bio-fertilizers on growth and yield of Lettuce Cv. LS-2 

constituting 13 treatments combinations in all. The investigation revealed that the 

Treatment T9, (60 kg N ha-1 + 45 kg P ha-1+ 30 kg K ha-1+ Vermicompost (4 t ha- 

1 ) + Biofertilizers @ 7.5 l ha-1 ) recorded higher values for plant height (37.84 

cm), plant spread (39.91 cm), minimum no. of days to first harvest (40), leaf area 

(280.42 cm2 ), no. of leaves plant-1 (48.15), average leaf weight (13.95 g), leaf 

weight plant-1 (518.25 g), leaf yield plot-1 (9.81 kg) and leaf yield ha-1 (23.83 t). 

Yadav et al. (2019) investigated on effect of integrated nutrient management 

on growth, leaf yield and economics of spinach (Beta vulgaris L.) var. Pusa 

Jyothi. Results revealed that the application of 75% RDF + 10 t Vermicompost 

ha-1 + 5 kg PSB ha-1 + 5 kg Azotobacter ha-1 (T8) was recorded significantly 

maximum plant height, number of leaves plant-1, fresh and dry weight of leaves 

plant-1 and leaves yield ha-1 at first year, second year and pooled as compared to 

control. 

Khadse et al. (2021) laid out an experiment with nine treatment 

combinations and four replications. Treatments consist of three nitrogen sources 

viz., 100% N through urea, 50 % N through FYM + 50 % N through urea and 50 

% N through FYM + 50 % N through Vermicompost + Biofertilizers and three 

vegetables viz., Coriander, Fenugreek and Spinach. The growth characters of all 

vegetables and maximum green biomass yield were significantly higher with the 

application of 50 % N through FYM + 50 % N through urea followed by 50 % N 

through FYM + 50 % N through Vermicompost + Biofertilizers. 

Babaleshawar et al. (2020) conducted an experiment to study the effect of 

integrated nutrient management on yield and quality of kasuri methi (Trigonella 

corniculata L.) under hill zone of Karnataka and reported that the yield attributes 



like dry herb yield (1.88 t/ha), fresh herb yield (8.02 t/ha), No. of pods plant-1 

(620.17), Pod length (2.14) was recorded in the treatment supplied with 75% N+ 

RD PK +FYM (7.5 t ha-1) + Rhizobium (1.5t ha-1) + Azospirillum (5 kg ha-1) + 

PSB (5 kg ha-1). While it was found statistically at par with application of 50% 

N+ RD PK + FYM (7.5 t ha-1) + Rhizobium (1.5 kg ha-1) + Azospirillum (5 kg 

ha-1) + PSB (5 kg ha-1). 

Sahu et al. (2020) investigation entitled Study the effect of integrated 

nutrient management on vegetative growth of fenugreek (Trigonella foenum 

graecum L.) and concluded that the treatment (T11) i.e., 50% RDF + Neem cake 

@ 1 ton ha-1 + Rhizobium + PSB was best at all the stages of growth and yield 

parameters showed better performance from other treatments of organic, 

inorganic and biofertilizer applications. 

2.4. Effect of inorganic and organic sources on quality attributes 

 

Rafi et al. (2002) revealed that application of 50 % recommended dose 

of FYM @ 12.5 t ha-1 along with reduced levels of recommended doses of 

fertilizers (50 % RDF @ 100:50:50 NPK kg ha-1) resulted in the highest 

yield with high quality and also revealed that the readymade organic 

manures of commercial companies used in this study were inferior to 

traditional organic manures viz., FYM and Vermicompost. 

Patil et al. (2004) made studies on effect of inorganic and organic fertilizers 

on growth, fruit yield and quality of tomato and observed that highest number of 

leaves per plant, TSS and shelf life was obtained with RDF (NPK @ 50:25:25 kg 

ha-1) +FYM @ 12 t ha-1) and RDF (NPK @ 50:25:25 kg ha-1) +Vermicompost @ 

12 t ha-1) 

Kadlag et al. (2007) conducted an experiment on yield and quality of tomato 

fruit as influenced by organic manures and biofertilizers and found that highest 

fruit yield and fruit quality of tomato was observed with the application of 

recommended dose of fertilizer (NPK @ 100:50:50 kg ha-1) + PSB and RDF + 

Azospirillum + PSB respectively. 



Kumar and Sharma (2007) investigated the effect of different methods of 

biofertilizer application in tomato seed production carried out and significantly 

highest plant height, minimum spoilage of fruits, maximum shelf life of fruits 

and highest fruit yield was observed when biofertilizers applied alone, in 

combination with 75 % @ 75, 56.25 and 41.25 kg ha-1 and 100 % @ 100, 75 and 

55 kg ha-1 NPK + full dose of FYM @ 25 t ha-1 on tomato production. 

Phandis et al. (2007) reported that application of NPK at 150:80:80 kg 

ha-1 + vermicompost in spinach Cv. All green recorded the highest values 

for dry matter and ascorbic acid contents, followed by NPK at 150:80:80 

kg ha-1 + FYM. The latter treatment gave the highest values for chlorophyll 

and crude protein contents. 

Padmanabha et al. (2008) evaluated that the effects of organic and 

inorganic fertilizers on the content and uptake of nutrients (N, P and K) in 

roots and haulms of palak (Beta vulgaris var bengalensis). The application 

of N P K (150:100:100) + Agrimagic equivalent to FYM on N basis (8.87 t 

ha-1) recorded the highest content and uptake of N, P and K in palak. 

Rodge and Yadlod (2009) reported that the increased height of plant, 

number of primary branches, number of leaves, maximum number of fruits 

per plant, heaviest fruit, fruit yield per plant, per plot, highest fruit juice and 

TSS in tomato, was observed with the application of 50 % RDF + 50 % 

FYM which was followed by 50 % RDF + 50 % Vermicompost. 

Kanaujia et al. (2010) conducted integrated nutrient studies in radish 

at Nagland revealed that integrated application of chemical fertilizers, 

organic manures and biofertilizers alone or in combination significantly 

increased the growth, yield and quality characters compared to control. 

Maximum root yield (534.66 q ha-1), TSS (4.33⁰ Brix) and vitamin C 

content (24.93 mg 100 g-1) were recorded with 50 % FYM + Biofertilizers 

compared to 100 % NPK. These results suggested that optimum quality   

production of radish can be obtained through organic manures under the



      treatment T7 (50 % NPK + 50 % FYM + Biofertilizers). 

 

Kumar et al. (2010) conducted an experiment on the response of 

integrated nutrient management (INM) on growth, yield and quality of 

tomato and found that the maximum growth, yield and TSS content in 

tomato with the application of RDF (NPK @ 90:60:60 kg ha-1) + organic 

manure (FYM @ 15 t ha-1, Vermicompost @ 10 t ha-1 and poultry manure 

@ 3 q ha-1) + biofertilizers (VAM 2 kg ha-1, PSB 2 kg ha-1 and 

Azospirillum 2 kg ha-1). 

Sharma et al. (2010) studied the effect of integrated nutrient 

management on growth, yield and quality parameters of tomato and 

observed that the combined application of Azotobacter @ 2 kg ha-1 + 75 % 

N2 + full dose of P2O5 and K2O + full dose of FYM, treatment combination 

significantly increased growth, yield and quality characters over RDF or 

organic manures alone. 

Chumyani et al. (2012) evaluated on effect of integrated nutrient 

management on growth, yield and quality of tomato and observed that the 

maximum fruit yield, vitamin C, TSS and produced the highest net return 

with cost-benefit ratio of 1:3.1 and also buildup of organic carbon in the 

soil after harvest of tomato Cv. Punjab chhuhara, were recorded with the 

application of NPK @ 60:30:30 kg ha-1+ FYM @ 10 t ha-1+ Vermicompost 

@ 5 t ha-1 + biofertilizers. 

Yeptho et al. (2012) made studies on effect of integrated nutrient 

management on growth, yield and quality of tomato under polyhouse 

condition and noticed that higher plant height, number of branches plant 

per plant, fruit length, fruit diameter, fresh weight of fruit, yield, TSS and 

vitamin C content in tomato on application of recommended dose of 

fertilizer (NPK @ 60:30:30 kg ha-1) + Vermicompost @ 5 t ha-1) + 

biofertilizers. 



Pathak et al. (2018) were made studies on the effect of source of nutrient on 

growth, yield and quality in radish – coriander cropping sequence and results 

revealed that (Recommended FYM @ 20 t ha-1 + fertilizer @ 80:60:80 NPK kg 

ha-1 + PP with organic methods) + IIHR microbial consortium @ 12.5 kg ha-1 

record significantly highest vitamin C (15.44 mg/ 100 g), reducing sugar (2.97 

%), non-reducing sugar (16.78 %), total sugar (18.95 %) and T.S.S. (5.45 ⁰ Brix). 

 
Raturi et al. (2018) investigated entitled “Effect of organic and inorganic 

nutrient sources on growth, yield and quality of bell pepper (Capsicum annuum 

L.) Grown under polyhouse condition” and reported that shelf life, ascorbic acid, 

TSS were recorded maximum with the conjoint application of 50 % NPK + 

Azotobacter + vermicompost. 

Babaleshawar et al. (2020) conducted an experiment to study the effect of 

integrated nutrient management on yield and quality of kasuri methi (Trigonella 

corniculata L.) under hill zone of Karnataka and reported that quality attributes 

like crude protein in herb (13.31 %) and in seed (21.33 %) was recorded in the 

treatment supplied with 75% N+ RD PK +FYM (7.5 t ha-1) + Rhizobium (1.5t ha- 

1) + Azospirillum (5 kg ha-1) + PSB (5 kg ha-1). While it was found statistically at 

par with application of 50% N+ RD PK + FYM (7.5 t ha-1) + Rhizobium (1.5 kg 

ha-1) + Azospirillum (5 kg ha-1) + PSB (5 kg ha-1). 

Nisar et al. (2020) made studies on the effect of integrated nutrient 

management on quality attributes of black carrot with different combinations of 

inorganic fertilizers, organic manures and biofertilizers. Results revealed that 

among the different treatment combinations, treatment with 50 % N + 25 % P & 

K + PSB + KSB 50 % VC) recorded the higher values for dry matter content 

(14.40%), total sugars (8.19 %), total carotenoids (3.90 mg-1 100 g), total 

phenolic content (251.83 mg-1 100 g), anthocyanin content (49.66 mg-1 100 g). 

 

2.5. Effect of micronutrients on growth and yield attributes 

 
Diana and Nehru (2014) conducted an experiment to find out the role of 

micronutrients on growth, seed yield and quality in coriander Cv. CO-4. Results 

indicated that foliar spray of 0.5 % FeSO4 induced the highest growth rates in 



terms of net assimilation rate (0.085 mg g-1 day-1 in rabi and 0.063 mg g-1 day-1 in 

kharif) and crop growth rate (7.52 mg m-2 day-1 in rabi and 7.78 mg m-2 day-1 in 

kharif). Maximum number of umbels per plant (33.7 in rabi and 13.8 in kharif) 

and highest seed yield per hectare (623.3 kg in rabi and 599.9 kg in kharif). 

Kisan et al. (2015) laid out an experiment on the effect of nano-zinc oxide 

particles on the leaf physical and nutritional traits of spinach. The spinach plants 

were sprayed with graded concentration of zinc oxide nanoparticles (ZnO NPs) 

after 14 days of sowing and showed that the plants sprayed with ZnO NPs at the 

concentration of 500 and 1000 ppm showed the increased leaf length, width, 

surface area and colour of leaf samples when compared to control leaf samples. 

Mounika et al. (2017) studied the effect of different biofertilizers and 

micronutrients on growth, leaf yield and quality of coriander Cv. Sadhana. 

Among the treatments, seed inoculation with Azospirillum + PSB+ foliar spray 

of zinc sulphate @ 0.5 % recorded maximum plant height, number of primary 

branches, leaf area, fresh leaf yield per plant, leaf yield per plot, leaf yield per 

hectare, dry matter production. 

Sarkar et al. (2017) conducted experiment on the effect of boron and zinc 

application on growth, seed yield and its quality of water spinach (Ipomoea 

reptans Poir.). Results revealed that soil application of borax @ 25 kg ha-1 and 

ZnSo4 @ 15 kg ha-1 alone and as combination recorded maximum number of 

flowers/hill (282.6, 275.1 & 311.5), number of capsules/hill (238.2, 220.7 & 

257.8), seed yield (1.22, 1.21 & 1.32 t ha-1), shelling percentage (67.14, 67.06 & 

68.76 %), 1000 seed weight (38.05, 38.25 & 41.16 g), germination percentage 

(86.6, 86.3 & 90.0 %), seedling vigour index (6.20, 6.26 & 6.63) and seedling 

growth rate (0.123, 0.123 and 0.127 g plant-1 day-1), respectively over control. 

Tania et al. (2018) assessed the influence of micronutrients on growth 

and yield of coriander. Spraying with B-0.05 %+ Zn-0.1 %, also proved to be 

effective with respect to growth characters namely root length (9.65 cm), number 

of primary (7.73) and secondary (17.87) branches, number of umbellets/umbel 

(5.66), number of seeds/umbel (28.20), and various yield components namely 

seed weight per umbellet (0.063 g) and seed weight/umbel (0.35 g) and  



concluded that Boron and Zinc may be sprayed 45 days after sowing in coriander 

for better vegetative growth and yield at Gangetic plains of West Bengal. 

2.6. Effect of micronutrients on quality attributes 

 
Kisan et al. (2015) laid out an experiment on the effect of nano-zinc oxide 

particles on the leaf physical and nutritional traits of spinach. The spinach plants 

were sprayed with graded concentration of zinc oxide nanoparticles (ZnO NPs) 

after 14 days of sowing and showed that the plants sprayed with ZnO NPs at the 

concentration of 500 and 1000 ppm showed the higher values of protein and 

dietary fibre content in comparison to control leaf samples of spinach. 

Mounika et al. (2017) studied the effect of different biofertilizers and 

micronutrients on growth, leaf yield and quality of coriander Cv. Sadhana. 

Among the treatments, seed inoculation with Azospirillum + PSB + foliar spray 

of zinc sulphate @ 0.5 % recorded maximum protein content, ascorbic acid 

content and moisture content. 

Prasad et al. (2017) studied the effect of zinc and iron on quality of 

Amaranth (Amaranthus spp.) Cv. Pusa Kiran and reported that chlorophyll a, 

chlorophyll b, total chlorophyll, and protein content were significantly increased 

by individual application of zinc @ 0.45 % and iron @ 0.30 % concentration and 

combined application of zinc and iron @ 0.45 % increased almost all quality 

parameters though carotenoid content was maximum in treatment without 

application of any treatment. 

Sarkar et al. (2017) conducted experiment on the effect of boron and zinc 

application on growth, seed yield and its quality of water spinach (Ipomoea 

reptans Poir.). Results revealed that maximum vine length, number of nodes per 

plant, average internode length and chlorophyll content of leaf were found in 

twice foliar sprays of borax @ 1.5 g/litre (B2) and twice foliar sprays of ZnSO4 

@ 1.5 g/litre (Zn2) individually as well as their combination (B2Zn2). 

Sidhu et al. (2019) were focused on the on role of micronutrients in 

vegetable production and also gave a brief overview of recent research findings 

related to role of micronutrients on vegetable production, which can contribute to 



a better understanding of the role of micronutrients in vegetable plants. They 

concluded that application of micronutrients to sustain soil health and crop 

productivity besides maintaining the quality of vegetables is of profound 

importance. Micronutrients are beneficial to improve yield, quality, earliness, 

fruit setting, increases post-harvest life, and develop resistance to biotic and a 

biotic stress. 
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Chapter Ⅲ 

MATERIAL AND METHODS 

This chapter comprises the details about materials used and the method 

adopted during the course of present investigation entitled “Effect of inorganic 

nutrients and biofertilizers on growth, yield and quality of Spinach beet 

(Beta vulgaris var. bengalensis) Cv. Pusa Bharati” carried out during Rabi 

season in the year 2020-21 at Student research farm, College of Horticulture, Sri 

Konda Laxman Telangana State Horticultural University, Rajendranagar, 

Hyderabad. The details of the location, the material used and the techniques 

adopted during the period of experimentation are presented in this chapter in the 

following headings and sub headings. 

3.1 GEOGRAPHICAL LOCATION AND WEATHER CONDITIONS OF 

THE EXPERIMENTAL SITE 

The experimental site is situated at an altitude of 542.3 m above mean sea 

level on 79°.23' East longitude and 17°.19' North latitude. The climate of 

Rajendranagar is semi-arid. Data on weather parameters during the period of 

investigation recorded at the Agriculture Research Institute, Rajendranagar, 

Hyderabad is presented in appendix Ⅰ. 

3.2 SOIL 

 

3.2.1. COLLECTION OF SAMPLES 

 
A composite soil sample (0-15 cm depth) was collected from research plot 

of student research farm, College of Horticulture, Rajendranagar, Hyderabad. 

Soil sample was collected from research plot before application of fertilizers. The 

soil sample was air dried, crushed with hammer and passed through 2 mm sieve 

and preserve for physical and chemical analysis and are presented in Table 3.1 
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3.3 Materials 

 
3.3.1 Layout of experimental site W E 
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Plate 1. General view of experiment 

 

 

 

 

 

 
 

 



3.3.2 Experimental details 

 

1. Name of the crop : Spinach beet 

 

2. Family : Chenopodiaceae 

 
3. Variety : Pusa Bharati 

 

4. Experimental design : Randomized Block Design 

 
5. Number of replication : 3 

 

6. Number of treatments : 10 

 
7. Total number of plots : 30 

 

8. Spacing : 30 x 10 cm2 

 
9. Plot size : 2 x 2 m2 

 

10. Total experimental area : 120 m2 

 
11. Research work : College of Horticulture, Rajendranagar, 

Hyderabad 

12. Season year experiment : Rabi season 2020 – 2021 

 

TREATMENT DETAILS: 

 

T1 -     100 % RDF @ 100:25:50 kg/ha 

T2 - 75 % RDF + Biofertilizers [Azotobacter + Phosphorous Solubulizing 

Bacteria (PSB) + Potassium Solubulizing Bacteria (KSB)] (Each @ 1.25 

kg/ha) 

T3 -    50 % RDF + Biofertilizers [Azotobacter + Phosphorous Solubulizing 

Bacteria (PSB) + Potassium Solubulizing Bacteria (KSB)] (Each @ 2.5 

kg/ha) 

T4 - 25 % RDF + Biofertilizers [Azotobacter + Phosphorous Solubulizing 

Bacteria (PSB) + Potassium Solubulizing Bacteria (KSB)] (Each @ 3.75 

kg/ha) 

T5 - 75 % RDF + Arka Microbial Consortium (AMC) @ 2.5 kg/ha + Potassium 

         Solubulizing Bacteria (KSB) @ 1.25 kg/ha 



T6 - 50 % RDF + Arka Microbial Consortium (AMC) @ 5 kg/ha + Potassium 

Solubulizing Bacteria (KSB) @ 2.5 kg/ha 

T7 - 25 % RDF + Arka Microbial Consortium (AMC) @ 7.5 kg/ha + Potassium  

Solubulizing Bacteria (KSB) @ 3.75 kg/ha 

T8 - T5 + Arka vegetable special @ 5 gm/litre 

T9 - T6 + Arka vegetable special @ 5 gm/litre 

T10 - T7 + Arka vegetable special @ 5 gm/litre 

NOTE: Foliar application of Arka vegetable special was done for 3 times i.e., at 

15 DAS, 30 DAS and 45 DAS 

Table 3.1. Salient soil characteristics of experimental site 

 

Physico-chemical properties  

pH 8.65 

Electric conductivity (EC) ds m-1 0.16 

Chemical properties  

Available nitrogen (kg ha-1) 142.50 

Available phosphorous (kg ha-1) 36.00 

Available potassium (kg ha-1) 192.00 

Zinc (mg kg-1) 0.323 

Iron (mg kg-1) 1.127 

Manganese (mg kg-1) 5.739 

Copper (mg kg-1) 0.392 



Plate 2. Different Treatments used in the Experiment 
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3.4 Cultivation details 

 
3.4.1 Field preparation 

 

The experiment plot was ploughed, harrowed with disc to bring it to fine 

tilth and perfectly levelled before being divided into sub plots as per the layout of 

experiment. 

3.4.2 Sowing 

 

The seeds were sown at a spacing of 30 cm between rows and 10 cm within 

the row. The field was irrigated immediately after sowing and thinning was done 

at 15 days after sowing of the crop. 

3.4.3 Method of application 

 

Before sowing, farm yard manure along with biofertilizers were applied to 

the soil as a basal dose as per the treatments. Dosage of different biofertilizers 

were fixed to meet the recommended dose of nitrogen as per the available 

nitrogen content in the respective biofertilizers. 

Inorganic fertilizers were applied as per treatment in the form of urea, single 

super phosphate and murate of potash to supplement the nitrogen, phosphorous 

and potassium nutrients respectively. Nitrogen was applied in 3 split doses in the 

form of urea. As a basal dose 1/4th of the total nitrogen was applied at the time of 

last ploughing and remaining 2 splits were applied after each cutting. 

Phosphorous and potassium were applied as a basal dose only in the form of 

single super phosphate and murate of potash respectively. 

3.4.4 Irrigation 

 
The crop was irrigated immediately after sowing. Subsequently, the 

irrigations were given at 7 days interval to maintain uniform soil moisture 

throughout the crop growth period. 

3.4.5 Intercultural operations 

 
The experiment plot was kept free of weeds throughout the crop growth 

period. A total of 3 weedings were done at 15, 30 and 45 days after sowing. 



Plate 3. Field preparation 
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3.4.6 Plant protection 

 
The crop was not affected with any insect pest or disease. Hence, no 

insecticides and fungicides were applied. 

3.4.7 Harvesting 

 

A total of three cuttings were taken. The first cutting was done at 30 days 

after sowing and the subsequent cuttings were made at 15 days interval. 

3.5 Observations recorded 

 
Five plants in each treatment and replications were randomly selected and 

tagged of each replication in each treatment for recording the observations. 

3.5.1 Morphological parameters 

 
3.5.1.1 Plant height (cm) 

 

Plant height from base of plant to the tip of the longest leaf was measured 

with scale from five tagged plants per replication per treatment at 15, 30 and 45 

days after sowing and their mean was worked out. 

3.5.1.2 Leaf length (cm) 

 
Leaf length from tip of the leaf to petiole base was measured with scale 

from five tagged plants per replication per treatment at 15, 30 and 45 days after 

sowing and their mean was worked out. 

3.5.1.3 Leaf width (cm) 

 
Leaf width was measured with scale from five tagged plants per 

replication per treatment at 15, 30 and 45 days after sowing and their mean was 

worked out. 

3.5.1.4 Length of leaf petiole (cm) 

 

Length of leaf petiole was measured with scale from five tagged plants 

per replication per treatment at 15, 30 and 45 days after sowing and their mean 

was worked out. 



3.5.2 Growth parameters 

 
3.5.2.1 Leaf area (cm2) 

 

Leaf area was recorded with leaf area meter model number CI 202 

portable area meter at 15,30 and 45 days after sowing from five plants per 

treatment per replication and their mean was worked out. 

3.5.2.2 Leaf area index 

 

Leaf area index was calculated as suggested by Watson, (1952) 

Leaf area per plant (cm2) 

LAI = -   
 

Area occupied by each plant (cm2) 

 

3.5.2.3 Specific leaf area (cm2 g-1) 

 
Specific leaf area was calculated by formula given below 

Leaf area (cm2) 

SLA=    
 

Leaf weight (g) 

 

3.5.2.4 Specific leaf weight (g cm-1) 

 
Specific leaf weight was calculated by formula given below 

Leaf weight (g) 

SLW=    
 

Leaf area (cm2) 

 
3.5.2.5 Leaf area duration (LAD) (cm2 d-1) 

 
Leaf area duration is the integral of leaf area index over the growth period 

and was worked out as per the formula suggested by Power et al. (1967) 



LAI1 + LAI2 

 
LAD (cm2 d-1) = ----------------- × (t2-t1) 

 

2 

 

Whereas, LAI1 = Leaf area index at time t1 

LAI2 = Leaf area index at time t2 

3.5.3 Yield parameters 

 
3.5.3.1 Number of leaves per plant 

 

The leaves per plant were counted from the labelled plants. The average 

number of leaves per plant was worked out. 

3.5.3.2 Leaf weight (g) 

 
Leaf weight was recorded at each stage of cutting from the five plants and 

their mean was worked out. 

3.5.3.3 Leaf yield per plant (g) 

 
The leaves were separated from each tagged plant and weighed 

individually and their mean was worked out. 

3.5.3.4 Leaf yield (ha-1) 

 
The total yields were computed by adding the weights recorded at all 

cuttings and were expressed as kg plot-1 and q ha-1 by taking standard population 

count in the plot on per plant basis. 

3.5.4 Quality parameters 

 
3.5.4.1 Moisture content (%) 

 

Moisture percentage was estimated by taking 100 g sample of palak 

leaves collected from each treatment by recording fresh weight and oven dry 

weight at 65 ⁰C for 48 hours at 3rd cutting (60 DAS). It was calculated by 



Fresh weight- Dry weight 

Moisture % = × 100 

Fresh weight 

 
3.5.4.2 Shelf life (No. of days) 

 
Shelf life of the spinach beet crop was assessed after harvesting, which 

were kept at ambient temperature. 

3.5.4.3 Carotene content (mg/100g) 

 
Carotene content was estimated by the method of Ranganna (1986) 

 

Procedure 

 
10 g of the spinach beet sample was ground in a mortar and pestle, then 1 

g of the above ground sample was taken for estimation and again ground with 

acetone and filtered through a filter paper into a conical flask. Extraction was 

continued till the residue was colourless. 

Filtrate was transferred into a separating funnel and 10-15ml of petroleum 

ether was added. The pigments were transferred into the petroleum ether by 

diluting the acetone with water. The extraction of the acetone phase was repeated 

with small volumes of petroleum ether. The volume of the petroleum ether 

extract was noted and read the colour intensity at 452 nm. The carotene content 

was expressed in mg 100 g-1. 

3.5.4.4 Vitamin C or Ascorbic Acid content (mg 100 g-1) 

 

Assay method was followed given by Ranganna (1986). 

 

(a) Preparation of 3 percent Meta phosphoric acid (HPO3): 

For preparing the 3 % Meta phosphoric acid (HPO3) solution, dissolve the 

3 gm sticks or pellets of HPO3 in 100 ml distilled water. 

(b) Preparation of standard ascorbic acid solution: 

100 mg of l-Ascorbic acid was weighed and made up to 100 ml with 3 % 

(HPO3). one ml of this solution was diluted to 10 ml by adding 3 % HPO3 

(1ml = 0.1 mg ascorbic acid). 



(c) Preparation of dye solution: 

 
52 mg of sodium salt of 2,6-di chlorophenol indophenol was dissolved in 

150 ml of hot distilled water containing 42 mg sodium bicarbonate after cooling 

and it was diluted with 200 ml distilled water and stored in refrigerator and 

standardized every day. 

(d) Standardization of dye: 

 
In 5 ml of standard ascorbic acid solution 5 ml of HPO3 micro burette was 

filled with dye solution. standard ascorbic acid was filled against dye solution to 

a pink colour, which persisted for 15 seconds. One milligram of ascorbic acid 

was used per ml of dye to determine the dye factor as follows: 

dye factor = 0.5/ Titre value 

 

(e) Preparation of sample: 

 

10 grams of sample was blended with 100 ml of 3 % HPO3 after that it was 

filtered. 

(f) Assay of ascorbic acid: 

 
An aliquot (10 ml) of the sample was taken and titrated against the standard 

dye to a pink colour end point, which persisted for 15 seconds. The ascorbic acid 

content of the sample was calculated using the following formula: 

Titre × dye factor × volume made up × 100 (mg 100 g-1 pulp) 

Ascorbic acid =          -   

Aliquot extract taken for estimation × Weight of sample 

taken for estimation 

3.5.4.5 SPAD units 

 
The SPAD meter (Soil Plant Analytical Development) is a simple handheld 

and portable instrument which provides information on relative amount of leaf 

chlorophyll. Observations were recorded from 5 randomly selected plants with 

SPAD chlorophyll meter and their mean were worked out. 



3.5.4.6 Physiological loss in weight (%) 

 
Five plants of each treatment after weighing were kept in at room 

temperature condition. The weights were recorded at every day up to 3 days of 

storage. The percent weight loss was calculated by using following formula 

P0 or P1 or P2 or P3 

 
PLW % =   × 100 

 

P0 

 

Where, P0 = Initial weight 
 

P1 = Weight after 1st day 

P2 = Weight after 2nd day 

P3 = Weight after 3rd day 

3.6 SOIL ANALYSIS (BEFORE PLANTING AND AFTER HARVEST) 

 
Soil sample were collected randomly from plough layer depth with the help 

of soil sampling tube before sowing and after harvesting of crops from each plot 

and mixed thoroughly, dried to air crushed sieved through 2 mm sieves. The soil 

sampled prepared was subjected to chemical analysis for evaluating soil fertility 

status by following procedures are presented in Table 3.6. 

3.6.1. Available nitrogen (kg ha-1) 

 
Determination of available nitrogen was done by alkaline permanganate 

method suggested by Subbiah and Asija (1956), which is based on extraction of 

inorganic and readily oxidizable nitrogen from inorganic compounds. The 

nitrogen was extracted with 0.32 per cent KMNO4, ammonia distilled by adding 

2.5 per cent NaOH and absorbed in 2 per cent boric acid solution containing 

indicator. The ammonia absorbed was estimated titrimetrically using standard 

hydrochloric acid (0.02 HCL) (Tandon, 1995) 



3.6.2 Available phosphorus (kg ha-1) 

 
Available phosphorous was determined by Olsens mehod (Olsen et al., 

1954) using 0.5N NaHCO3 as an extractant and develop blue colour using 

ascorbic acid (Murphy and Riley, 1962). The intensity of blue colour was 

recorded on ‘Spectronic’- 20 spectrophotometer 108 at 730 nm. 

3.6.3 Available potassium (kg ha-1) 

 

The available amount of potassium was determined by extraction with 

Neutral 1N ammonium acetate. The soil (5 g) was taken in 100 ml conical flask. 

then 25 ml of neutral 1N ammonium acetate was added and shaked for 5 min and 

after that the contents were filtered through filter paper (Whatmann no.1). The 

concentration of K was determined by Systronic -128 type flame photometer. 

3.6.4 Available micronutrients 

 

The available cationic micronutrients (Fe, Mn, Zn and Cu) were extracted 

from soil by using DTPA extractant in 1: 2 ratio, as per the procedure given by 

Lindsay and Norvell (1978), and were determined by using atomic absorption 

spectrophotometer (Model varian spectra AA20) the contents of these 

micronutrients were expressed in mg kg-1 of soil. 

Table 3.6. Reference and method of analysis 

 

S. No. Parameters Reference and method of 

Analysis 

1. Available nitrogen (kg ha-1) Alkaline permangate method 

 
(Subbiah and Asija, 1956) 

2. Available phosphorous (kg ha-1) Olsen’s method (Olsen et al., 

1954) 

3. Available potassium (kg ha-1) Flame photometer method 

 
(Metson, 1956) 



3.7 Economics 

 
Details on cost of cultivation, gross and net returns and benefit cost ratio of 

spinach beet for different treatments were calculated. 

3.7.1 Net returns 

 

Net returns were arrived after deducting the cost of cultivation from the gross 

returns of the marketable produce on hectare basis and expressed in rupees ha-1. 

3.7.2 Benefit cost ratio 

 

This was obtained by dividing gross returns with cost of cultivation ha-1. 

 

3.7.3 Statistical analysis 

 

The data were analyzed statiscally applying the analysis of variance 

procedures for randomized block design (Panse and Sukhatne, 1967) 
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Chapter Ⅳ 
 

RESULTS AND DISCUSSION 

The present studies entitled that “Effect of inorganic nutrients and 

biofertilizers on growth, yield and quality of spinach beet (Beta vulgaris var 

bengalensis) Cv. Pusa Bharati” was carried out during Rabi season of 2020- 

2021. The data of the morphological, growth, yield, quality, soil nutrient analysis 

and economics were statistically analyzed and the results obtained are discussed 

in this chapter in the following paragraphs. 

4.1 Morphological Parameters 

 
4.2 Growth Parameters 

 
4.3 Yield Parameters 

 

4.4 Quality Parameters 

 
4.5 Soil nutrient analysis 

 

4.6 Economics 

 
4.1. Morphological Parameters 

 

4.1.1. Plant height (cm): 

 

The effect of different treatments on plant height recorded at 15, 30 and 45 

days after sowing is presented in Table 4.1 and depicted in Fig.1 

AT 15 DAS 

 

The highest plant height at 15 DAS was recorded in the treatment T9 (T6 + 

Arka vegetable special @ 5 g L-1) (14.94 cm) which was followed by the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (12.98 cm). 

The lowest plant height was recorded in T4 (25 % RDF + Azotobacter + PSB + 

KSB) (Each @ 3.75 kg ha-1) (7.45 cm). 



AT 30 DAS 

 

Highest plant height at 30 DAS was recorded in the treatment T9 (T6 + 

Arka vegetable special @ 5 g L-1) (26.84 cm) which was followed by the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (25.57 cm). 

Lowest plant height was recorded in T4 (25 % RDF + Azotobacter + PSB + 

KSB) (Each @ 3.75 kg ha-1) (16.35 cm). 

AT 45 DAS 

 
The results showed that highest plant height at 45 DAS was recorded in the 

treatment T9 (T6 + Arka vegetable special @ 5 g L -1) (35.80 cm) followed by the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (34.10 cm). 

While, T6 statistically at par with treatment T8 (T5 + Arka vegetable special @ 5 

g L-1) (33.02 cm). Lowest plant height was recorded in T4 (25 % RDF + 

Azotobacter + PSB + KSB) (Each @ 3.75 kg ha-1) (23.88 cm). 

The increase in plant height might be due to the presence of readily 

available nitrogen through inorganic nutrients and biofertilizers. This could be 

attributed to feasibility of nitrogen fixing and phosphorous as a result of 

microbial inoculation, have led to better root and shoot development. The 

positive influence of foliar application of Arka vegetable special on crop growth 

may be due to the improved ability of the crop to absorb nutrients, 

photosynthesis and better sink source relationship as this play vital role in 

various biochemical processes. Similar results were reported by Mounika et al. 

(2017) in coriander. 

4.1.2. Leaf length (cm): 

 
The data pertaining to leaf length at 15, 30 and 45 days after sowing as 

effected by the inorganic nutrients and biofertilizers is presented in the Table 4.2 

and illustrated in Fig.2 

AT 15 DAS 

 
There was significant difference observed among the treatments for leaf 

length at 15 DAS. The highest leaf length (10.94 cm) was found significantly 



Table 4.1. Effect of inorganic nutrients and biofertilizers on plant height 

(cm) in spinach beet Cv. Pusa Bharati 

 

Treatments Plant height (cm) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 9.21 20.01 28.70 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @ 1.25 kg/ha) 

9.74 21.93 30.56 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 

9.54 21.14 30.12 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 

7.45 16.35 23.88 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 

10.29 23.21 31.91 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 

12.98 25.57 34.10 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 

8.12 17.77 24.85 

T8 – T5 + Arka vegetable special @ 5 g/litre 11.54 24.28 33.02 

T9 – T6 + Arka vegetable special @ 5 g/litre 14.94 26.84 35.80 

T10 – T7 + Arka vegetable special @ 5 g/litre 8.67 18.91 26.52 

S.E (m) ± 0.352 0.364 0.499 

CD at 5 % 1.04 1.08 1.48 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Effect of inorganic nutrients and biofertilizers on plant height (cm) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 

Plant height (cm) 

40 
35.8 

35 

30 

34.1 33.02 

28.7 
30.56 30.12 

31.91 

26.84 

25 

20 

15 

10 

5 

0 

23.88 
25.57 24.85 24.28 

26.52 

20.01 
21.93 21.14 

23.21 

18.91 
16.35 

17.77 

12.98 
14.94 

11.54 
9.21 9.74 9.54 10.29 

7.45 8.12 8.67 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Treatments 

15 DAS 30 DAS 45 DAS 

P
la

n
t 

h
ei

g
h

t 
(c

m
) 



T9 – T6 + Arka Vegetable Special @ 5 g/litre T4 - 25% RDF + Azotobacter + PSB + KSB (Each 

3.75 kg/ha) 

Plate 4. Comparision of plant height in best and least treatments 

 

 

 

 

 

  
 

 



maximum at treatment T9 (T6 + Arka vegetable special @ 5 g L-1) followed by 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (8.78 cm). 

The minimum leaf length (4.06 cm) was observed in T4 (25 % RDF + 

Azotobacter + PSB + KSB) (Each @ 3.75 kg ha-1). 

AT 30 DAS 

The maximum leaf length was recorded under treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1) (18.38 cm) followed by treatment T6 (50 % RDF + 

AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (17.14 cm). The minimum leaf length 

(10.59 cm) was observed in T4 (25 % RDF + Azotobacter + PSB + KSB) (Each 

@ 3.75 kg ha-1) which was statistically at par with treatment T7 (25 % RDF + 

AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (11.15 cm). 

AT 45 DAS 

 

Significantly maximum leaf length was recorded under treatment T9 (T6 + 

Arka vegetable special @ 5 g L-1) (23.32 cm) followed by treatment T6 (50 % 

RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (21.59 cm). The minimum leaf 

length (12.01 cm) was observed in T4 (25 % RDF + Azotobacter + PSB + KSB) 

(Each @ 3.75 kg ha-1) which was statistically at par with treatment T7 (25 % 

RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (13.15 cm). 

Highest leaf length may be due to impact of combined application of 

inorganic nutrients and biofertilizers on growth cell division, cell elongation, cell 

enlargement and formation of more tissues and vigor of plant. Khadse et al. 

(2021) reported that influence of inorganic fertilizers in combination with 

biofertilizers might be due to optimum supply of nutrients particularly nitrogen. 

4.1.3. Leaf width (cm): 

 

Leaf width was effected by the inorganic nutrients and biofertilizers is 

presented in the Table 4.3 and Fig.3. 

AT 15 DAS 

 

Significantly maximum value (4.16 cm) recorded under the treatment T9 

(T6 + Arka vegetable special @ 5 g L-1) which was followed by treatment T6 (50 



Table 4.2. Effect of inorganic nutrients and biofertilizers on leaf length (cm) 

in spinach beet Cv. Pusa Bharati 

 

Treatments Leaf length (cm) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 5.21 13.09 15.88 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @ 1.25 kg/ha) 
6.46 14.76 17.32 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
6.03 14.02 17.01 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
4.06 10.59 12.01 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
7.10 15.06 18.26 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
8.78 17.14 21.59 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
4.26 11.15 13.15 

T8 – T5 + Arka vegetable special @ 5 g/litre 7.50 15.91 19.76 

T9 – T6 + Arka vegetable special @ 5 g/litre 10.94 18.38 23.32 

T10 – T7 + Arka vegetable special @ 5 g/litre 4.62 12.00 14.94 

S.E (m) ± 0.37 0.36 0.45 

CD at 5 % 1.12 1.08 1.36 



 

 

 
 

Fig.2 Effect of inorganic nutrients and biofertilizers on leaf length (cm) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 
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T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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% RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (3.95 cm). However, the 

minimum value (2.41 cm) was observed in treatment T4 (25 % RDF + 

Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1). 

AT 30 DAS 

 

Highest leaf width was recorded at 30 DAS in treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1) (12.45 cm) followed by treatment T6 (50 % RDF + 

AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (12.01 cm). However, the lowest value 

was observed in treatment T4 (25 % RDF + Biofertilizers [Azotobacter + PSB + 

KSB] (Each @3.75 kg ha-1) (9.02 cm). 

AT 45 DAS 

 

The maximum leaf width was obtained in treatment T9 (T6 + Arka vegetable 

special @ 5 g L-1) (13.52 cm) followed by treatment T6 (50 % RDF + AMC @ 5 

kg ha-1 + KSB @ 2.5 kg ha-1) (12.67 cm) was statistically at par with the 

treatment T8 (T5 + Arka vegetable special @ 5 g L-1) (12.15 cm) However, the 

lowest value was observed in treatment T4 (25 % RDF + Biofertilizers 

[Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) (9.49 cm). 

The increase in morphological parameters may be attributed to the 

meristematic activity for producing more tissues and organs, since nitrogen plays 

a major role in cell division, cell elongation, cell enlargement (Morschmer, 1986) 

This may increase the proportion of the protoplasm to cell size (Russel, 1973). 

This will led to high yield because the vegetative growth in spinach was 

considered as a parameter for yield. 

4.1.4. Length of leaf petiole (cm): 

 

The data on length of leaf petiole as influenced by various treatments are 

presented in Table 4.4 and depicted in Fig.4 

AT 15 DAS 

 
The maximum length of leaf petiole was recorded in treatment T9 (T6 + 

Arka vegetable special @ 5 g L-1) (7.79 cm) followed by treatment T6 (50 % 

RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (6.84 cm) and was statistically at 



Table 4.3. Effect of inorganic nutrients and biofertilizers on leaf width (cm) 

in spinach beet Cv. Pusa Bharati 

 

Treatments Leaf width (cm) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 Kg/ha 2.98 10.55 10.87 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @ 1.25 kg/ha) 
3.19 10.99 11.63 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
3.06 10.70 11.27 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
2.41 9.02 9.49 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
3.30 11.36 12.00 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
3.95 12.01 12.67 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
2.63 9.98 10.15 

T8 – T5 + Arka vegetable special @ 5 g/litre 3.65 11.74 12.15 

T9 – T6 + Arka vegetable special @ 5 g/litre 4.16 12.45 13.52 

T10 – T7 + Arka vegetable special @ 5 g/litre 2.83 10.15 10.51 

S.E (m) ± 0.06 0.11 0.20 

CD at 5 % 0.20 0.33 0.61 



 
 

  Fig.3 Effect of inorganic nutrients and biofertilizers on leaf width (cm) in spinach beet Cv. Pusa Bharati. 
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par with T8 (T5 + Arka vegetable special @ 5 g L-1) (6.11 cm) and treatment T5 

(75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg ha-1) (5.77 cm) whereas 

treatment T4 (25 % RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 

3.75 kg ha-1) recorded significantly lower value (3.09 cm). 

 
AT 30 DAS 

 

Among all the treatments, T9 (T6 + Arka vegetable special @ 5 g L-1) 

recorded significantly the highest length of leaf petiole (10.00 cm) followed by 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (9.11 cm) 

and it was statistically at par with T8 (T5 + Arka vegetable special @ 5 g L-1) 

(8.60 cm) whereas T4 (25 % RDF + Biofertilizers [Azotobacter + PSB + KSB] 

(Each @ 3.75 kg ha-1) recorded lowest value (6.00 cm) statistically at par with 

treatment T10 (T7 + Arka vegetable special @ 5 g L-1) (6.17 cm) and T7 ( 25 % 

RDF + AMC @ 7.5 kg ha-1 + KSB) @ 3.75 kg ha-1) (6.05 cm) 

AT 45 DAS 

 

Significant differences in length of leaf petiole were observed due to 

integrated source of nutrients at 45 DAS. Among all the treatments, T9 (T6 + 

Arka vegetable special @ 5 g L-1) (14.94 cm) recorded significantly maximum 

length of leaf petiole followed by treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + 

KSB @ 2.5 kg ha-1) (14.30 cm) while it was significantly minimum in T4 (25 % 

RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) (8.16 

cm) 

Increasing in petiole length might be due to the presence of plant growth 

promoting substance present in Arka microbial consortium and nitrogen through 

inorganic nutrients and biofertilizers, where in inorganic source could have 

exerted positive influence on extended nutrient availability to match the 

physiological needs of the crop which triggered to produce elevated stature of the 

growth components. 



Table 4.4. Effect of inorganic nutrients and biofertilizers on length of leaf 

petiole (cm) in spinach beet Cv. Pusa Bharati 

 

Treatments Length of leaf petiole (cm) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 Kg/ha 4.26 6.87 10.01 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @ 1.25 kg/ha) 
5.28 7.68 11.16 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
5.08 7.07 10.59 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
3.09 6.00 8.16 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
5.77 8.37 12.00 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
6.84 9.11 14.30 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
3.59 6.05 8.68 

T8 – T5 + Arka vegetable special @ 5 g/litre 6.11 8.60 13.01 

T9 – T6 + Arka vegetable special @ 5 g/litre 7.79 10.00 14.94 

T10 – T7 + Arka vegetable special @ 5 g/litre 4.00 6.17 9.52 

S.E (m) ± 0.36 0.24 0.14 

CD at 5 % 1.08 0.72 0.42 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Effect of inorganic nutrients and biofertilizers on length of leaf petiole (cm) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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4.2 Growth parameters 

 
4.2.1. Leaf area (cm2) 

 

The data pertaining to leaf area were recorded at 15, 30 and 45 DAS 

which are presented in Table 4.5 and illustrated in Fig.5 

AT 15 DAS 

 
The highest leaf area (120.83 cm2) was found significantly maximum at 15 

DAS in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) followed by 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (117.53 

cm2). The minimum leaf area (88.32 cm2) was observed in treatment T4 (25 % 

RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1). 

AT 30 DAS 

 

There was significant difference observed among the integrated source of 

nutrients with respect to leaf area at 30 DAS. Among all the treatments, T9 (T6 + 

Arka vegetable special @ 5 g L-1) recorded maximum leaf area (353.56 cm2) 

followed by treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) 

(347.24 cm2), whereas minimum leaf area was registered in treatment T4 (25 % 

RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) (302.84 

cm2). 

AT 45 DAS 

 
All treatments had significant influence on leaf area at 45 DAS. Among the 

different nutrient source, T9 treatment (T6 + Arka vegetable special @ 5 g L-1) 

recorded maximum leaf area (401.88 cm2) followed by treatment T6 (50 % RDF 

+ AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (396.44 cm2) while, it was 

significantly minimum in treatment T4 (25 % RDF + Biofertilizers [Azotobacter 

+ PSB + KSB] (Each @ 3.75 kg ha-1) (354.11 cm2). 

 

The increase in leaf area might be due to application of integrated nutrient 

combination which enhances availability of nutrients in soil, reflected in increase 

of leaf area. These results are in accordance with Sunanda et al. (2014) in 

Kasurimethi. 



Table 4.5. Effect of inorganic nutrients and biofertilizers on leaf area (cm2) 

in spinach beet Cv. Pusa Bharati 

 

Treatments Leaf area (cm2) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 95.88 317.59 369.66 

T2 – 75 % RDF + Azotobacter + PSB +KSB 

(Each @ 1.25 kg/ha) 
101.33 324.14 376.33 

T3- 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 

99.44 320.84 374.88 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 

88.32 302.84 354.11 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 

110.37 338.66 389.18 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB 

@ 2.5 kg/ha 

117.53 347.24 396.44 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 

90.95 306.37 359.34 

T8 – T5 + Arka vegetable special @ 5 g/litre 114.53 344.88 393.18 

T9 – T6 + Arka vegetable special @ 5 g/litre 120.83 353.56 401.88 

T10 – T7 + Arka vegetable special @ 5 g/litre 92.59 308.37 360.77 

S.E (m) ± 0.72 0.82 1.09 

CD at 5 % 2.16 2.45 3.23 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Effect of inorganic nutrients and biofertilizers on leaf area (cm2) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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4.2.2 Leaf area index 

 
Leaf area index of various treatments of spinach beet is given in Table 

4.6 at 15, 30 and 45 days after sowing. Its graphical presentation has been shown 

in Fig. 6 

AT 15 DAS 

 
Highest Leaf area index at 15 DAS was recorded in the treatment T9 (T6 

+ Arka vegetable special @ 5 g L-1) (0.402) which was followed by the treatment 

T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (0.391) whereas T4 (25 

% RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) 

recorded lowest value (0.294) and it was statistically at par with treatment T7 

(25% RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (0.303) 

AT 30 DAS 

 

The maximum leaf area index was obtained in treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1) (1.178) followed by treatment T6 (50 % RDF + 

AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (1.157) and it was statistically at par 

with the treatment T8 (T5 + Arka vegetable special @ 5 g L-1) (1.149) However, 

the lowest value was observed in treatment T4 (25 % RDF + Biofertilizers 

[Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) (1.007). 

AT 45 DAS 

 

Among the different nutrient source, T9 treatment (T6 + Arka vegetable 

special @ 5 g L-1) (1.339) recorded maximum leaf area index which was 

followed by the treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg 

ha-1) (1.321) whereas minimum leaf area index (1.180) was registered in T4 (25 

% RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1). 



Table 4.6. Effect of inorganic nutrients and biofertilizers on leaf area index 

in spinach beet Cv. Pusa Bharati 

 

Treatments Leaf area index 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 0.319 1.058 1.232 

T2 – 75 % RDF + Azotobacter + PSB +KSB 

(Each @ 1.25 kg/ha) 
0.337 1.080 1.254 

T3- 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
0.331 1.069 1.249 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
0.294 1.007 1.180 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
0.367 1.128 1.297 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB 

@ 2.5 kg/ha 
0.391 1.157 1.321 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
0.303 1.021 1.197 

T8 – T5 + Arka vegetable special @ 5 g/litre 0.381 1.149 1.310 

T9 – T6 + Arka vegetable special @ 5 g/litre 0.402 1.178 1.339 

T10– T7 + Arka vegetable special @ 5 g/litre 0.308 1.027 1.202 

S.E (m) ± 0.003 0.006 0.005 

CD at 5 % 0.009 0.01 0.01 



 
 

Fig.6 Effect of inorganic nutrients and biofertilizers on leaf area index in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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The increase in leaf area index was due to increase number of leaves per plant 

and leaf area the results are in agreement with findings of Ramachandra and 

Thimmaraju (1983) in amaranthus. 

4.2.3 Specific leaf area (cm2 g-1) 

 

Specific leaf area was effected by the inorganic nutrients and 

biofertilizers is presented in the Table 4.7 and Fig.7. 

AT 15 DAS 

 

From the data (Table 4.7) can be concluded that, the highest specific leaf 

area was recorded (15.07 cm2 g-1) in treatment T4 (25 % RDF + Biofertilizers 

[Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) significantly followed by 

treatment T7 (25 % RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (14.41 

cm2 g-1). However, lowest specific leaf area (8.91 cm2 g-1) was obtained in 

treatment T9 (T6 + Arka vegetable special @ 5 g L-1) significantly followed by 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (9.68 cm2 g- 

1). 

 
AT 30 DAS 

 

Highest specific leaf area (25.57 cm2 g-1) was recorded in treatment T4 (25 

% RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @3.75 kg ha-1) 

significantly followed by treatment T7 (25 % RDF + AMC @ 7.5 kg ha-1 + KSB 

@ 3.75 kg ha-1) (23.35 cm2 g-1). However, lowest specific leaf area (12.57 cm2 g- 

1) was obtained in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) and it 

was significantly followed by treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + 

KSB @ 2.5 kg ha-1) (14.31 cm2 g-1). 

AT 45 DAS 

 

Highest specific leaf area was recorded (14.64 cm2 g-1) in treatment T4 (25 

% RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) 

significantly followed by treatment T7 (25 % RDF + AMC @ 7.5 kg ha-1 + KSB 

@ 3.75 kg ha-1) (13.19 cm2 g-1). However, lowest specific leaf area (6.96 cm2 g-1) 

was obtained in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) which was 



Table 4.7. Effect of inorganic nutrients and biofertilizers on specific leaf 

area (cm2 g-1) in spinach beet Cv. Pusa Bharati 

 

Treatments Specific leaf area (cm2 g-1) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 13.46 22.30 12.62 

T2 – 75 % RDF + Azotobacter + PSB +KSB 

(Each @ 1.25 kg/ha) 
11.97 19.04 10.74 

T3- 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
12.55 20.25 11.57 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
15.07 25.57 14.64 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
10.83 16.61 9.50 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB 

@ 2.5 kg/ha 
9.68 14.31 8.03 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
14.41 23.35 13.19 

T8 – T5 + Arka vegetable special @ 5 g/litre 10.32 15.54 8.82 

T9 – T6 + Arka vegetable special @ 5 g/litre 8.91 12.57 6.96 

T10– T7 + Arka vegetable special @ 5 g/litre 13.57 21.06 11.87 

S.E (m) ± 0.18 0.34 0.17 

CD at 5 % 0.53 1.03 0.51 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Effect of inorganic nutrients and biofertilizers on specific leaf area (cm2 g-1) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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significantly followed by treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 

2.5 kg ha-1) (8.03 cm2 g-1) and statistically at par with treatment T8 (T5 + Arka 

vegetable special @ 5 g L-1) (8.82 cm2 g-1). 

Specific leaf area is the ratio of assimilating area to its dry weight. Highest 

leaf area was observed in T4 treatment which might have led to more assimilation 

of photosynthates and contributed to highest specific leaf area. SLA is maximum 

in open area crops because of high photosynthetic surface area (Radford, 1967). 

4.2.4 Specific leaf weight (g cm-2) 

 

The data pertaining to specific leaf weight was found to be non-significant 

at 15, 30 and 45 DAS presented in Table 4.8 and depicted in Fig.8 

15 DAS 

 

Highest specific leaf weight was obtained in treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1) (0.112 g cm-2) followed by treatment T6 (50 % RDF 

+ AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (0.103 g cm-2). Lowest specific leaf 

weight was obtained in treatment T4 (25 % RDF + Biofertilizers [Azotobacter + 

PSB + KSB] (Each @ 3.75 kg ha-1) (0.053 g cm-2). 

30 DAS 

 

Highest specific leaf weight was obtained in treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1) (0.079 g cm-2) followed by treatment T6 (50 % RDF 

+ AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (0.069 g cm-2). Lowest specific leaf 

weight was obtained in treatment T4 (25 % RDF + Biofertilizers [Azotobacter + 

PSB + KSB] (Each @ 3.75 kg ha-1) (0.039 g cm-2). 

45 DAS 

 

Highest specific leaf weight was obtained in treatment T9 (T6 + Arka 

vegetable special @ 5 g L-1) (0.143 g cm-2) followed by treatment T6 (50 % RDF 

+ AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (0.124 g cm-2). Lowest specific leaf 

weight was obtained in treatment T4 (25 % RDF + Biofertilizers [Azotobacter + 

PSB + KSB] (Each @ 3.75 kg ha-1) (0.068 g cm-2). 



Table 4.8. Effect of inorganic nutrients and biofertilizers on specific leaf 

weight (g cm-2) in spinach beet Cv. Pusa Bharati 

 

Treatments Specific leaf weight (g cm-2) 

 15 DAS 30 DAS 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 0.074 0.047 0.079 

T2 – 75 % RDF + Azotobacter + PSB +KSB 

(Each @ 1.25 kg/ha) 
0.083 0.052 0.093 

T3- 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
0.079 0.049 0.086 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
0.053 0.039 0.068 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
0.092 0.060 0.105 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB 

@ 2.5 kg/ha 
0.103 0.069 0.124 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
0.069 0.042 0.075 

T8 – T5 + Arka vegetable special @ 5 g/litre 0.096 0.064 0.113 

T9 – T6 + Arka vegetable special @ 5 g/litre 0.112 0.079 0.143 

T10 – T7 + Arka vegetable special @ 5 g/litre 0.073 0.044 0.084 

S.E (m) ± 0.002 0.001 0.003 

CD at 5 % 0.007 0.004 0.009 



 

 

  Fig.8 Effect of inorganic nutrients and biofertilizers on specific leaf weight (g cm-2) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha    

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha  T10 - T7 + Arka vegetable special @ 5 g/litre 
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Specific leaf weight is the reverse condition of the Specific leaf area which 

indicates leaf thickness. Therefore, highest SLW might be due to presence of 

high leaf thickness that leads to increase in dry leaf weight. 

4.2.5 Leaf area Duration (cm2 d-1) 

 

The data on leaf area duration as influenced by various treatments are 

presented in Table 4.9 and illustrated in Fig.9 

Between 15 to 30 days 

 
Leaf area duration was highest in T9 treatment (T6 + Arka vegetable special 

@ 5 g L-1) (11.79 cm2 d-1) followed by treatment T6 (50 % RDF + AMC @ 5 kg 

ha-1 + KSB @ 2.5 kg ha-1) (11.55 cm2 d-1) and it was at par with treatment T8 (T5 

+ Arka vegetable special @ 5 g L-1) (11.40 cm2 d-1) whereas, lowest values were 

recorded in treatment T4 (25 % RDF + Biofertilizers [Azotobacter + PSB + KSB] 

(Each @ 3.75 kg ha-1) (9.70 cm2 d-1). 

Between 30 to 45 days 

 
Leaf area duration was highest in T9 treatment (T6 + Arka vegetable special 

@ 5 g L-1) (18.75 cm2 d-1) followed by treatment T6 (50 % RDF + AMC @ 5 kg 

ha-1 + KSB @ 2.5 kg ha-1) (18.52 cm2 d-1) whereas, lowest values were recorded 

in treatment T4 (25 % RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 

3.75 kg ha-1) (16.35 cm2 d-1) 

Higher leaf area duration may be due to the higher leaf area index. The 

results are confirmation with findings of Ramachandra and Thimmaraju (1983) 

in amaranthus. 

4.3 Yield parameters 

 
4.3.1 Number of leaves per plant 

 

The data enunciated on number of leaves per plant as affected by the 

inorganic nutrients and biofertilizers at 30, 45 and 60 days after sowing are 

presented in the Table 4.10 and Fig.10 



Table. 4.9. Effect of inorganic nutrients and biofertilizers on leaf area 

duration (cm2 d-1) in spinach beet Cv. Pusa Bharati 
 

Treatments 
Leaf area duration (cm2 d-1) 

 15 to 30 DAS 30 to 45 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 10.26 17.10 

T2 – 75 % RDF + Azotobacter + PSB +KSB 

(Each @ 1.25 kg/ha) 
10.62 17.47 

T3- 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 

 

10.43 

 

17.25 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 

 

9.70 

 

16.35 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
11.15 18.07 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB 

@ 2.5 kg/ha 
11.55 18.52 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
9.92 16.57 

T8 – T5 + Arka vegetable special @ 5 g/litre 11.40 18.37 

T9 – T6 + Arka vegetable special @ 5 g/litre 11.79 18.75 

T10 – T7 + Arka vegetable special @ 5 g/litre 9.96 16.65 

S.E (m) ± 0.06 0.04 

CD at 5 % 0.19 0.14 



 

 

 

 
 

Fig.9 Effect of inorganic nutrients and biofertilizers on leaf area duration (cm2 d-1) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @ 1.25 kg/ha)  T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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AT 30 DAS 

The maximum number of leaves per plant was recorded in T9 treatment 

(T6 + Arka vegetable special @ 5 g L-1) (13.16) which was statistically at par 

with the treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) 

(12.58) while it was minimum in treatment T4 (25 % RDF + Azotobacter + PSB 

+ KSB (Each @ 3.75kg ha-1) (6.11) which was at par with treatments T7 (25 % 

RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (6.36), T10 (T7 + Arka 

vegetable special @ 5 g L-1) (6.94) and T1 (100 % RDF @ 100:25:50 kg ha-1) 

(7.01). 

AT 45 DAS 

Significantly highest number of leaves per plant was recorded in T9 

treatment (T6 + Arka vegetable special @ 5 g L-1) (16.56) followed by the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (15.05). 

Lowest number of leaves were obtained in T4 (25 % RDF + Azotobacter + PSB + 

KSB (Each @ 3.75kg ha-1) (6.44) and statistically at par with the treatment T7 

(25 % RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (7.54) 

AT 60 DAS 

Significantly maximum number of leaves per plant was recorded in T9 

treatment ( T6 + Arka vegetable special @ 5 g L-1) (19.91) followed by the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1)(18.17) 

statistically at par with T8 ( T5 + Arka vegetable special @ 5 g L-1) (17.02) while, 

minimum number of leaves (9.32) was recorded in treatment T4 (25 % RDF + 

Azotobacter + PSB + KSB (Each @ 3.75kg ha-1) and it was statistically at par 

with treatment T7 (25 % RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) 

(10.06) 

The production of maximum number of leaves might be due to higher 

metabolic activity because of optimum N supply resulting in higher production of 

carbohydrates and phytohormones. These results are in line with Sentiyangla et 

al. (2010) who reported significant increase in number of leaves in radish. 

3.2 Leaf weight (g) 

The data pertaining to leaf weight of spinach beet as effected by the 

inorganic and biofertilizers are presented in the Table 4.11 and Fig. 11 



Table 4.10. Effect of inorganic nutrients and biofertilizers on number of 

leaves per plant in spinach beet Cv. Pusa Bharati 

 

Treatments Number of leaves per plant 

 30 DAS 45 DAS 60 DAS 

T1 – 100 % RDF @ 100:25:50 Kg/ha 7.01 9.06 12.42 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @1.25 Kg/ha) 
9.11 11.02 14.92 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 Kg/ha) 
8.06 10.39 14.02 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75Kg/ha) 
6.11 6.44 9.32 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
10.59 12.64 16.00 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
12.58 15.05 18.17 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
6.36 7.54 10.06 

T8 – T5 + Arka vegetable special @ 5 g/litre 11.02 13.82 17.02 

T9 – T6 + Arka vegetable special @ 5 g/litre 13.16 16.56 19.91 

T10 – T7 + Arka vegetable special @ 5 g/litre 6.94 8.23 11.14 

S.E (m) ± 0.36 0.39 0.42 

CD at 5 % 1.08 1.18 1.25 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10 Effect of inorganic nutrients and biofertilizers on number of leaves per plant in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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AT 30 DAS 

Among all the treatments, T9 treatment (T6 + Arka vegetable special @ 5 g 

L-1) (19.38 g) recorded maximum leaf weight and was statistically at par with the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (18.97 g) 

while, T6 was at par with T8 (T5 + Arka vegetable special @ 5 g L-1) (18.77 g) 

whereas minimum leaf weight (14.69 g) was observed in T4 (25 % RDF + 

Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1). 

AT 45 DAS 

 

Highest leaf weight (38.76 g) was recorded under treatment T9 treatment (T6 + 

Arka vegetable special @ 5 g L-1) followed by the treatment T6 (50 % RDF + 

AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (37.94 g) and it was at par with T8 (T5 + 

Arka vegetable special @ 5 g L-1) (37.55 g). Lowest leaf weight (29.38 g) was 

observed in T4 (25% RDF + Biofertilizers [Azotobacter + PSB + KSB] (Each @ 

3.75 kg ha-1). 

 
AT 60 DAS 

 

The maximum leaf weight (36.44 g) was recorded in T9 treatment (T6 + Arka 

vegetable special @ 5 g L-1) followed by treatment T6 (50 % RDF + AMC @ 5 

kg ha-1 + KSB @ 2.5 kg ha-1) (35.24 g) whereas minimum leaf weight (25.32 g) 

was recorded in T4 (25 % RDF + Biofertilizers [Azotobacter + PSB + KSB] 

(Each @ 3.75 kg ha-1) statistically at par with treatment T7 (25 % RDF + AMC 

@ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) (26.13 g). 

Maximum leaf weight by T9 at 30, 45 and 60 DAS might be due to 

availability of nutrients from inorganic N and biofertilizers in adequate quantities 

which are essential for growth and development. Nitrogen being a constituent of 

protoplasm and its favourable effect on chlorophyll content of leaves might have 

resulted in increased synthesis of carbohydrates (Tisdale et al., 1993) 

4.3.3 Leaf yield plant-1 (g) 

 

The data pertaining to the leaf yield per plant at 30, 45 and 60 days after 

sowing were recorded and presented in Table 4.12 and Fig.12 



Table 4.11. Effect of inorganic nutrients and biofertilizers on leaf weight (g) 

in spinach beet Cv. Pusa Bharati 

Treatments Leaf weight (g) 

 30 DAS 45 DAS 60 DAS 

T1 – 100 % RDF @ 100:25:50 Kg/ha 16.59 33.15 28.40 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @1.25 Kg/ha) 
17.61 35.23 31.09 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 Kg/ha) 
17.43 34.86 29.59 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75Kg/ha) 
14.69 29.38 25.32 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

@ 1.25 kg/ha 
18.30 36.61 32.14 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
18.97 37.94 35.24 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
15.74 31.48 26.13 

T8 – T5 + Arka vegetable special @ 5 g/litre 18.77 37.55 33.69 

T9 – T6 + Arka vegetable special @ 5 g/litre 19.38 38.76 36.44 

T10– T7 + Arka vegetable Special @ 5 g/litre 16.29 32.59 27.26 

S.E (m) ± 0.17 0.18 0.38 

CD at 5 % 0.51 0.54 1.13 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 Effect of inorganic nutrients and biofertilizers on leaf weight (g) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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AT 30 DAS 

 
Significantly maximum leaf yield plant-1 (41.53 g) was recorded in T9 

treatment (T6 + Arka vegetable special @ 5 g L-1) followed by the treatment T6 

(50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (38.90 g) whereas, the 

minimum value (28.00 g) was recorded in treatment T4 (25 % RDF + 

Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1) statistically at 

par with treatment T7 (25 % RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) 

(29.06 g). 

AT 45 DAS 

 

Significantly maximum leaf yield plant-1 was recorded in treatment T9 (T6 + 

Arka vegetable special @ 5 g L-1) (47.65 g) followed by the treatment T6 (50 % 

RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (44.21 g) and it was statistically 

at par with T8 (T5 + Arka vegetable special @ 5 g L-1) (43.65 g). However 

minimum value was recorded in treatment T4 (25 % RDF + Biofertilizers 

[Azotobacter + PSB + KSB] (Each @3.75 kg ha-1) (35.00 g) statistically at par 

with the treatment T7 (25 % RDF + AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1) 

(36.02 g). 

AT 60 DAS 

 

Among all the treatments T9 treatment (T6 + Arka vegetable special @ 5 g 

L-1) (98.11 g) significantly recorded highest value which was at par with the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (97.01 g) 

While, the lowest value (82.32 g) was registered in T4 (25 % RDF + Biofertilizers 

[Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1). 

Highest yield in T9 treatment might be due to increased vegetative growth, 

balanced C/N ratio and role of co-enzymes directly or indirectly in regulating 

various physiological processes within plant, which could have ultimately led to 

greater yield. All these properties in inorganic nutrients, biofertilizers and 

micronutrient spray might have led to better root proliferation, better 

translocation of plant nutrients and accelerated carbohydrate synthesis, finally 

leading to better leaf yield. Similar results were reported by Stancheva and 

Mithova (2002) and Tosic et al. (2016). 



Table 4.12. Effect of inorganic nutrients and biofertilizers on leaf yield 

Plant-1 (g) in spinach beet Cv. Pusa Bharati 

Treatments Leaf yield plant-1 (g) 

 30 DAS 45 DAS 60 DAS 

T1 – 100 % RDF @ 100:25:50 kg/ha 31.19 38.36 88.23 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @1.25 kg/ha) 
33.76 41.11 91.62 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
32.26 40.02 89.59 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
28.00 35.00 82.32 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 

1.25 kg/ha 
35.50 42.51 93.15 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
38.90 44.21 97.01 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 

3.75 kg/ha 
29.06 36.02 84.83 

T8 – T5 + Arka vegetable special @ 5 g/litre 36.84 43.65 94.30 

T9 – T6 + Arka vegetable special @ 5 g/litre 41.53 47.65 98.11 

T10 – T7 + Arka vegetable special @ 5 g/litre 30.14 37.12 86.13 

S.E (m) ± 0.52 0.36 0.37 

CD at 5 % 1.56 1.08 1.12 



 
 

Fig.12 Effect of inorganic nutrients and biofertilizers on leaf yield plant-1 (g) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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4.3.4 Leaf yield ha-1 (q) 

Effect of inorganic nutrients and biofertilizers on Leaf yield q ha-1 is 

presented in the Table 4.13 and depicted in Fig.13 

All the treatments differed significantly with respect to leaf yield per 

hectare. It was observed that, significantly highest yield was recorded in T9 

treatment (T6 + Arka vegetable special @ 5 g L-1) (412.75 q ha-1) followed by the 

treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (388.25 q ha- 

1) While, the lowest yield (235.88 q ha-1) was registered in T4 (25 % RDF + 

Biofertilizers [Azotobacter + PSB + KSB] (Each @ 3.75 kg ha-1). 

The increment of yield might be due to application of inorganic nutrients 

and biofertilizers i.e., Azotobacter, PSB, KSB and AMC which have enhanced 

the availability of N and P in soil as major plant nutrients. The yield 

improvement may be attributed to higher yield attributing components such as 

increased vegetative and yield parameters which were positively affected by the 

foliar application of micronutrients as reported by Diana and Nehru (2014). 

4.4 Quality parameters 

4.4.1 Moisture content (%) 

Data in respect of moisture content of leaves is presented in Table 4.14 and 

illustrated in Fig.14 

Highest moisture content was recorded in T1 treatment (100 % RDF @ 

100:25:50 kg ha-1) (92.54 %). Lowest moisture (84.46 %) was recorded in 

treatment T9 (T6 + Arka vegetable special @ 5 g L-1). 

However, vegetables with high moisture deteriorate faster. Pertaining to 

data presented in Table 4.14 indicated that the treatment receiving 50 % RDF 

through inorganic nutrients and 50 % biofertilizers i.e. Arka microbial 

consortium (AMC) and Potassium solubilizing bacteria (KSB) recorded 

significantly less moisture content after harvest and in 100 % RDF it was high. 

Lower moisture might be due to higher dry matter accumulation, as a result of 

increased photosynthetic activity and availability of macro and micro elements. 

These results are in similar lines with the findings of Karadkhelkar (1985) in 

spinach. 



 

 

 

 

Table 4.13. Effect of inorganic nutrients and biofertilizers on leaf yield ha-1 (q) in spinach beet Cv. Pusa Bharati 
 

Treatments 
1st cut 

(kg/plot) 

2nd cut 

(kg/plot) 

3rd cut 

(kg/plot) 

Total yield 

(kg/plot) 

Total yield 

(q/ha) 

T1 – 100 % RDF @ 100:25:50 kg/ha 4.14 3.94 3.74 11.84 296.19 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @ 1.25 kg/ha) 4.57 4.43 4.23 13.23 330.75 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) 4.53 4.17 4.03 12.73 318.25 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) 3.28 3.14 3.00 9.43 235.88 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha 5.07 4.53 4.30 13.90 347.50 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 5.43 5.07 5.03 15.53 388.25 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 3.74 3.54 3.34 10.62 265.57 

T8 – T5 + Arka vegetable special @ 5 g/litre 5.23 4.63 4.67 14.53 363.25 

T9 – T6 + Arka vegetable special @ 5 g/litre 5.77 5.47 5.27 16.51 412.75 

T10 – T7 + Arka vegetable special @ 5 g/litre 3.99 3.79 3.59 11.37 284.26 

S.E (m) ± 0.07 0.15 0.15 0.28 1.03 

CD at 5 % 0.20 0.46 0.46 0.89 3.08 



 
 

Fig.13 Effect of inorganic nutrients and biofertilizers on leaf yield ha-1 (q) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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4.4.2 Shelf life (No.of days) 

The data pertaining to shelf life was found significant and is presented in 

Table 4.14 and furnished in Fig.15 

The maximum shelf life of spinach was recorded in treatment T9 (T6 + 

Arka vegetable special @ 5 g L-1) (2.99 days) followed by T8 (T5 + Arka 

vegetable special @ 5 g L-1) (2.74 days). The minimum (1.20 days) was observed 

in the T1 treatment (100 % RDF @ 100:25:50 kg ha-1). 

The increased shelf life due to combined application of inorganic nutrients, 

biofertilizers and Arka vegetable special micronutrient spray could be due to 

better nutrient supply helping to maintain equilibrium in metabolism even after 

harvest. Healthy plant with moderate moisture and less loss of carbohydrates 

from the produce of this treatment might have helped in increasing the shelf life. 

4.4.3 Carotene content (mg 100g-1) 

The carotene content of spinach was observed at all the three cutting stages 

of the crop, and the data is reported as mean in Table 4.15 and illustrated in 

Fig.16 

Significantly maximum carotene content (10.59 mg 100   g-1) was observed 

in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) followed by T8 (T5 + 

Arka vegetable special @ 5 g L-1) (10.19 mg 100 g-1). The minimum carotene 

content (5.66 mg 100 g-1) was observed in T1 (100 % RDF @ 100: 25: 50 kg ha- 

1). 

A mean carotene of 10.59 mg 100 g-1 was obtained and it ranged from 

5.66 to 10.59 mg 100 g-1 among treatments. Application of recommended 

fertilizer dose had significantly enhanced the carotene content (10.59 mg 100 g- 

1). Maurya and Goswami (1985) also reported such highest carotene content with 

balanced NPK application. 

4.4.4 Vitamin-C (mg/100g) 

Significant differences were observed in respect of Vitamin-C content 

among different treatment combinations of inorganic nutrients and biofertilizers 

and data mean values are presented in Table 4.15 and Fig. 17 

The maximum Vitamin-C content in palak leaves (65.70 mg 100g-1) was 

recorded in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) followed by 



Table 4.14. Effect of inorganic nutrients and biofertilizers on Moisture 

content (%) and Shelf life (No. of days) in spinach beet 

Cv. Pusa Bharati 

 

Treatments 
Moisture 

content (%) 

Shelf life 

(No. of days) 

T1 – 100 % RDF @ 100:25:50 Kg/ha 92.54 1.20 

T2 – 75 % RDF + Azotobacter + PSB + KSB 

(Each @ 1.25 Kg/ha) 
88.38 2.51 

T3 – 50 % RDF + Azotobacter + PSB + KSB 

(Each @ 2.5 kg/ha) 
89.67 2.35 

T4 – 25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg/ha) 
91.95 1.41 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB 

1.25 kg/ha 
90.86 2.12 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 

2.5 kg/ha 
91.25 1.86 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB 

@ 3.75 kg/ha 
91.46 1.50 

T8 – T5 + Arka vegetable special @ 5 g/litre 87.39 2.74 

T9 – T6 + Arka vegetable special @ 5 g/litre 84.46 2.99 

T10 – T7 + Arka vegetable special @ 5 g/litre 91.38 1.63 

S.E (m) ± 0.10 0.06 

CD at 5 % 0.31 0.17 



 
 

 Fig.14 Effect of inorganic nutrients and biofertilizers on Moisture (%) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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Fig.15 Effect of inorganic nutrients and biofertilizers on Shelf life (No. of days) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha    

T2 - 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha  

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre  

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 

1.2

2.51
2.35

1.41

2.12

1.86

1.5

2.74

2.99

1.63

0

0.5

1

1.5

2

2.5

3

3.5

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

S
h

el
f 

li
fe

 (
N

o
. 

o
f 

d
a

y
s)

Treatments

Shelf life (No. of days)



treatment T8 (T5 + Arka vegetable special @ 5 g L-1) (64.60 mg 100g-1). The 

lowest Vitamin-C content (43.18 mg 100g-1) was observed in the treatment T1 

(100 % RDF @ 100:25:50 kg ha-1). 

The ascorbic acid (Vitamin-C) content in spinach leaves ranged from 43.18 

to 65.70 mg 100g-1. The highest ascorbic acid content was recorded with the 

treatment 50 % RDF through inorganic fertilizers with integration of 50 % 

biofertilizers could be enhanced the growth promoting substances which 

accelerates the physiological process like synthesis of carbohydrates. The results 

unison with the findings of Kalyani et al. (1996) in cauliflower, Balakrishnan 

(1988) in chillies. 

4.4.5 SPAD units 

The chlorophyll content of spinach was measured with a spadmeter at all 

the three cutting stages of the crop, and the data is reported as mean spadmeter 

readings in Table 4.15 and Fig 18. 

The chlorophyll content was the highest (41.63 SPAD units) when the crop 

received all the three major nutrients in treatment T9 (T6 + Arka vegetable special 

@ 5 g L-1) followed by T8 (T5 + Arka vegetable special @ 5 g L-1) (40.41 SPAD 

units). The lowest value recorded in treatment T1 (100 % RDF @ 100:25:50 kg 

ha-1) (29.25 SPAD units). 

Higher chlorophyll content in treatment T9 might be due to the 

application of 50 % RDF where maximum nitrogen is available and Arka 

microbial consortium contains N fixing, P and Zn solubilizing microbes’ 

involvement in protein synthesis could have resulted more chlorophyll synthesis 

in spinach beet. These results are in agreement with the findings of Paithankar 

and Gore (2018). 

4.4.6 Physiological loss in weight (PLW%) 

The data regarding physiological loss in weight of spinach influenced due 

to different treatments of inorganic and biofertilizers presented in Table 4.16 and 

depicted in Fig. 19 

The data clearly revealed that there was increase in weight loss of spinach as 

per the storage period. The minimum physiological loss in weight was recorded 



 

 

 

 

Table 4.15. Effect of inorganic nutrients and biofertilizers on vitamin-C, carotene content and chlorophyll (SPAD units) in 

spinach beet Cv. Pusa Bharati 

 

Treatments Vitamin-C 

(mg 100 g-1) 

Carotene content 

(mg 100 g-1) 

Chlorophyll 

(SPAD units) 

T1 – 100 % RDF @ 100:25:50 kg/ha 43.18 5.66 29.25 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) 62.56 9.52 39.05 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) 56.80 9.32 37.94 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) 51.63 8.25 34.13 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha 52.15 8.43 35.31 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 54.35 8.97 36.78 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 48.88 7.67 32.97 

T8 – T5 + Arka vegetable special @ 5 g/litre 64.60 10.19 40.41 

T9 – T6 + Arka vegetable special @ 5 g/litre 65.70 10.59 41.63 

T10 – T7 + Arka vegetable special @ 5 g/litre 45.98 6.46 31.36 

S.E (m) ± 0.349 0.117 0.326 

CD at 5% 1.03 0.342 0.968 



 
 

 

Fig.16 Effect of inorganic nutrients and biofertilizers on Vitamin – C (mg 100 g-1) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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Fig.17 Effect of inorganic nutrients and biofertilizers on Carotene content (mg 100 g-1) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 

Carotene content mg 100 g-1
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Fig.18 Effect of inorganic nutrients and biofertilizers on Chlorophyll (SPAD units) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) (47.24 %) followed by T8 

(T5 + Arka vegetable special @ 5 g L-1) (47.32 %). The maximum physiological 

loss in weight (55.31 %) was recorded in treatment T1 (100 % RDF @ 100:25:50 

kg ha-1). 

The application of biofertilizers probably reduced the respiration rate, which 

in turn resulted in higher shelf life and reduction in PLW. The higher moisture 

content in inorganic spinach leads to more percentage of respiration, rotting and 

decaying due to microbial activity and ultimately decrease its shelf life. Higher 

physiological loss in weight (%) recorded in treatment T1 may be due to loss of 

water in the fresh produce can cause reduction in turbidity, loss of nutritional 

quality and undesirable changes in colour. The weight loss is mainly caused by 

water transpiration and respiration. 

5. Soil nutrient analysis 

5.1.1 Macronutrients 

The available N2, P2O5 and K2O were significantly influenced by the 

application of inorganic nutrients and biofertilizers. The results were presented in 

Table 4.17. and Fig.20 

5.1.1 Soil Available nitrogen (kg ha-1) 

After harvest soil available nitrogen status was significantly influenced by 

the application of inorganic nutrients and biofertilizers and their combinations to 

the experiment soils. The highest post harvest soil available nitrogen (202.60 kg 

ha-1) was recorded in T9 treatment (T6 + Arka vegetable special @ 5 gm litre-1) 

followed by T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (192.60 kg 

ha-1) The lowest post harvest soil available nitrogen (85.60 kg ha-1) was recorded 

T4 (25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg ha-1). 

5.1.2. Soil Available phosphorous (kg ha-1) 

Significantly maximum phosphorous (159 kg ha-1) was recorded in 

treatment T9 (T6 + Arka vegetable special @ 5 gm litre-1) under the study. It was 

followed by the treatment T6 (50 % RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg 

ha-1) (114.6 kg ha-1) while, minimum phosphorous content (62.30 kg ha-1) was 

recorded in treatment T4 (25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 

kg ha-1) (Table 4.17) respectively. 



 

 

 

 

Table 4.16. Effect of inorganic nutrients and biofertilizers on Physiological loss in weight (%) in spinach beet Cv. Pusa Bharati 

 

Treatments Physiological loss in weight (%) 
 Day - 1 Day - 2 Day - 3 Mean 

T1 – 100% RDF @ 100:25:50 Kg/ha 26.57 66.45 87.65 55.31 

T2 - 75% RDF + Azotobacter + PSB + KSB (Each @1.25 Kg/ha) 19.97 44.46 74.47 48.48 

T3 - 50% RDF + Azotobacter + PSB + KSB (Each @ 2.5 Kg/ha) 20.01 47.35 75.60 49.17 

T4 - 25% RDF + Azotobacter + PSB + KSB (Each @ 3.75Kg/ha) 26.52 63.24 81.52 55.09 

T5 - 75% RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha 21.11 51.07 76.52 49.51 

T6 - 50% RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 22.30 53.00 77.29 49.75 

T7 - 25% RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 25.88 56.96 80.13 54.45 

T8 – T5 + Arka vegetable special @ 5 g/litre 18.06 42.79 73.04 47.32 

T9 – T6 + Arka vegetable special @ 5 g/litre 17.66 40.19 69.43 47.24 

T10 – T7 + Arka vegetable special @ 5 g/litre 24.25 56.20 79.55 50.20 

S.E (m) ± 0.182 0.182 0.182 - 

C.D at 5% 0.542 0.542 0.542 - 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.19 Effect of inorganic nutrients and biofertilizers on Physiological loss in weight (%) in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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5.1.3. Soil Available potassium (kg ha-1) 

Significantly maximum potassium (316.60 Kg ha-1) was recorded in 

treatment T9 (T6 + Arka Vegetable Special @ 5 gm litre-1) followed by T6 (50% 

RDF + AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1) (273.60 kg ha-1) and minimum 

potassium content in (106.00 kg ha-1) was recorded in treatment T1 (100 % RDF 

@ 100: 25: 50 kg ha-1) results are presented in Table 4.17. 

5.2.1 Micronutrients 

The data on micronutrients (Fe, Mn, Zn and Cu) were analyzed in the post- 

harvest soil samples and is given in Table 4.17 and depicted in Fig.21 

Highest concentrations of Fe, Mn, Zn and Cu were obtained under 

treatment T9 (T6 + Arka vegetable special @ 5 g L-1) (9.27, 9.59, 3.08 and 3.66 

mg kg -1) Lowest concentrations of Fe, Mn, Zn and Cu were obtained under 

T1(100% RDF @ 100: 25: 50 kg ha-1) compared to rest of treatments (8.23, 9.11, 

2.46 and 2.79 mg kg-1) 

The data on post-harvest soil analysis revealed meager changes. The post- 

harvest nutrient levels were more than the intial levels. It appears from the data 

that application of inorganic, biofertilizers and micronutrients might have been 

maximized the percentage of these nutrients (Mathavan, 2000). 

6. Economics 

Higher money value and less cost of cultivation are desirable for getting 

higher returns the economics of different treatment combinations consisting of 

land configuration and fertilizer level worked out by considering the prevailing 

market price of produce and input is furnished. Hence economics of the 

treatments was worked out and the data pertaining to economics of different 

treatments are depicted in Table 4.18 and Fig.22 

The treatment application of T9 (T6 + Arka vegetable special @ 5 g L-1) 

recorded highest benefit cost ratio (6.00) whereas, the minimum benefic cost 

ratio (3.50) recorded in treatment T4 (25 % RDF + Azotobacter + PSB + KSB 

(Each @ 3.75 kg ha-1). 

The benefit cost ratio under each treatment was worked out to judge the 

feasibility of its implementation. The data indicated that maximum profit could 

be realized under treatment combination with 50 % inorganic nutrients with 



integration of 50 % biofertilizers which was the highest among all treatments. 

This might be due to the fact that 50 % inorganic and 50 % organic sources 

enhances the nutrient availability resulting in vigorous plant growth and dry 

matter production which in turn resulted in giving higher yields and economics 

over other treatments. These results are very close to the findings of Chaudhary 

et al. (2011) in fenugreek and reported that maximum net return and B: C ratio 

with integration of 50% RDF through vermicompost + 50% RDF through 

inorganic sources and also for realizing good soil health and sustainable 

production. 



 

 

 

 

Table 4.17. Effect of inorganic nutrients and biofertilizers on soil after harvest of the crop 
 

Treatments Macronutrients (kg ha-1) Micronutrients (mg kg-1) 

 N P K Fe Mn Zn Cu 

T1 – 100 % RDF @ 100:25:50 kg/ha 95.53 79.30 106.00 8.23 9.11 2.46 2.79 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) 105.81 87.00 254.00 8.63 9.31 2.86 3.11 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) 98.60 82.30 246.00 8.83 9.21 2.77 3.01 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) 85.60 62.30 112.00 8.43 9.15 2.57 2.95 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha 154.60 92.00 264.60 8.73 9.18 2.92 3.25 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 192.60 114.60 273.60 8.83 9.22 2.95 3.35 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 88.56 67.00 150.00 8.87 9.35 2.98 3.38 

T8 – T5 + Arka vegetable special @ 5 g/litre 190.00 94.00 270.00 9.11 9.56 3.04 3.40 

T9 – T6 + Arka vegetable special @ 5 g/litre 202.60 159.00 316.60 9.27 9.59 3.08 3.66 

T10 – T7 + Arka vegetable special @ 5 g/litre 90.86 77.36 171.00 9.05 9.46 3.01 3.51 

S.E (m) ± 0.73 0.97 1.33 0.09 0.03 0.03 0.03 

CD at 5 % 2.16 2.89 3.97 0.27 0.09 0.09 0.09 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.20 Effect of inorganic nutrients and biofertilizers on macronutrients (kg ha-1) in soil after harvest of the crop. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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Fig.21 Effect of inorganic nutrients and biofertilizers on micronutrients (mg 100 g-1) in soil after harvest of the crop. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @ 1.25 kg/ha)  T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha) T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 
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Table 4.18. Gross returns, net returns ₹ ha -1 and benefit cost ratio as influenced by inorganic nutrients and biofertilizers in spinach 

beet Cv. Pusa Bharati 

 

Treatments 
Total yield 

(q/ha) 

Cost of cultivation 

₹ ha-1 

Gross return 

₹ ha-1 

Net returns 

₹ ha-1 

Benefit 

Cost ratio 

T1 – 100 % RDF @ 100:25:50 kg/ha 296.19 20979 148095 53069 3.52 

T2 – 75 % RDF + Azotobacter + PSB + KSB (Each @ 

1.25 kg/ha) 

 

330.75 
 

18209 
 

165375 
 

64478 
 

4.54 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 

2.5kg/ha) 

 

318.25 
 

17859 
 

159125 
 

61704 
 

4.45 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 

3.75Kg/ha) 

 

235.88 
 

16828 
 

117940 
 

42142 
 

3.50 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 

kg/ha 

347.50 17291 173750 69584 5.02 

T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha 388.25 17491 194125 79571 5.54 

T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.7 kg/ha 265.57 17129 132785 49264 3.87 

T8 – T5 + Arka vegetable special @ 5 g/litre 363.25 17759 181625 73054 5.11 

T9 – T6 + Arka vegetable special @ 5 g/litre 412.75 20611 199375 103214 6.00 

T10 – T7 + Arka vegetable special @ 5 g/litre 284.26 20249 142130 65030 4.21 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.22 Benefit cost ratio as influenced by inorganic nutrients and biofertilizers in spinach beet Cv. Pusa Bharati. 

T1 – 100 % RDF @ 100:25:50 kg/ha T6 – 50 % RDF + AMC @ 5 kg/ha + KSB @ 2.5 kg/ha T2 

– 75 % RDF + Azotobacter + PSB + KSB (Each @ 1.25 kg/ha) T7 – 25 % RDF + AMC @ 7.5 kg/ha + KSB @ 3.75 kg/ha 

T3 – 50 % RDF + Azotobacter + PSB + KSB (Each @ 2.5 kg/ha) T8 - T5 + Arka vegetable special @ 5 g/litre 

T4 – 25 % RDF + Azotobacter + PSB + KSB (Each @ 3.75 kg/ha)  T9 - T6 + Arka vegetable special @ 5 g/litre 

T5 – 75 % RDF + AMC @ 2.5 kg/ha + KSB @ 1.25 kg/ha T10 - T7 + Arka vegetable special @ 5 g/litre 

B: C ratio 

7 

6 

5 

4 

3 

2 

1 

0 

6 
5.54 

5.02 5.11 

4.54 4.45 
4.21 

3.52 3.5 
3.87 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Treatments 

B
: 

C
 r

a
ti

o
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter-Ⅴ 
 

 

                                  SUMMARY AND CONCLUSIONS



Chapter Ⅴ 

SUMMARY AND CONCLUSIONS 

A field experiment entitled “Effect of inorganic nutrients and 

biofertilizers on growth, yield and quality of Spinach beet (Beta vulgaris var. 

bengalensis) Cv. Pusa Bharati” was carried out during Rabi season in the year 

2020-21 at P.G research farm, College of Horticulture, Rajendranagar, 

Hyderabad. 

The treatments consisted of 100% RDF through inorganic (100:25:50 kg of 

NPK ha-1) (T1), 75 % RDF through inorganic fertilizers + 25 % Biofertilizers 

[Azotobacter + PSB +KSB] (Each @ 1.25 kg ha-1) (T2), 50 % RDF through 

inorganic fertilizers + 50 % Biofertilizers [Azotobacter + PSB +KSB] (Each @ 

2.5 kg ha-1) (T3), 25 % RDF through inorganic fertilizers + 75 % Biofertilizers 

[Azotobacter + PSB +KSB] (Each @ 3.75 kg ha-1) (T4), 75 % RDF through 

inorganic fertilizers + 25 % Biofertilizers [AMC @ 2.5 kg ha-1 + KSB @ 1.25 

kg ha-1] (T5), 50 % RDF through inorganic fertilizers + 50 % Biofertilizers [AMC 

@ 5 kg ha-1 + KSB @ 2.5 kg ha-1 ] (T6), 25 % RDF through inorganic fertilizers 

+ 75 % Biofertilizers [AMC @ 7.5 kg ha-1 + KSB @ 3.75 kg ha-1 ] (T7), T5 + 

Arka vegetable special @ 5 g L-1 (T8), T6 + Arka vegetable special @ 5 g L-1 

(T9), T7 + Arka vegetable special @ 5 g L-1 (T10) Randomized block design was 

adopted with three replications. Foliar application of Arka vegetable special @ 5 

g L-1 was done at 15, 30 and 45 DAS. The results of the present investigation are 

summarized here under. 

5.1 MORPHOLOGICAL PARAMETERS 

 

➢ Among the treatment combinations, T9 treatment (T6 + Arka vegetable 

special @ 5 g L-1) recorded significantly highest plant height (14.94, 26.84 

and 35.80 cm), maximum leaf length (10.94, 18.38 ,23.32 cm) and length 

of leaf petiole (7.79, 10.00 and 14.94 cm) at 15, 30 and 45 DAS. 

➢ Highest leaf width was (4.16, 12.45 and 13.52 cm) recorded in T9 

treatment (T6 + Arka vegetable special @ 5 g L-1) at 15, 30 and 45 DAS, 

whereas at 15 DAS T6 treatment (50% RDF through inorganic fertilizers + 



50% Biofertilizers [AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1]) (3.95 cm) 

was at par with treatment T9. 

5.2 GROWTH PARAMETERS 

 

➢ Among the treatment combinations, T9 treatment (T6 + Arka vegetable 

special @ 5 g L-1) recorded significantly maximum leaf area (120.83, 

353.56 and 401.88 cm2), leaf area index (0.402, 1.178 and 1.339) at 15, 30 

and 45 DAS respectively. 

➢ Minimum values (8.91, 12.57 and 6.96 cm2 g-1) of specific leaf area were 

recorded in treatment T9 (T6 + Arka vegetable special @ 5 g L-1) at 15, 30 

and 45 DAS, whereas maximum values (15.07, 25.57 and 14.64 cm2 g-1) 

SLA were recorded in treatment T4 (25% RDF + Azotobacter+ PSB + 

KSB) (Each @ 3.75 kg ha-1) Maximum specific leaf weight (0.112, 0.079 

and 0.143 g cm-2) was recorded in treatment T9 (T6 + Arka vegetable 

special @ 5 g L-1) at 15, 30 and 45 DAS respectively. 

➢ Highest leaf area duration between 15 to 30 DAS and 30 to 45 DAS 

(11.79, 18.75 cm2 d-1) was recorded in treatment T9 (T6 + Arka vegetable 

special @ 5 g L-1). 

5.3 YIELD PARAMETERS 

 
➢ Among the treatment combinations, highest number of leaves (13.16, 

16.56 and 19.91), maximum leaf weight (19.38, 38.76, 36.44 g) and leaf 

yield per plant (41.53, 47.65, 98.11 g) was recorded in T9 treatment (T6 + 

Arka vegetable special @ 5 g L-1) at 30, 45 and 60 DAS and it was at par 

with T6 treatment (50% RDF through inorganic fertilizers + 50% 

Biofertilizers [AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1]) at 30 DAS (12.58) 

in number of leaves per plant, leaf weight (18.97 g) and 60 DAS (97.01 g) 

in leaf yield per plant respectively. 

➢ Highest leaf yield per hectare (412.75 q ha-1) was significantly obtained in 

T9 treatment (T6 + Arka vegetable special @ 5 g L-1) followed by T6 

treatment (50% RDF through inorganic fertilizers + 50% Biofertilizers 

[AMC @ 5 kg ha-1 + KSB @ 2.5 kg ha-1]) (388.25 q ha-1). However lowest 



(235.88 q ha-1) leaf yield ha-1 was recorded in T4 (25 % RDF + 

Azotobacter + PSB + KSB) (Each @ 3.75 kg ha-1) 

5.4 QUALITY PARAMETERS 

➢ Lowest moisture content (84.46%) with minimum PLW (47.24%) which 

ultimately increases the shelf life (2.99 days) was obtained in T9 treatment 

(T6 + Arka vegetable special @ 5 g L-1). 

➢ Maximum Vitamin-C (65.70 mg 100 g-1), Carotene content (10.59 mg 

100g-1) and Chlorophyll (41.63 SPAD units) were recorded in treatment 

T9 (T6 + Arka vegetable special @ 5 g L-1). 

5.5 SOIL NUTRIENT ANALYSIS AFTER HARVEST 

➢ Maximum N, P, K (202.60, 159.00, 316.60 kg ha-1) and micronutrients 

(Fe, Mn, Zn and Cu) (9.27, 9.59, 3.08 and 3.66 mg 100 g -1) were recorded 

in T9 treatment (T6 + Arka vegetable special @ 5 g L-1). 

5.6 ECONOMICS 

➢ Among the treatment combinations, T9 treatment (T6 + Arka vegetable 

special @ 5 g L-1) recorded higher gross returns (₹ 199375/-), net returns 

(₹ 103214/-) and benefit cost ratio (6.00). Whereas, lower gross returns (₹ 

117940/-), net returns (₹ 42142/-) and benefit cost ratio (3.50) 

5.7 Conclusions 

➢ Among all the treatments, T9 (T6+ Arka vegetable special @ 5 g L-1) 

treatment significantly influenced on growth, yield and quality of spinach 

beet. 

➢ Hence, treatment T9 (T6+ Arka vegetable special @ 5 g L-1) was the 

effective combination of nutrient application on spinach beet with highest 

benefit cost ratio (6.00) 

5.8 Future line of research work 

 

➢ Standardization of different combinations of biofertilizers and their dosage 

to enhance the yield and quality of spinach beet. 

➢ Standardization of various storage methods to increase the shelf life of 

spinach beet. 

➢ Need to study the nutrition content of the crop on usage of the different 

biostimulants and biofertilizers. 
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                                                                                                   APPENDIX-Ⅰ 

 
 

                              Monthly mean meteorological data recorded at ARI, Rajendranagar during Dec 2020 to March 2021 

 

Month 

Temperature 

         (⁰C) 

Relative 

Humidity (%) Rainfall (mm) 
No. of rainy 

days 

Sunshine 

hours 

Wind speed 

(Km hr-1) 
Evaporation 

Max. Min. Ⅰ Ⅱ 

DEC, 2020 28.5 12.5 94 42 0.0 0 8.6 2.7 2.8 

JAN, 2021 29.5 15.3 95 45 4.2 1 7.0 3.0 3.1 

FEB, 2021 30.7 13.8 88 41 0.4 0 8.5 3.5 4.3 

MAR, 2021 36.3 24.8 89 51 112.6 6 8.3 6.0 6.8 

 
 

 

         

 

 
 
 



                                             APPENDIX-Ⅱ 

 

                        PRICES OF INPUTS AND OUTPUTS 

 

S.No.                               Particulars  Prices ha-1 

1. Tractor 2500/- 

2. Bed Preparation 6000/- 

3. Seed material cost 3000/- 

4. 

Fertilizers  

Urea 1530/- 

Single super phosphate 938/- 

Murate of Potash 750/- 

Azotobacter 225/- 

Phosphorous solubilizing bacteria 225/- 

Potassium solubilizing bacteria 225/- 

Arka microbial consortium 975/- 

Arka vegetable special 3120/- 

5. Weeding 2000/- 

6. Harvesting 1000/- 

7. Transport 500/- 

 

 

                


