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1, INTRODUCTION

Vegetables form an integral component in human diet. Food grains ensure

food security, however, the nutritional security is guaranteed mostly with the

inclusion of fruits and vegetables in the diet. They are considered as the cheapest and

most readily available sources of important proteins, vitamins, minerals and essential

amino acids. India is the second largest producer of vegetable crops with a production

of 168.3 mt from an area of 9.54 mha (GOl, 2016) while in Kerala, vegetables are

grown in an area of 90553 ha with a production of 1.53 ml (GOK, 2016).

Amongst all the vegetables, leafy vegetables have high protective food value.

i3eing rich in minerals,this group of vegetablesare also referred to as "mines of

minerals".As per Indian Council of Medical Research (ICMR, 2011), the

recommended dietary allowance of leafy vegetables for an adult person is 100 g

day '. Leafy vegetables are important, not only in meeting the essential dietary

requirements, but, also in countering the micronutrienl deficiencies that are increasing

at an alarming rate, especially in developing countries.

Commercial cultivation of vegetables is done both as pure crops and as inter

crops under open conditions. Nevertheless, the unpredictable weather and heavy

incidence of pests limit the cultivation of vegetables in the open conditions. Leafy

vegetables are more vulnerable to abiotic and biotic stresses on account of their

vegetative growth characters and succulent nature. Year round cultivation of the

crops is hence greatly influenced by the season and weather conditions.

Protected cultivation is considered as an alternative strategy for improved

productivity and year round cultivation. Substantial improvements in yield and

quality have been reported in vegetables when grown in protected structures under

controlled environment. The green house technology is considered suitable for leafy

vegetables as the protected environment helps to reduce the biotic and abiotic stresses

and ofTset the vagaries of weather to which leafy crops are highly susceptible.

9



Spinach beel or palak(5eto vulgaris L. var. bengalensis) belonging to the

family Chenopodiaceae, is one of the most popular leafy vegetables grown in India

especially in West Bengal, Maharashtra, Rajasthan, Uttar Pradesh, Punjab, Haryana

and Gujarat. It is valued for its tender, soft and succulent leaves that are used as

vegetable. Also called beet leaf, spinach beet is regarded as the cheapest source of

calcium, iron and phosphorus. The crop is also rich in proteins, fat and contains

higher fibrous matter which provides necessary roughage in the diet. Spinach beet is

the only cultivar of Beta vulgaris^ which is annual in duration and does not produce

swollen roots. The short duration, high nutritive value and relative ease in cultivation

at a comparatively low cost upholds its importance among leafy greens.

Although popular in the northern states of the country, spinach beet is a recent

introduction in Kerala. Cultivation of the crop is confined to homesteads, even

though, the crop has immense potential for commercial cultivation and is of high

nutritional value.

Popularizing a new crop for commercial cultivation necessitates the

recommendation of varieties suitable to the new environment. Although many high

yielding varieties in spinach beet have been evolved and are in cultivation country

wide, varieties suited to the environmental conditions of the state are yet to be

recommended. Varietal suitability studies have been limited toobservation trials

(KVK, 2014). It also calls for a suitable package of practices recommendation for

successful cultivation, especially plant nutrition, which is most important.

Balanced nutrition is crucial for optimal plant growth and high quality

produce. Leafy vegetables, on account of its high biomass production and short span,

require precise and timely application of the essential nutrients through suitable

sources. Nitrogen, phosphorus and potassium are the key elements governing the

plant growth, leaf production and quality of the greens. Evolving an agronomic

package would essentially require standardizing the nutrient dose for the crop.



As spinach beet is a new introduction in the state, scientific studies on the

varietal evaluation and nutrient management of the crop have not been attempted

until date. Being a short duration crop itis suitable for cultivation in the open and

under protected conditions. Keeping in view the above facts, the project was

proposed with the following objectives

•  to assess the suitability of five spinach beet varieties under open and
protected conditions

•  to standardize the nutrient dose for spinach beet and

•  to work out the economics.

fio



Review of
Literature

:i\



4-

2. REVIEW OF LITERATURE

Leafy vegetables are the least expensive sources of a number of protective

nutrients and are regarded as indispensable components in the human diet. Spinach

beet {Beta vulgaris L.var bengalensis) is one of the popular leafy vegetables

oftropical and sub-tropical regions and is grown widely in India, however, a new

introduction in Kerala state. The present study entitled "Productivity of spinach beet

as influenced by varieties and nutrient doses" was aimed to assess the suitability of

five varieties of spinach beet under protected and open conditions, to standardise the

nutrient dose for the crop and to work out the economics of the cultivation.

The present chapter explores the research works done on the influence of

variety and nutrient doses on spinach beet under protected and open conditions. As

studies on spinach beet are less, those available on other leafy vegetables are also

included.

2.1 VARIETAL EFFECTS IN LEAFY VEGETABLES

Dainello et ai. (1987) and Djurovka et al (1988) stated that yield is the key

component of cultivar selection. Rai and Singh (2000) conducted an experiment with

nine genotypes of cabbage and found that among the different attributes, gross and

net head weight, number of non-wrapper leaves and stalk length mainly contributed

to its yield.

Varieties difler in their growth characters and the number, size and weight of

leaves are the major yield deciding factors in leafy vegetables. According to Singh et

al. (2015), the yield in Indian spinach depends on the vegetative growth and it may be

expressed in terms of number of leaves per plant, size of leaf and plant height.

2.1.1 Effect of Varieties on Growth and Yield

Significant variations occur in growth and yield among varieties of the

broccoli crop (Ngullie and Biswas, 2014) under rainfed mid-hill conditions of

Mokokchung district of Nagaland.

.53-
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Varietal performances are greatly influenced by season (Campbell and

Abbott, 1982;Adenijie/ a/.2009), growing conditions (Sharma et al.-, 2001; Kotadia et

al., 2012; Elavarasan elal., 2013) and management practices (Ohshiro et al. 2016).

Devadas et al. (1993) compared growth and yield parameters of 12 red and 11

types of green amaranthus and observed that red types have broader, longer leaves,

fewer branches, took longer time to bolt and were taller at bolting than green types.

Bhardwaj (1996) evaluated twenty divergent genotypes of cabbage and found

significant differences for all traits among the twenty five genotypes tested. Among

the genotypes, Golden Acre, EC-271632, Express Mail, 83-5 and Pusa Mukta

performed well for marketable maturity, head compactness, head size, head weight

and per cent compact heads respectively.

Gopalakrishnan (2004) assessed the adaptability of cabbage varieties and

recorded maximum yield of 38.28 tha ' in the variety September with an average

head diameter of 16.5 cm, closely followed by Sri Ganesh, Hari Rani lAHS 2 and

Hybrid 43 which were on par in productivity (25-27 tha"').

Sharma et al. (2006) conducted stability analysis for marketable head yield

and its contributing horticultural trails in 11 genotypes of cabbage and documented

that genotypes KGAT-lII and Pusa Muktha were suitable for higher marketable head

yields along with stability for important horticultural attributes.

Ijoyah and Rakotomavo (2007) compared the yield performance of five

cabbage varieties and found that variety Gloria Kid YR performed best and was

capable of giving satisfactory yield under open field condition compared to the other

varieties tested.

Significant variations in yields of varieties with locations were documented in

Amaranthus (Varalakshmi et al.,20 \ 1).

Emm et al. (2012) reported significant variations in plant growth characters:

plant height, leaf area, plant canopy, number of branches among the varieties of



amaranthus. Similarly Mandal and Dhangrah, (2012) observed wide range of

variations in the yield of vegetable amaranthus varieties.

Spinach or palak was found to perform better under saline and alkaline

conditions and the variety H 23 yielded 23 per cent more biomass than All Green

(Sharma et al., 2001).

Narayanankutty et al. (2012) evaluated 28 cabbage varieties and identified NS

43, NS 160 and NS 183 as suitable varieties for cultivation under warm humid tropics

of Kerala.

Studies on the performance evaluation of different types of coriander during

rabi season revealed that Pant Haritma recorded highest green leaf yields (60.10 q

ha"') under the agro climatic conditions of Akola, Maharashtra (Meena and Kale,

2015).

Meena et al. (2016) assessed the performance of two palak varieties, All Green

and HaritSobha and reported an average yield of 15.5 and 17.7q ha ', respectively

with a yield gap of 1.75 and 2.32q ha"' between local and improved practices for the

two varieties.

The field experiment to study the suitability of Indian spinach varieties as

intercrop in litchi- papaya based agroforestry system revealed that there was no

significant variation in yield among the varieties, but for selection, varieties could be

ranked as KS red > Local> KS green, the per hectare yields being 36.32t, 34.61t and

34.00 t respectively (Uddin and Chowhan,2016),

2.1.2 Effect of Varieties on Quality Parameters

Leafy vegetables are rich sources of protein, vitamins such as beta carotene,

ascorbic acid, folic acid and riboflavin and minerals including iron, calcium and

phosphorus (Aletor et a/.,2002; Shukla et (j/.,2006; Yadav et a/.,2013) Although leafy

vegetables occupy a very important place in the human diet Anjana et al. (2007)



opined that they also constitute the group of foods which contributes maximally to

nitrate consumption by living beings .

Khader and Rama (2003) reported the varietal differences in macromineral

contents of leafy vegetables and also recorded the varietal differences at different

stages of maturity. Calcium and Mg increased as the plant matured from 15 to 30

days, whereas P content decreased continuously as the plant matured from 15 to 45

days and recommended that the best stage of consumption of leafy vegetables is

between 15 and 30 days when the mineral contents were the highest. In palak, they

observed a continuous increase in Mg and Ca contents and decrease in P contents

were recorded from 15 to 45days.

Calderon et al. (1991) reported that protein content in leaves of amaranthus

varieties varied from 12.74 to 14.65 per cent. According to Prakash and Pal (1991)

leaf protein ranged from 14 to 30 g kg 'and carotenoid content from 90 to 200 m kg'^

in vegetable amaranthus types.

Hossain and Rahman. (1999) analysed 11 genotypes of local amaranthus

(Amaranthus tricolor) for the nutritional properties and reported that the genotype

Bonefire had highest content of dry matter (10.07 %), protein (12.97 %), Ca (1.54 %),

Mg (0.25 %) and Fe (576 ppm).

Gins et al. (2000) analysed the chemical composition o\' Amaranthus tricolor

leaves and recorded that they contained high amounts of caroienoids (40 mg 100 g"' )

and considerable amounts of ascorbic acid.

Kowsalya et al. (2001) reported the beta-carotene content of Araikeerai

(Amaranthustristis) as 19900 lU 100 g"' and that of Mullakeerai

( Amaranthusspinosus) QS 13941 lU 100 g '.

Holubava (2002) evaluated the anti nutrients in six amaranthus genotypes and

noted that the genotypes with the highest amount of nitrate also contained the highest

amount of oxalic acid.
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Evaluating the two amaranthus lines, ArkaSamraksha and Arka Vama,

Varalakshmi et al. (2011) documented that Arka Samraksha had maximum

antioxidant activity ( 499 mg AEAC units), minimum nitrate content (27.3 mg) and

oxalates (1.34 g 100 g"' fresh weight of leaves) and leaf protein (4.0 %). Arka Vama

recorded antioxidant activity of 417 mg (AEAC units), nitrate content of 3.82 mg,

1.42 g of oxalates per 100 g fresh weight of leaves and 4.1 % of leaf protein.

Yadav et al. (2013) reported higher values for ascorbic acid, carotenoid content

and total antioxidant activity in Pusa Bharathi variety of palak, while phenol content

was higher for the variety, All Green.

2.2 EFFECT OF NUTRIENTS ON THE PERFORMANCE OF LEAFY

VEGETABLES

A balanced application of nutrients is important in realizing good yields in

any crop production programme. This assumes significance in vegetables particularly

in those species of indeterminate growth habits. Leafy vegetables are mostly

harvested by frequent cuttings and hence application of nutrients inadequate

quantities is important for the growth of the tender leaves and formation of newer

ones.

2.2.1 Effect of Nitrogen on Growth and Yield

The role of nitrogen in promoting vigorous growth in leafy vegetables has

been well documented (Tisdale et al., 1990).An ample supply of nitrogen not only

helps in the production of succulent leaf matter in leafy vegetables, but ahso in their

seed production.

Field results showed that significantly higher spinach yields were obtained

with the ammonium form of fertiliser compared to the nitrate form, with maximum

yield on application of 300 kg N ha"' compared to the 150 and 450 kg N ha"' (Goh

and Vityakon,1983).



Belichki (1984) suggested that nitrogen is the most important nutrient for

growth and yield in spinach, while maximum growth, yield and frequency of

harvesting depended on application of N.

Nawawi et al. (1986) reported that leaf area plant"'in spinach increased with

increase in nitrogen fertilization from 0 to 69 kg N ha"'. Studies on the effect of split

application of nitrogen on the growth and yield in clipping type amaranthus, cultivar,

CO-3 revealed that application of 60 kg N ha ' in two equal splits, basal and after the

fifth clipping, was found to be best for getting maximum plant height, optimum

leaf/stem ratio and high green leaf yield (Singh a/., 1986).

Dhillon et al. fl987) explored the effect of different doses of nitrogen on yield

of spinach grown in an alkaline sandy loam soil and illustrated that the increase in

yield was relatively less at 30 kg N ha"' while at 90 kg N ha"',the increase was

higher.

Cantliffe (1992) reported that spinach is an important leafy vegetable crop

which is highly responsive to fertilizer application and requires a high level of

fertility especially nitrogen. Early spring spinach may require larger quantities of

fertilizers compared to fall crops.

In amaranthus, linear increase in plant lodging with increase in nitrogen

fertilizer rate was noticed in soil with low initial nitrogen(Elbehri et al, 1993). In soil

with high amount of residual nitrogen, plant lodging was equally severe across all

the rates of nitrogen applied.

Increased leaf area plant LAI and LAD with increased rate of N fertilizers

had been documented in amaranthus (Malligawad,1994).

Harahap (1994) reported that nitrogen fertilizer application led to a significant

increase in plant height, number of nodes, stem diameter and average intemodal

length in water spinach. Interaction between cutting frequency and nitrogen levels

was also found to be significant.
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Jana et ai ̂ 999) reported that the highest green yield (114.6 q ha ') in palak

was obtained with 150 kg N ha ' and was significantly superior to the rest of the

treatments 0, 30, 60 kg N ha"' with lower doses.

Arya and Singh (2001) conducted field experiments during rainy seasons to

assess the optimum dose of nitrogen for amaranthus at Ranichauri. They obtained the

highest yield (20.31 q ha*') with 80 kg N ha"' in two split doses during vegetative

stage.

Materechera and Medupe (2006) recommended that Amaranthus hybridushzid

potential for production as a green leaf vegetable and nitrogen @ 40 kg ha*' from

both organic and inorganic fertilizers was essential for high productivity.

Masinde and Agong (2012) reported that nitrogen deficiency in water spinach

exerts its effect on plant growth through reduced leaf area index and hence low light

interception and low dry matter production.

2.2.2 Effect of Phosphorus on Growth and Yield

Muhlendyck and Schupan (1963) obtained higher yield in spinach with

increased phosphorus application up to 240 kg ha"' and the increase was found to be

associated with improvement in market quality and an early maturity .

Regan et al. (1968) based on the field experiment on 24 combinations of Ca,

P, K and N in spinach revealed that phosphorus stress generally caused reduction in

fresh and dry weight of spinach plants. In lettuce the best head growth was recorded

when P concentration in soil solution was 0 4ppm (Nishimato et al., 1972).

Ramachandra and Thimmaraju (1983) conducted field experiments in a red

sandy loam soil lo assess the effect of different levels of nitrogen and phosphorus (0,

50 and 100 kg ha"' respectively) on growth components and yield of Amaranthus

cv.25and found that application of 100 kg P2O5 ha"' increased leaf area index, leaf

area duration, net assimilation rate and crop growth rate. Plant height, dry weight and

yield were also highest at 100 kg P2O5 ha '.
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Kalinowski et al. (1992) opined that there was continued additive response of

amaranthus to phosphorus up to 80 kg ha"', the response to P2O5 occurred only when

initial soil level was below 11 P2O5 kg ha '. This indicated that demand for

phosphorus by amaranthus might be similar to other row crops.

Wang and Li (2004) explored the effects of P fertilisation on vegetable growth

in different leafy vegetables and documented that the effects were species and

sampling-time dependent. The addition of P fertilizer increased yields of green

cabbage and rape, while those of spinach and cabbage did not record any significant

change.

Nemadodzi (2015) based on his study in baby spinach reported that P

application showed significantly increased yields, dry matter and chlorophyll content,

with the maximum at 75 kg P ha"' .

2.2.3 Effect Potassium on Growth and Yield

Makus (1990) reported that leaf area, stem weight and leaf blade weight in

amaranthus responded linearly to increase levels of applied K2O. Kalinowski et al

(1992), however, based on his study opined that addition of 80 kg K2O ha"' did not

have positive effect on yield of amaranthus. Soundy and Smith (1992) reported a

quadratic yield model in lettuce with soil K application, but the applied N and P did

not affect K availability.

Yi-Mirmer al. (2001) observed that potash applied at the rate of 225 kg K2O

ha"'resulted in rapid heading, maturation, better quality and higher income The yield

increase was 35 per cent more than zero potash application.

Dzida et al. (2011) recommended application of 0.6 g K dm'^ for highest

yield of leaf fresh weight and 1.8 g K dm"^ bedding for highest vitamin C content in

fresh mass of leaf beet cultivated in green houses.



2.2.4 Effect of Combined Nutrient Application on Growth and Yield

Salaj and Jasa (1965) reported that nitrogen had significant effects on yield of

spinach and the highest yield was recorded in the combination of 90 kg N, 27 kg P

and 60 kg K ha

Barker (1971) observed marked differences in the dry matter production in

spinach with increased levels of N, P and K. Highest yield and dry matter content in

spinach was obtained by balanced application of nutrients.

Panda et ai (1991) conducted field experiments to assess the effects of NPK

on Amaranihus gangeticus'm acid sandy loam lateritic soils. The results revealed that

highest green yield (12.7 t ha"') and protein (4.9 %) was recorded with full NPK dose

as basal application @ 60:20:20 kg ha"'.

Jha and Jana (2009) reported that application of 10 t ha"' of vermicompost

along with 100 per cent recommended dose of NPK yielded the significantly highest

values for all growth, green and seed yield and quality parameters in All Green

variety of palak. The maximum number of leaves was at flower stalk initiation

(20.77) and fresh green yield and seed yield were 5.45 and 9.601 ha '.respectively,

Padmanabha ei al . (2009) concluded that combined application of organic

(FYM on N basis) and inorganic sources of nutrients @ NisqPiooKioo kgha"'

improved the growth and yield of palak.

Anuja and Jayalakshmi (2011) identified application of panchagavya 4 per

cent -t- 100 per cent NPK (75:50:50 kg ha"') to be the best treatment for increasing

yield of palak var. Ooty -1.

2.2.5 Effect of Nutrients on Nutrient Uptake

Peavy and Greig (1972) reported that mineral fertilization brought about

higher nitrogen content in leaves as compared to application of organic fertilizers in

spinach grown in an alkaline sandy loam soil. The results revealed that N content of

leaves increased from 2.97 to3.74 per cent with application of nitrogen. They

30
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observed significant increase in uptake of N by spinach with successive increase in

amount of nitrogen applied; uptake of P and K also increased significantly at all

levels of applied N.

Nitrogen and phosphorus uptake increased significantly in fenugreek and

highest values were recorded when fertilized with 20 kg N and 75 kg P ha"'

(Rathoreand Manohar, 1989).

Kansal e/ a/.(l989) studied the response of spinach to different levels of

nitrogen (0, 30, 60 and 90 kg ha"') and farmyard manure (0, 10 and 20 t ha"') in a

sandy loam soil and reported that the yield, nutrient uptake and ascorbic acid content

increased with the combined application of inorganic nitrogen fertilizer and

farmyard manure, the maximum being at 90 kg N ha*' + 201 FYM ha '.

Higher nitrogen uptake at higher nitrogen rates (25, 50, and 75 kg ha"') as

compared to no nitrogen was reported in amaranthus by Panchal ef al.( 1991).

Similar increases in NPK uptake in amaranthus with increasing N doses of nitrogen

were also reported (Malligawad, 1994).

The study conducted by Rajeswari and Shakila (2010) highlighted that the

uptake of nitrogen, phosphorus and potassium in palak were highest in the organic

treatment in which FYM at 10 t ha"' + vermicompost at 2.5 t ha"' + panchagavya 3

per cent, as foliar spray was applied.

Islam et al. (2011) examined the effect of organic manure and chemical

fertilizer application on vegetable crops and soil properties in the radish-stem

amaranth -Indian spinach cropping pattern in a homestead area of Gazipur district in

Bangladesh . In Indian spinach, the total N uptake ranged from 6.64 to 70.6 kg ha"'

with the significantly highest N uptake (70.6 kg ha"') in combination of household

waste and reduced fertilizer dose application. P uptake varied from 0.33 to 2.81kg

ha"' the K and S uptake from 2.50 to 21.5 kg ha"' and 0.43 to3.35 kg ha"',

respectively. The significantly highest K. and S uptake, (21.5 kg ha"' and 3.35 kg ha"

2>\
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'respectively were noted in the treatment of intergrated household waste and

reduced fertilizer dose.

Studying the seasonal variations in the response of spinach to elevated

ultraviolet-B (UV-B) during summer and winter, Singh et al. (2014) observed that the

NPK uptake was higher in summer, while NPK use efficiencies were higher during

winter. At higher than recommended NPK level, better NPK use efficiencies were

displayed during both the seasons.

2.2.6 Effectof Nutrients on Quality Parameters

Higher doses of nitrogen was found to record maximum content of protein,

p-carotene, and reducing sugars in spinach (Kansal et al.^ 1989).

Suresh et al. (1996) opined that a well fertilised leafy vegetable crop will be a

high yielder and of more nutritive value because of the increased leaf protein

content.

Wang et al. (2008) reported that application of nitrogen fertilizers viz.,

ammonium chloride, ammonium nitrate, sodium nitrate and urea significantly

increased the yields and nitrate concentrations of Peking cabbage and spinach.

Phosphorus fertilization could significantly decrease nitrate concentration in green

cabbage, but significantly increased in cabbage and rape at the second harvests.

Fertigation with water soluble fertilizers in coriander showed profound

influence on chlorophyll content of leaves and, application at 125 per cent RDF

recorded the maximum chlorophyll 'a' of 2.20 and 2.54 mg g ' during first and

second season at harvest stages (Rajaraman et al.. 2011).

Plant nutrients especially nitrogen and potassium have significant role in

deciding yields and quality in palak (Ramakrishna, 2005 ; Gairola et al., 2009). An

N: K ratio of 1:1 along with farm yard manure was recommended for palak

cultivation, as this combination increased leaf area, per cent dry weight, chlorophyll

content index and nitrate reductasc activity, whereas, it decreased nitrate content.

3^



Xu et al.{ 2003) explored the variations in leaf concentrations of sugars and

vitamin C in organic and chemical fertilizer applied lealy vegetables and recorded

that these were significantly higher and nitrate was lower in the organic fertilized

than chemical fertilized leafy vegetables.

In lettuce production, Hoque et al. (2010) observed increased yields with

increased N application rate, but post-harvest quality declined at high levels of N

(337 kgha') and P (225 kgha '). The most economical treatment that recorded the

highest yield and best post-harvest quality was with the combination of 225 kg N

ha"' and 112 kg P ha ' .

Onyango et al. (2011) reported increased yields and nitrate contents in

Amaranthus caudatus with diammonum phosphate applications and yields saturated

at 40 kgN ha '.

Higher ascorbic acid contents in palak with higher rates of nitrogen

application have been reported (Bhore et ai, 2000 ; Singh et a/.,20I5).

2.3 EFFECT OF PROTECTED CONDITIONS ON THE PERFORMANCE OF

LEAFY VEGETABLES

Protected cultivation can be defined as a cropping technique wherein the

micro environment surrounding the plant body is controlled partially / fully as per

plant need during their period of growth, to maximize the yield and is resource saving

technology (Nair and Barche,2014).

Fruiting vegetables, leafy greens, and herbs have been successfully produced

in greenhouses (Hood, 2000).Nagarajan et al. (2014) claimed that greenhouse is the

most practical method of accomplishing the objectives of protected cultivation.

Protected cultivation has the potential to reduce the stresses, offset the

vagaries of weather and permitting year round cultivation to ensure regular supplies

in the market (Singh et al., 2005).
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Brandenburger et al. (2007) opined that greenhouse production of leafy

vegetables is an alternative to fruit vegetables in the greenhouses because it allows

for multiple short-duration production cycles and a much faster economic return. The

suitability of spinach in the rotation cycle for year round vegetable production in

polyhouses was also documented.

The environmental conditions inside the polyhouse structure greatly influence

the performance of crops (Rajasekhar et o/.,20I3; Smitha and Sunif 2016).

Dixit (2007) compared the performance of leafy vegetables (spinach,

amaranths, fenugreek and coriander) under protected environment and in open field

condition. The germination percentage was found 10-20% more under greenhouse

condition as compared to open field and greenhouse cultivation could yield 2-3 times

greater than that in the open.

Singh et al. (2007) reported that protected cultivation of vegetables in peri-

urban areas of Northern India provide the best way to increase the productivity and

quality of vegetables as well as outweigh unfavourable elements compared to open

field conditions. Summer squash - french bean- tomato - spinach was identified as the

best off season vegetable combination for round the year utilisation in polyhouses

(AICRP, 2009).

Kotadia et al. (2012) documented that leafy vegetables, spinach, amaranthus,

fenugreek and coriander grown in shade net situation had better plant growth

attributes and higher yields compared to open field situation during summer season.

Thirty per cent shade net was found ideal for spinach and amaranthus and 75% shade

net for fenugreek and coriander.

Studies on screening of leafy coriander cultivars for off season cultivation

under shade nets revealed that the variety Ajmer Green was the most suitable cultivar

on account of its early germination, leafy characters, late flowering nature and higher

green yields (Lai et al., 2015)



Isaac (2015) assessed the performance of five leafy vegetables palak,

coriander, lettuce, red and green amaranthus under protected and open condition and

reported that palak was the most advantageous in terms of relative equivalent yield of

red amaranthus. But, in open field, crop establishment was observed to be very poor

as the heavy rains affected the establishment and growth of the leafy crops.

The cited literature reveal that studies on varietal effects and nutrient doses in

leafy vegetables, especially spinach beet, under open and protected environments are

meagre. The present research work was hence attempted to assess the suitability of

varieties in spinach beet and to standardize a nutrient dose for its cultivation in the

state both under open and protected condition.



Materials and

Methods
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3. MATERIALS AND METHODS

The experiment entitled "Productivity of spinach beet as influenced by

varieties and nutrient doses" was carried out at College of Agriculture, Vellayani,

Thiruvananthapuram, Kerala during August-November20l5 and 2016. The main

objectives of the experiment were to assess the suitability of five varieties of spinach

beet under protected and open conditions, to standardize the nutrient doses and to

work out the economics of the cultivation.

The materials used and methods followed for the research work are presented

in this chapter.

3.1. EXPERIMENTAL SITE

The experiment was conducted in the Instructional Farm attached to College

of Agriculture, Vellayani both under protected (polyhouse) and open field

conditions. The site is situated at 8.5*' N latitude, 76.9 " E longitude, at an altitude

of 29 m above MSL.

3.1.1 Soil

Soil samples were collected from the different points of the open field as

well as in polyhouse at 0-15 cm depth and analysed for the physio-chemical

properties. The data are presented in Table. I

Table 1 .Physico - chemical properties of soil prior to experiment

a) Physical properties

Sl.No. Fractions
Content in soil

(%)
Method used

1 Coarse sand 64.08
Bouyoucos hydrometer method

(Bouyoucos, 1962)
2 Silt 10.38

3 Clay 26.54

3T



b) Chemical Properties.

SI.

No.
Parameters

Content in soil
Method used

Open Poiyhouse

1 Available N (kg ha'')
183.14

(low)

226.50

(high)

Alkaline

peramanganate method

(Subbiah and

Asija,1956)

2 Available P (kg ha"')
94.12

(high)

95.47

(high)

Bray colorimetric

method (Jackson, 1973)

3 Available K (kg ha"') 211.44

(medium)

268.22

(high)

Ammonium acetate

method (Jackson, 1973)

4 Organic carbon (%)
0.50

(medium)

0.26

(low)

Walkley and Black

rapid titration method

(Jackson, 1973)

5 Soil reaction (pH)

5.95

(moderately

acidic)

5.22

(strongly

acidic)

1:2.5 soil solution ratio

using pH meter with

glass electrode

(Jackson, 1973)

6
Electrical

Conductivity (EC)

0.28

(normal)

0.39

(normal)
Digital conductivity

meter (Jackson, 1973)



The soil of the open field was sandy loam belonging to the taxonomical order Oxisol,

moderately acidic in reaction, medium in organic carbon, low in available nitrogen

and high in available phosphorus and potassium. In the polyhouse, the soil was

strongly acidic, low in organic carbon and high in available nitrogen, phosphorus and

potassium.

3.1.2 Climate and Season

The field experiment was laid out during August 2015 under protected

condition and in open. The data on weekly mean temperature, relative humidity and

rainfall during the cropping seasons were collected from the Department of

Agricultural Meteorology, College of Agriculture, Vellayani and are presented in

Appendix 1 and 2 and illustrated in Fig. 1 and 2.

As the heavy rains interfered with the crop establishment in 2015, spinach

beet in the open was raised in August 2016. The study was conducted as two separate

experiments and comparison of the performance of the crop in the open and

polyhouse could not be made.

3.1.3 Previous Cropping Historj'

Amaranthus for seed purpose was raised in the polyhouse during previous

cropping season, whereas open field was under a bulk crop of vegetable.

3.2 MATFRIALS

3.2.1 Details of Protected Structure

The experiment was conducted in the saw toothed type polyhouse of 1000 m^

area established in the Instructional Farm attached to the College of Agriculture,

Vellayani. The top of the polyhouse was covered with 200 micron uv stabilized

polythene sheet with provision for natural ventilation. The sides were covered with

50 percent UV stabilised agro shading net of green colour. Foggers were provided

for temperature regulation and operated for two minutes, twice daily, in the morning

and evening.
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3.2.2 Crop and Varieties

Five varieties of spinach beet were raised in the open and polyhouse. The

varieties included in the study, their characters and sources of seed are detailed in

Table 2.

Table 2. Varietal characters and sources of seed

SI. No Variety Character Source of seed

I All Green

Stalks and leaves are light green, plants are

about 15-20 cm high. Leaves are tender and

gives about 6-7 cuttings at 15-20 days

interval.

NSC, Palakkad

2 PusaBharathi

Cordate shaped leaves are 25 cm long and

14 cm in breadth. Leaves are smooth and

tender, without any red pigment.

lARl,

New Delhi

3 Punjab Green

Plants are semi-erect; foliage is shining dark

green, thick, long and broad. The leaves are

succulent and free from soumess. There is

mild purple pigment on the stem

PAU, Ludhiana

4 IndamKolkatta

Hybrid. Plant type is vigorous, foliage color

light green and the size of leaf broad and

attractive. Stem is succulent and green in

colour.

Indo-American

Hybrid Seeds

Pvt. Ltd.,

Bengaluru

5 Trendy

F1 Hybrid. Plant type is early maturing and

high yielding. Leaves are dark green in

colour, very shiny, very soft and tender.

Juicy and sweet in taste.

R.K. Seed

Farms, New

Delhi

ho-
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3.2.2 Manures and Fertilizers

Well decomposed farm yard manure (0.48% N, 0.18% P2O5, 0.5% K2O) was

used as organic source and urea (46% N), rajphos (20% P2O5) and muriate of potash

(60% K2O) were the inorganic sources used for the experiment.

3.3 METHODS

3.3.1 Design and Layout

Design : Split plot

Replications : 4

Season : August- November 2015 and 2016

Main plot :7.5 m xl.5m

Sub plot : 2.5 m x 1.5 m

Spacing : 20 cm x 10 cm

Treatments:

Main factor : Varieties (V)

V| : All Green

V2 :PusaBharathi

V3: Punjab Green

V4 :Indam Kolkatta

V5: Trendy

Sub factor: Nutrient levels (N) N;P:Kkgha''

Ni:40:20:40

N2:60:30:60

N3:80:40:80

3.3.2 Lay out of Field Experiment

The lay out of the experiment in polyhouse is given in Fig. 3and the same was

used for open condition also
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Fig.3. Lay out of the experimental field



3.3.3 Crop Management

3.3.3.1 Sowing of Seeds and Seedling Production

Seeds of each variety were sown in pro trays in a potting media of

vermicompost, FYM and coir pith in 1:1:1 ratio. The seedlings were raised in the pro

trays upto 30 days and were given sprays of Pseudomonas @ 2 % twice at 10 day

interval and water soluble nutrient spray withl9:19:19 @ 0.5%, 15 DAS.

3.3.3.2 Land Preparation

The experimental area in the open was ploughed using a power tiller, levelled

and converted into main plots and these were divided into beds of 2.5 m x 1.5 m size

with channels in between to form the sub plots as per the layout plan.

In the polyhouse, manual digging was adopted, raised beds were taken and

levelled to serve as main plots and each main plot was divided into subplots of 2.5

m length and 1.5 m width. Lime was applied (p} 25 gm'^ in the beds.

3.3.3.3. Transplanting

One month old spinach beet seedlings of each variety were transplanted in

the raised beds at 20 cm x 10 cm spacing.

3.3.3.4 Gap Filling

Gap filling was done one week after transplanting to ensure optimum plant

population.

3.3.3.5 Application of Manures

Organic manure (FYM) was applied uniformly to all the treatments @10 t

ha ' and chemical fertilizers, as per treatments. One fourth N and K, and full P were

given as basal dose and remaining three fourth N and K. in three splits as top

dressing, after each harvest of the crop.

3.3.3.6 Irrigation

Daily irrigation was practised in the polyhouse and in the open, irrigation

was done during non rainy periods.
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3.3.3.7 Weeding and Earthing up

Weeding followed by earthing up was done 15 days after transplanting

(DAT) and thereafter, earthing up was done after each harvest.

3.3.3.8 Pest and Disease Management

Pseudomonas spray @ 2 per cent was given twice in the main field at two

weeks interval from planting. Timely application of plant protection chemicals were

adopted adhering to the recommendations, when pest and disease incidences were

noticed.

3.3.3.9 Harvest

Harvesting was done when the leaves matured, and the tender ones were left

to mature for later harvests.

3.4 OBSERVATIONS

Four representative plants were randomly selected from the net plot area in

each treatment leaving the border rows. The plants were labelled for recording

observations on growth and yield characters. The average values were used for

statistical analysis. The same procedure was followed for recording observations in

polyhouse and open.

3.4.1 Growth and Growth Attributes

3.4.1.1 Plant Height

Plant height was taken from the base to the growing tip of the observation

plants at 15 days interval until final harvest and the mean height computed and

expressed in cm.

3.4.1.2 Number of Leaves P/ant-'

The number of leaves plant"' was counted before each harvest and average

was worked out.

3.4.1.3 Leaf Area Index (LAI)

The leaf area was computed at each harvest using graph paper method and

LAI was worked out using the formula developed by Watson (1947)
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Plate. 1. Field view of the polyhouse crop of spinach beet

Plate.2. Fieid view of spinach beet in open field
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PIate.3.Varieties of spinach beet used in the experiment



LA! = Leaf area (cm )

Land area occupied by the plant (cm^)

3.4.2 Yield and Yield Attributes

3.4.2.1 Days to Harvest

The number of days taken for the first harvest in each treatment was

noted as the number of days to harvest.

3.4.2.2 Harvest Interval

The average number of days between two consecutive harvests were recorded

in each treatment and expressed as harvest interval.

3.4.2.3 Leaf Yield

Leaf yield plant 'and leaf yield m'^ were recorded at each harvest, summed

and expressed as total yield in g plant"' and kg m*^.

3.4.2.4 Dry Matter Production (DMP)

Three sample plants in each plot were randomly selected, uprooted, dried

under shade and then oven dried at 70 ± 5°C to constant weight and total dry matter

production expressed in g plant"'.

3.4.3 Incidence of Pest and Diseases

Observations related to the incidence of pests and diseases in the experimental

plots were noted.

3.4.4Shelf Life of Leaves

The shelf life of the harvested leaves in each treatment was assessed as the

number of days for which the freshness was retained by keeping leaf samples (5

each) under ambient condition.

3.5 PLANT ANALYSIS

3.5.1 Nutrient contents

3.5. /, IN P K content

The whole plant samples collected from each plot at maximum growth (4^

harvest stage) were sun dried and oven dried to constant weight at a temperature of
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70 ± 5®C, powdered and digested for nutrient analysis. Nitrogen content was

estimated by the modified micro kjeldhal method (Jackson, 1973), phosphorus

content was read colorimetrically using vanadomolybdo phosphoric yellow colour

method (Jackson, 1973) and potassium by flame photometry method (Jackson, 1973).

Nutrient contents were expressed as percentage.

3.5.1.2 Calcium (Ca)

The Ca content in leaves collected at fourth harvest were estimated using

Atomic Absorption Spectrophotometer (AAS) after digestion of samples using di-

acid mixture and expressed in mg kg"'

3.5.1.3 Magnesium (Mg)

The leaf samples of the fourth harvest were analysed for Mg using AAS

after digestion of samples using di-acid mixture and expressed in mg kg"'.

3.5.1.4 Iron (Fe)

The iron content in leaves of the fourth harvest was estimated using AAS after

di-acid digestion of the samples and expressed in mg kg*'.

3.5.2Nutnent Uptake

The nutrient content in the plant sample were multiplied with the total dry

matter production to work out the nutrient uptake and expressed as g plant"'.

3.5.3 Protein

The protein content in the leaves was calculated by multiplying nitrogen

content with the factor 6.25 (Simpson et ai, 1965/

3.5.4 Chlorophyll

Chlorophyll content was estimated from fresh fully opened middle leaf at the

time of fourth harvest adopting the method described by Sadasivam and Manickam

(1996) and expressed in mg g ' leaf on fresh weight basis.



3.5.5 Vitamin A

The total bete-carotene in freshly harvested leaves of the fourth harvest was

estimated as per standard procedure {Sadasivam and Manickam,1996) and expressed

inl.U.

3.5.6 Vitamin C

The vitamin C content of green leaves was estimated adopting 2, 6 -

dichlorophenol indophenol dye method (Sadasivam and Manickam,1996) and

expressed in mg 100 g ' of fresh green leaves.

3.5.7 Nitrate

The nitrate content of green leaves was estimated by method described by

Nelson et al. (1954) and expressed in percentage.

3.6 SOIL ANALYSIS

Soil samples were taken from individual plots of the experimental area in

open and polyhouse after the experiment. The samples were shade dried and sieved

through a 2 mm sieve and subjected to analyses for the chemical parameters.

3.6. / Soil properties

3.6.1.1 pH

The pH of the soil samples were determined by preparing soil solution in I:

2.5 ratio and the reading was taken using pH meter with glass electrode (Jackson,

1973).

3.6.1.2 Electrical Conductivity (EC)

Conductivity meter was used to determine EC of soil samples and expressed

as dS'm (Jackson, 1973).

3.6.1.3 Organic Carbon

The soil organic carbon content was estimated using Walkley and Black's

rapid titration method (Jackson, 1973) and expressed as percentage.
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3.6.1.4 Available Nitrogen

The available nitrogen content in soil was estimated using alkaline

permanganate method (Subbiah and Asija. 1956) and expressed in kg ha''.

3.6.1.5 Available Phosphorus

The available phosphorus content in soil was estimated by Bray colorimetric

method (Jackson, 1973) and expressed in kg ha '.

3.6.1.6 A vailable Potassium

Potassium in soil was extracted with neutral ammonium acetate and estimated

using the flame photometer (Jackson,1973). The available potassium in soil was

expressed in kg ha"'

3.7 METEOROLOGICAL PARAMETERS

The data on the meteorological parameters in the Department of Agricultural

Meteorology, College of Agriculture, Vellayani was collected and presented in

Appendix IT. The following weather parameters inside the polyhouse were recorded

everyday between 1300 and i315hoursIMT.

3.7.1 Air Temperature

The air temperature was measured with an ordinary dry bulb thermometer and

expressed in °C.

3.7.2 Soil Temperature

Soil temperature at 15 cm depth was measured with the soil thermometer and

expressed in "^C.

3.7.3 Relative humidity

Relative humidity was measured with hygrometer and expressed as

percentage

3.7.4 Light Intensity

Light intensity was recorded using the lux meter HI 97500 at crop canopy

level and expressed in Klux.



3.8 ECONOMIC ANALYSIS

Economics of cultivation was worked out for both the experiments in open as

well as polyhouse after taking into account the cost of cultivation for each treatment

and prevailing market price of spinach beet.

3.8.1 Net Income

Net income was computed for 10 m'^ area as

Net income (^10 m'^ ) = Gross income - Total cost of cultivation

3.8.2 Benefit: Cost ratio (B:Cratio)

Benefit Cost ratio = Gross income

Total expenditure

3.9 STATISTICAL ANALYSIS

Data generated from the experiment were subjected to statistical analysis

applying ANOVA technique and significance tested by 'F' test (Snedecor and

Cochran, 1975). In cases where the effects were found to be significant, critical

differences (CD) were calculated at five per cent probability levels.



Results



4. RESULTS

A field experiment was conducted in College of Agriculture Vellayani,

Thiruvananthapuram district during August- November 2015 and 2016 to assess the

suitability of spinach beet varieties under protected as well as open field conditions,

to standardize the nutrient doses and to work out the economics.

The experiment was conducted in poiyhouse and open field as two separate

experiments and the results are discussed separately.

4.1 UNDER POLYHOUSE CONDITIONS

4.1.1 Growth and Yield Attributes

4.1. /. 1 Plant height

The results on the effect of varieties, nutrient doses and their interactions on

plant height at different growth stages are presented in Table 3.

Varieties showed significant variations in plant height at all the stages of

growth until final harvest except at 45 DAT. The variety Pusa Bharathi (V2) recorded

significantly taller plants at 15, 30, 60, 75 DAT and at final harvest, while at 45

DAT, slightly higher values of 29.45 cm and 29.43 cm were recorded by variety

Trendy (V5) and Indam Kolkatta (V4) respectively.

The influence of nutrient levels was found to be significant at 15, 30, 45, 75

DAT and at final harvest. Plants were taller at the highest doses of nutrients (N3-

80:40:80 kg NPK. ha"'), a maximum of 29.54 cm at 45 DAT.

The interaction effect of varieties and nutrient doses was found to be

significant at 30, 60 and 75 DAT. The interaction V2ni at 30 DAT recorded maximum

plant height (29.63 cm) which was on a par with V3n3 (27.81 cm) and Vins (27.53

cm).
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Table 3. Effect of varieties, nutrient doses and interaction on plant height
at different growth stages in polyhouse, cm

Plant height

Treatments
15

DAT

30

DAT

45

DAT

60

DAT

75

DAT

At final

harvest

Varieties (V)

V, (All Green) 17.66 25.47 28.70 28.28 29.92 25.64

V: (Pusa Bharathi) 25.67 27.72 29.21 29.28 30.34 27.53

V3 (Punjab Green) 22.26 21.80 27.57 26.60 25.94 25.89

V4 ( Indam Kolkatta) 17.20 19.96 29.43 28.91 26.66 27.61

V5 (Trendy) 17.47 20.07 29.45 29.33 28.80 27.17

SEm(±) 0.25 0.32 0.445 0.40 0.49 0.47

CD (0.05) 0.782 0.984 - 1.218 1.496 1.462

Nutrient levels (N) kg ha"'
N| (40:20:40) 19.45 22.23 28.51 28.78 28.46 26.39

N: (60:30:60) 18.81 21.58 28.56 27.95 27.21 26.30

N., (80:40:80) 21.89 25.21 29.54 28.70 29.32 27.61

SEm (±) 0.64 0.59 0.29 0.340 0.35 0.453

CD (0.05) 1.852 1.693 0.838 1.005 -

Interactions (vn)

v,n, 16.93 24.93 27.93 27.71 30.52 24.28

Vini 14.67 23.95 28.25 27.75 29.09 25.02

vin., 21.37 27.53 29.93 29.39 30.13 27.61

v^ni 27.77 29.63 29.08 29.95 33.49 27.33

V:n2 24.23 26.32 28.83 28.63 27.72 27.05

vsnj 25.00 27.21 29.73 29.24 29.80 28.23

vjn, 20.00 19.07 26.73 26.05 24.06 25.45

V3n2 22.03 18.54 26.53 25.09 22.75 25.13

vjnj 24.73 27.81 29.45 28.65 31.00 27.10

Van I 17.40 18.37 29.18 28.80 25.30 27.43

V4n2 15.57 19.22 29.98 29.46 26.38 27.70

Van,? 18.63 22.29 29.13 28.49 28.30 27.70

vjn, 15.13 19.18 29.63 31.41 28.94 27.48

Vsn2 17.53 19.86 29.24 28.81 30.10 26.60

vjn? 19.73 21.19 29.48 27.75 27.37 27.43

SEm (±) 1.43 1.31 0.65 0.76 0.78 1.01

CD (0.05) - 3.881 - 2.253 2.302 -

DAT- Days After Transplanting
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At 60 DAT vsiij (31.41cm) and at 75 DAT V2ni (33.49 cm) recorded

significantly superior values. Interactions at 45 DAT and at final harvest were found

to be non significant.

4. L L2 Number ofLeaves Planf'

Perusal of the data on the effect of varieties, nutrient levels and their

interaction on number of leaves plant"' ( Table 4) revealed that the main effects were

significant up to 75 DAT, while the interactions showed significant variations only at

30 DAT.

The variety Punjab Green (V3) recorded higher number of leaves planf' at 15,

30 and 60 DAT and on par with Pusa Bharalhi (V2) and All Green (V|). At 45 DAT

the number of leaves planf'was significantly high in V2 (7.91 )and at 75 days, Vi

recorded the maximum number of leaves plant"' (6.2).

The leaf number plant"' was significantly higher with the highest nutrient

level (80:40:80 kg NPK ha ') and declined with the decrease in nutrient doses. The

maximum number of leaves plant"' was recorded at 45 DAT (7.44).

Among the different interactions, V3n3 (Punjab Green at 80:40:80 kg NPK ha"

') was significantly superior and registered higher mean value at 30 DAT, while the

variations in all other the stages were non significant.

The total number of leaves plant*' was significantly influenced by the varieties

and nutrient levels. Maximum number of leaves plant"' was recorded in the variety

Punjab Green (36.1) which was on a par with Pusa Bharathi (35.0). Among nutrient

levels, it was significantly higher with the highest level of NPK (35.7). The

interaction effect was not significant.

4.1.1.3 LeafArea Index (LAI)

The data on variety, nutrient levels and their interaction effects on LAI

presented in Table 5 revealed the effects to be significant at all stages of growth.



Table 4. Effect of varieties, nutrient doses and interaction on number of leaves plant"' in
polyhouse

Treatments

Number of leaves

15

DAT

30

DAT

45

DAT

60

DAT

75

DAT

At final

harvest

Total number

Varieties (V)

V,(A1I Green) 5.2 6.1 6.0 5.4 6.2 4.7 32.8

V2 (Pusa Bharathi) 5.5 6.0 7.9 5.3 5.7 4.8 35.0

Vj (Punjab Green) 5.6 6.4 7.0 6.3 5.6 5.3 36.1

V4 ( Indam Kolkatta) 4.7 5.2 6.7 5.6 5.2 4.9 32.6

V5 (Trendy) 4.7 5.0 6.3 5.7 5.0 5.1 31.8

SEm (±) 0.2 0.2 0.4 0.2 0.2 0.2 0.9

CD (0.05) 0.72 0.69 1.09 0.55 0.73 - 2.70

Nutrient levels (N) kg ha"'

N, (40:20:40) 4.8 5.6 6.2 5.4 5.7 4.9 32.4

N, (60:30:60) 5.2 5.6 6.7 5.5 5.2 4.8 32.9

Nj (80:40:80) 5.5 6.1 7.4 6.1 5.7 5.1 35.7

SEm (±) 0.2 0.1 0.2 0.2 O.I 0.2 0.5

CD (0.05) 0.45 0.41 0.63 0.47 0.41 1.41

Interactions (vn)

VlHi 4.8 6.3 5.2 5.5 7.0 4.8 32.48

Vin2 5.5 5.8 6.5 5.0 5.8 4.3 31.84

v,n3 5.3 6.2 6.3 5.8 5.8 5.0 34.08

v^n, 5.0 5.3 7.7 4.7 5.8 4.2 32.86

V2n2 5.3 6.5 7.5 4.7 5.5 4.5 34.03

VjHj 6.1 6.2 8.5 6.5 5.7 5.5 38.03

VjHi 4.8 5.7 6.5 5.7 5.5 5.2 33.51

V3n2 5.7 6.0 7.1 6.0 5.5 5.8 36.04

Vjnj 6.3 7.6 7.5 7.0 5.8 4.8 38.60

V4ni 4.5 5.2 5.5 5.7 5.3 5.0 31.49

V4n2 4.5 5.2 6.5 5.5 4.7 5.0 32.03

V4n3 5.0 5.2 8.0 5.8 5.5 4.8 34.18

vsn, 4.7 5.2 6.0 5.8 4.8 5.3 31.72

vjnj 4.7 4.5 6.0 6.0 4.5 4.5 30.35

Vsttj 4.8 5.3 7.0 5.5 5.7 5.5 33.47

SEm (±) 0.4 0.3 0.5 0.4 0.3 0.4 1.09

CD (0.05)
- 0.95 - - - - -

DAT- Days After Transplanting



Table 5. Effect of varieties, nutrient doses and interaction on Leaf Area Index (LAI)

in polyhouse

LAI

Treatments 30 DAT 45 DAT 60 DAT 75 DAT At final harvest

Varieties (V)

Vi(AII Green) 1.45 2.15 1.95 1.69 1.60

Vi (Pusa Bharathi) 1.40 2.06 1.87 1.35 1.50

V3 (Punjab Green) 1.63 2.48 2.37 1.76 1.81

V4 (Indam Kolkatta) 1.51 2.03 1.87 1.96 1.66

Vs (Trendy) 1.21 1.79 1.62 1.01 1.39

SEm (±) 0.01 0.02 0.01 0.14 0.02

CD (0.05) 0.027 0.054 0.045 0.434 0.054

Nutrient levels (N) kg ha"'
N, (40:20:40) 1.23 1.84 1.67 1.28 1.34

N. (60:30:60) 1.43 2.12 1.81 1.42 1.52

N, (80:40:80) 1.66 2.34 2.33 1.97 1.92

SEm (±) 0.01 0.02 0.02 0.11 0.01

CD (0.05) 0.021 0.048 0.044 0.308 0.038

Interactions (vn)

v,n, 1.27 1.85 1.54 1.60 1.30

Vin2 1.32 2.04 1.70 1.26 1.38

v,nj 1.76 2.56 2.62 2.20 2.12

V2n, 1.26 1.82 1.68 0.82 1.36

vinz 1.33 2.10 1.82 1.49 1.46

vjnj 1.62 2.25 2.10 1.74 1.67

VaHi 1.35 2.16 2.11 0.84 1.54

V3n2 1.55 2.66 2.25 1.68 1.70

Vans 1.98 2.62 2.75 2.77 2.20

V4n, 1.38 1.84 1.68 2.49 1.47

V4n2 1.57 2.12 1.82 1.75 1.68

V4n3 1.57 2.14 2.12 1.63 1.82

VsHi 0.88 1.54 1.36 0.63 1.04

VsHi 1.38 1.70 1.46 0.92 1.38

Vsn3 1.37 2.13 2.04 1.49 1.77

SEm (±) 0.02 0.04 0.03 0.24 0.03

CD (0.05) 0.049 0.110 0.102 0.705 0.088

DAP- Days After Transplanting



LAI was significantly superior in Punjab Green (V3) at all stages except at 75

DAT wherein Indam Kolkatta recorded higher value (1.96). LAI of Trendy (V5) was

found to be the lowest at all the stages.

Increasing the nutrient doses was found to increase the LAI of the plant at all

stages, the order being N2> Ni. LAI was significantly superior in N3 compared to

the other levels.

The interaction effect of Punjab Green at 80:40:80 kg NPK ha ' (vjns) was

significantly superior and recorded the highest LAI during the different stages of

growth. It was on par with V|n3 at 45 and 75 DAT.

4.1.1.4 Days to Harvest

Table 6 depicts the effect of varieties, nutrient doses and their interactions on

days to each harvest and crop duration of spinach beet in polyhouse .

Varieties varied in the number of days taken for harvest. Punjab Green leaves

were ready for harvest earlier while Pusa Bharathi was late. The crop duration

ranged from 88.33 days (Punjab Green) to 90.47 days (Pusa Bharathi). The four

varieties Vi, V3, V4 and V5 were on par with respect to crop duration.

There was no variation in the crop duration due to the different levels of

nutrients while interactions were significant for the number of days taken for the third

harvest and final harvest. Early harvest was observed in the interaction V3n3 under

both situations. The crop duration was found the lowest in V5n2 (85.92 days) and

longest in V2n3 (91.42 days).

4.1.1.5 Harvesting Interval

The main effects and interaction effects on harvesting interval are shown in

Table 7.

The number of days to the first harvest varied with varieties. Punjab Green,

All Green and Indam Kolkatta came to harvest early (27.3, 27.4, 27.8 days

respectively). Trendy and Pusa Bharathi took significantly higher number of days

compared to Punjab Green. Although significant fluctuations were noted in the

\oO



Table 6. Effect of varieties, nutrient doses and interaction on days to harvest and

crop duration under polyhouse condition

Days to harvest

Treatments First
1

Second Third
„  . Crop Duration
Fourth .

(days)

Varieties (V)

Vi(AIl Green) 27.41 43.03 57.33 71.81 88.58

Vj (Pusa Bharathi) 29.17 44.06 59.67 73.39 90.47

V3 (Punjab Green) 27.33 41.00 56.33 71.33 88.33

V4 (Indam Kolkatta) 27.83 42.33 56.54 71.79 88.52

V5 (Trendy) 28.29 43.34 58.86 73.84 89.06

SEm (i) 0.23 0.35 0.34 0.39 0.38

CD (0.05) 0.721 1.073 1.052 1.201 1.172

Nutrient levels (N) kg ha"'

N, (40:20:40) 27.42 42.04 57.20 71.84 88.40

N2 (60:30:60) 28.29 43.14 57.88 72.54 88.98

Nj (80:40:80) 28.31 43.08 58.16 72.92 89.60

SEm (±) 0.30 0.35 0.32 0.33 0.35

CD (0.05) -
-

Interactions (vn)

v,nj 28.00 43.00 57.00 71.77 89.00

Vin2 28.00 44.00 58.00 72.00 88.00

vin3 26.23 42.10 57.00 71.66 88.75

Van, 28.00 42.00 58.00 73.00 90.00

Vans 29.07 44.25 60.00 73.32 90.00

Van, 30.45 45.94 61.00 73.85 91.42

Vjn, 27.00 40.00 55.00 69.00 86.00

Vsna 27.00 41.00 56.00 72.00 90.00

28.00 42.00 58.00 73.00 89.00

V4ni 27.08 42.19 58.00 72.00 88.00

V4n2 28.39 43.31 56.40 72.36 91.00

¥403 28.00 41.48 55.22 71.00 86.55

vsn. 27.00 43.00 58.00 73.45 89.00

vsna 29.00 43.13 59.00 73.00 85.92

vjnj 28.87 43.88 59.59 75.07 92.27

SEm (±) 0.67 0.78 0.71 0.74 0.78

CD (0.05) - - 2.121 - 2.317
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Table 7. Effect of varieties, nutrient doses and interactions on harvesting interval in
polyhouse, days

Harvesting interval

Treatments First Second Third Fourth Final harvest

Varieties (V)

Vi(AI[ Green) 27.41 15.08 14.67 14.67 16.33

Vi (Pusa Bharathi) 29.17 15.35 15.00 14.67 16.33

V3 (Punjab Green) 27.33 14.06 15.33 15.00 17.00

V4 (Indam Kolkatta) 27.83 14.72 14.53 14.80 16.45

Vj (Trendy) 28.29 15.45 15.03 15.43 15.16

SEm (±) 0.23 0.09 0.14 0.14 0.17

CD (0.05) 0.721 0.282 0.441 0.442 0.524

Nutrient levels (N) kg ha"'

N| (40:20:40) 27.42 15.03 14.88 14.80 16.40

N. (60:30:60) 28.29 15.03 14.72 14.80 16.36

Nj (80:40:80) 28.31 14.73 15.14 15.14 16.00

SEm (±) 0.30 0.17 0.15 0.13 0.12

CD (0.05)

Interactions (vn)

v,n, 28.00 15.00 14.00 15.00
17.00

Vini 28.00 16.00 14.00 14.00 16.00

V|n3 26.23 14.25 16.00 15.00 16.00

v^ni 28.00 15.04 16.00 15.00 17.00

29.07 15.00 15.00 14.00 16.00

vjnj 30.45 16.00 14.00 15.00 16.00

vjn, 27.00 14.32 15.00 14.00 17.00

vjnj 27.00 13.87 15.00 16.00 18.00

VlHs 28.00 14.00 16.00 15.00 16.00

V4n, 27.08 15.00 15.00 14.00 16.00

V4n2 28.39 15.00 14.58 16.00 16.34

V4n3 28.00 14.16 14.00 14.39 17.00

vsn, 27.00 15.80 14.38 16.00 15.00

VsHj 29.00 15.30 15.00 14.00 15.48

vsna 28.87 15.25 15.70 16.29 15.00

SEm (±) 0.67 0.39 0.33 1 0.30 0.27

CD (0.05) - -  1 0.98! 1 0.882 0.807
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number of days for subsequent harvests in the different varieties, the harvesting

interval for third and fourth harvest ranged between 14.1 and 15.3 days while the

harvest interval for the final cutting was 17 days in Punjab Green.

Interaction effect was significant for the harvesting interval in the third, fourth

and fifth harvests. The harvesting interval in vsns was the highest for the fourth

harvest (16.3 days) and V3n2 for the final harvest (18.0 days).

4.1. L6 Leaf Yieldplanf^

Perusal of data on the effect of varieties, nutrient levels and their interactions

on leaf yield plant ' (TableS) revealed significant variations with the factors and

interactions. The variety Punjab Green (V3) produced the highest yield of 83.31 g

plant*', significantly superior to the other varieties. Indam Kolkatta (V4) recorded

76.71 g fresh leaves plant"' and All Green (V)), 76.70 g plant"'. The lowest yield was

recorded in Trendy (68.48 g plant ').

Maximum and significantly superior yield plant*' (80.70 g) was recorded by

the nutrient level N3 (80:40:80 kg NPK ha"'). The leaf yields were lower with the

lower levels of nutrients.

Interactions of varieties and nutrient levels influenced leaf yield plant*'

significantly. Interaction vin3recorded significantly higher yield (88.24 g plant"') on a

par with {^6.27 g plant"').

4.1.1.7 Leaf Yield m'^

Table 8 illustrates the significant influence of varieties, nutrient doses and

their interactions on leaf yield m"*

The variety Punjab Green (V|) recorded the highest yield (4.78 kg m*^) which

was significantly superior to all other varieties. All Green (V|) recorded the second

highest yield of 4.56 kg m"^. The variety Trendy recorded the lowest yield (4.07 kg

m" ) and was significantly inferior.



Table 8. Effect of varieties, nutrient doses and interaction on leaf yield in polyhouse

Leaf yield

Treatments (g plant') (kg m"^)
Varieties (V)

Vi(All Green) 76.70 4.56

Vi (Pusa Bharathi) 74.47 4.37

V3 (Punjab Green) 83.31 4.78

V4 (Indam Kolkatta) 76.71 4.49

V5 (Trendy) 68.48 4.07

SEm (±) 0.41 0.06

CD (0.05) 1.27 0.176

Nutrient levels (N) kg ha"'

N, (40:20:40) 70.99 4.21

Nj (60:30:60) 76.10 4.46

N3 (80:40:80) 80.70 4.70

SEm (±) 0.33 0.03

CD (0.05) 0.96 0.099

Interactions (vn)

v,ni 66.54 4.11

VlHi 75.34 4.51

V|n3 88.24 5.06

v^ni 72.84 4.29

VzHi 75.22 4.38

V2n3 75.34 4.44

vjn, 80.77 4.58

VjHz 82.88 4.76

V3n3 86.27 5.01

V4n, 72.23 4.26

V4n2 75.63 4.44

V4n3 82.27 4.76

vsni 62.60 3.79

vsn2 71.45 4.18

VsHs 71.38 4.24

SEm (±) 0.74 0.08

CD (0.05) 2.20 0.227



Among the different nutrients doses the highest dose of NPK (N3) recorded

the maximum yield (4.70 kg m"^) and was significantly higher than N2 (4.46 kg m'^)

and Ni (4.21 kg m"^).

The interaction vma (All Green at 80:40:80 kg NPK ha"') recorded the highest

yield (5.06 kg m'^) which was on a par with interaction V3n3 (Punjab Green at

80:40:80 kg NPK ha ')which showed a yield of 5.01 kg m'^. The interaction Vsni

(Trendy at 40:20:40 kg NPK ha"' ) recorded the significantly lowest yield (3.79 kg

m-2).

In all the spinach beet varieties, combination with the highest level (Nsjwas

found to be the best, the yield being in the order Punjab Green > All Green

>IndamKolkatta>PusaBharathi> Trendy.

4.1.2 Nutrient Content

The data on nutrient contents in the plant as influenced by the varieties,

nutrient levels and their interactions are given in Table 9 and 10 respectively.

4.L2.1 Nitrogen (N)

Varietal effect on plant nitrogen content was found to be significant. The

variety Punjab Green (V3) showed the highest nitrogen content (3.79%) and the

lowest (3.50%) was recorded by Trendy (V5).

Nitrogen content was significantly high (3.86%) in N3 and declined with

lowered doses and the lowest nutrient dose resulted in the lowest nitrogen (3.41 % ).

Interaction effect was found to be significant. The interactions V3n3 resulted

superior values (4.12 %) and the lowest value was recorded by the interaction, vsUi

(3.32%).

4.1.2.2 Phosphorus (P)

Phosphorus content was significantly high in Punjab Green (1.84 %) and

among nutrient levels, N3 recorded the highest P (1.23 %) and Ni, the lowest (1.18 %)
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Table 9. Effect of varieties, nutrient doses and interaction on plant NPK content (%

in polyhouse grown spinach beet

Treatments N P K

Varieties (V)

Vi (All Green) 3.59 1.15 4.70

Vi (Pusa Bharathi) 3.63 1.23 4.29

V3 (Punjab Green) 3.79 1.84 4.93

V4 (Indam Kolkatta) 3.60 1.00 4.32

V5(Trendy) 3.50 0.81 4.44

SEm (±) 0.02 0.01 0.03

CD (0.05) 0.046 0.017 0.085

Nutrient levels (N) kg ha"'

N, (40:20:40) 3.41 1.18 3.60

N2 (60:30:60) 3.60 1.22 4.87

N3 (80:40:80) 3.86 1.23 5.15

SEm (±) 0.01 0.01 0.02

CD (0.05) 0.041 0.018 0.063

Interactions (vn)

vin, 3.38 1.09 3.60

VlH; 3.48 1.18 5.12

viHa 3.90 1.18 5.39

vani 3.42 1.22 2.76

V2n2 3.62 1.22 4.87

V2n3 3.84 1.24 5.24

vjni 3.50 1.80 4.58

VjHs 3.74 1.82 5.00

VsHs 4.12 1.90 5.23

V4n, 3.41 1.03 3.52

V4n2 3.69 1.06 4.54

V4n3 3.69 0.92 4.89

Vs"! 3.32 0.73 3.54

V5n2 3.45 0.80 4.80

vsn3 3.74 0.89 4.98

SEm (±) 0.03 0.01 0.05

CD (0.05) 0.093 0.042 0.145

V<»
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Interaction effect was also significant. The interaction vsnj (Punjab Green at

80:40:80 kg NPK ha"') had maximum P (1.90 %) and was on a par with V3n2 (Punjab

Green at 60:30:60 kg NPK ha"') which recorded 1.82 % P.

4.1.2.3 Potassium (K)

Varieties varied significantly in K content and among them, Punjab Green

{V3) showed maximum content (4.93%) and Pusa Bharathi (V2), the lowest (4.29%).

Nutrient levels significantly influenced K content. N3 showed the highest

content (5.15%), significantly greater than N2 (4.87%) and Ni (3.60 %).

All Green at the highest NPK dose recorded the significantly highest K

content (5.39 %) which was on a par with V2n3 (5.24%) and Vsns (5.23%) and the

lowest (2.76 %) was registered in the combination V2ni(All Green at 40:20:40 kg

NPK ha ').

4.1.2.4 Iron (Fe)

Variation in Fe content in spinach beet as influenced by varieties, nutrient

levels and interactions are shown in Table 10.

The Fe content varied significantly with the varieties. Punjab Green showed

the highest Fe content (0.63 mg kg"') on a par with Pusa Bharathi (0.62 mg kg"' ) and

All Green (0.60 mg kg"' ). Trendy recorded significantly lower values (0.54 mg kg*')

The nutrient dose, N2 (60:30:60 kg NPK ha"') recorded the highest Fe content

(0.66 mg kg ') and was significantly superior to other nutrient levels.

Interaction effect of varieties and different nutrients levels was found to be

significant The variety PusaBharathi (V2) in combination with N2 ( 60:30:60 kg NPK

ha"') recorded maximum Fe content (0.68 mg kg"' ) and on a par with V4n2, v,n2, V3n2,

V5n2,V3n3, V5n3,V|n3, V2n3 and V3ni.

4.1.2.5 Calcium (Ca)

The significant influence of varieties, nutrient levels and interactions on

calcium content in spinach beet are presented in Table 10.

v?r
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Table 10. Effect of varieties, nutrient doses and interaction on iron (Fe), calcium
(Ca) and magnesium (Mg) content mg kg ' in spinach beet grown in polyhouse

Treatments Fe Ca Mg
Varieties (V)

V) (All Green) 0.60 0.61 0.19

Vi (Pusa Bharathi) 0.62 0.44 0.17

V3 (Punjab Green) 0.63 0.55 0.18

V4 (Indam Kolkatta) 0.52 0.36 0.16

Vs(Trendy) 0.54 0.53 0.15

SEm (±) 0.002 0.003 0.004

CD (0.05) 0.062 0.010 0.014

Nutrient levels 0^) kg ha''

N, (40:20:40) 0.49 0.40 0.14

N2 (60:30:60) 0.66 0.54 0.17

N3 (80:40:80) 0.59 0.56 0,21

SEm (±) 0.01 0.004 0.003

CD (0.05) 0.043 0.011 0.008

Interactions (vn)

v,n, 0.54 0.57 0.16

Vin2 0.66 0.63 0.17

vinj 0.62 0.64 0.23

vjn. 0.53 0.23 0.13

vjnj 0.68 0.66 0.16

vjns 0.60 0.44 0.23

vjn, 0.60 0.59 0.14

V3n2 0.64 0.43 0.17

vjnj 0.67 0.64 0.22

V4n, 0.47 0.19 0.12

V4n2 0.68 0.43 0.18

V4n3 0.46 0.46 0.20

VsHi 0.33 0.42 0.14

V5n2 0.66 0.54 0.15

Vsn3 0.63 0.62 0.16

SEm (±) 0.03 0.009 0.006

CD (0.05) 0.0978 0.026 0.019



The effect of varieties on Ca content was significant. All Green showed the

highest content (0.61 mg kg ') and Indam Kolkatta recorded the lowest content (0.36

mg kg').

Calcium content varied significantly with the nutrient doses applied. N3

recorded the highest Ca content (0.56 mg kg ') and was significantly superior to other

doses. Lower doses recorded lower Ca content.

Interaction effect of varieties and nutrient levels was found to be significant.

The variety V2 (Pusa Bharathi) in combination with N2 (60:30:60 kg NPK ha"' )

recorded maximum Ca content of 0.66 mg kg ' and on a par with interactions vius,

V3n3 and vin3 which recorded 0.64, 0.64 and 0.63 mg kg"'Ca respectively.

4.1.2.6 Magnesium (Mg)

Variations in magnesium content in spinach beet as influenced by the

varieties, nutrient levels and interactions are shown in Table 10.

The effect of varieties on Mg content was significant with the variety All

Green (V|) recording the highest value (0.19 mg kg ') followed by the variety Punjab

Green (V3), 0.18 mg kg '.

Among nutrient levels, N3 (80:40:80 kg NPK ha"' ) recorded maximum value

(0.21 mg kg '), significantly higher than N2, 0.17 mg kg ' and Ni, 0.14 mg kg '

Interaction effect of varieties and nutrient levels was found to be significant.

Mg content in the combination with v 103 was maximum (0.23 mg kg"' ) and the

lowest V4nt( 0.12 mg kg"').

4.1.3 Shelflife

The influence of varieties, nutrient levels and their interaction on shelflife of

spinach beet leaves under ambient condition are shown in Table 1 1.

Varieties and nutrient doses did not influence the shelf life of the harvested

leaves significantly, but interaction effect was found to be significant.



Leaves harvested in the treatment combination vsns (Punjab Green at 80:40:80

kg NPK ha"') recorded highest shelf life of 2.74 days. The shelf life was lowest

(1.36 days ) for the interaction V3n2 (Punjab Green at 60:30:60 kg NPK ha"').

4.1.4 Chlorophyll

The effect of varieties, nutrient doses and interaction on chlorophyll content

of spinach beet were significant (Table 11).

Chlorophyll content in the varieties were significantly different. Punjab Green

(V3) showed maximum chlorophyll content (0.34 mg g"'), which was significantly

superior to all other varieties. The content was lowest in IndamKolkatta (0.21 mg g"')

Nutrient levels significantly influenced the chlorophyll content, N3 showed

maximum chlorophyll content (0.31 mg g"') which was superior than that recorded

with the other two nutrient levels Ni ( 0.21 mg g"') and N2 (0.24 mg g"').

The interaction effect was also significant. The combination of Punjab Green

at N3 showed maximum content of 0.43 mg g"', significantly superior to all other

interactions. This was followed by the interaction V3n2 (0.35 mg g"').

4.1.5 Protein

The variations in the protein content in spinach beet as influenced by

varieties, nutrient doses and interactions are given in Table 11.

The varietal influence on protein content was significant with Punjab Green

recording the maximum protein content (23.78 %) followed by Pusa Bharathi (22.66

%) and Indam Kolkatta (22.44 %), where the latter recorded on a par value with

Trendy (21.68%).

The nutrient levels also significantly influenced the protein content. The

highest dose (N3) recorded a protein content of 23.81 per cent that was significantly

superior to the other two nutrient doses.

The interaction effect was non significant.
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Table 11. Effect of varieties, nutrient doses and interaction on shelf life, total

chlorophyll and protein content in spinach beet grown in polyhouse

Treatments
Shelflife Chlorophyll Protein

(days) (mg g') (%)

Varieties (V)

V| (AH Green) 1.61 0.28 22.14

V2 (Pusa Bharathi) i.85 0.22 22.66

Vj (Punjab Green) 2.03 0.34 23.78

V4 (Indam Kolkatta) 1.75 0.21 22.44

V5 (Trendy) 1.93 0.23 21.68

SEm (±) 0.15 0.002 0.178

CD (0.05) 0.007 0.549

Nutrient levels (N) kg ha"'
N, (40:20:40) 1.81 0.21 21.27

N; (60:30:60) 1.73 0.24 22.53

N3 (80:40:80) 1.96 0.31 23.81

SEm (±) 0.10 0.001 0.183

CD (0.05) - 0.004 0.529

Interactions (vn)

v,n, 1.50 0.27 21.17

V|n2 1.68 0.26 21.35

v,n3 1.65 0.3! 23.9

V2ni 1.63 0.18 21.27

V2n2 1.99 0.2 22.85

vjnj 1.95 0.27 23.86

vjni 2.00 0.24 22.11

V3n2 1.36 0.35 23.7

V3n3 2.74 0.43 25.54

V4ni 1.60 0.18 21.26

V4n2 1.88 0.19 22.97

V4n3 1.77 0.27 23.08

vsni 2.34 0.21 20.54

vsnj 1.75 0.22 21.8

vsns 1.69 0.28 22.69

SEm (±) 0.22 0.003 0.409

CD (0.05) 0.661 0.008 -



4-1.6 Dry Matter Production (DM?)

The variations in DMP as influenced by varieties, nutrient doses and their

interactions are shown in Table 12.

The effects were significant for the varieties with Punjab Green (V3)

recording the significantly highest dry matter production of 37.22 g plant ', followed

by All Green (31.34 g plant"') and Trendy, the lowest (24.40 g plant"').

Among nutrient levels, the significantly highest DMP was observed in N3

(30.40 g plant"') followed by N2 (28.65 g plant"') and N| (26.96 g plant"').

Interaction effects were non significant.

4.1.7 Uptake ofNPK

The results on the effect of varieties, nutrient doses and their interaction on

uptake of nutrients are depicted in Table 12.

The nutrient uptake plant"' was significantly high in Punjab Green (1.41 g N,

0.43 g P and 1.84 g K) followed by All Green (1.13 gN, 0.36 g P and 1.49 g K ). The

nutrient uptake was lowest in Trendy (0.47 g N, 0.20 g P and 1.09 g K).

Nutrient levels influenced the uptake significantly. The uptake of N, P and

K,each followed the order N3>N2>N \.

The interaction effect was also significant with Vsns (Punjab Green at

80:40:80 kg NPK ha ') registering the significantly highest uptake (1.61 g N, 0.46 g P

and 2.04 gK).

4-1.8 Vitamin C

Variations in vitamin C content as influenced by varieties, nutrient levels and

interactions are presented in Table 13.

Vitamin C content of the varieties varied significantly and Pusa Bharathi

showed the significantly highest value (24.47 mg 100 g"') on a par with Punjab Green

(22.81 mg 100 g"').

Significant differences were observed in vitamin C content with the different

levels of nutrients. N3 recorded the highest vitamin C (25.12 mg 100 g"') which was



Table 12. Effect of varieties, nutrient doses and interaction on dry matter production

and NPK uptake in spinach beet grown in poly house, g plant '

Treatments DMP N uptake P uptake K uptake

Varieties (V)
V] (All Green) 31.34 1.13 0.36 1.49
Vj (Pusa Bharathi) 25.45 0.93 0.31 1.11

Vj (Punjab Green) 37.22 1.41 0.43 1.84

V4 ( Indam Kolkatta) 24.95 0.70 0.25 1.09

V5 (Trendy) 24.40 0.47 0.20 1.09

SEm (±) 0.28 0.01 0.003 0.02

CD (0.05) 0.873 0.034 0.008 0.051

Nutrient levels (N) kg ha"'

N| (40:20:40) 26.96 0.80 0.28 0.99

N, (60:30:60) 28.65 0.91 0.31 1.40

Nj (80:40:80) 30.4 1.07 0.33 1.57

SEm (±) 0.17 0.006 0.002 0.012

CD (0.05) 0.478 0.017 0.007 0.033

Interactions (vn)

vin, 29.44 1.00 0.32 1.06

Vin2 31.10 1.08 0.37 1.59

v,n3 33.47 1.31 0.39 1.81

vjni 23.24 0.80 0.28 0.64

v-.n-. 25.50 0.92 0.31 1.24

V2n3 27.60 1.06 0.34 1.45

vjn, 35.61 1.25 0.40 1.63

vsHz 37.00 1.38 0.43 1.85

V3nj 39.04 1.61 0.46 2.04

V4ni 23.24 0.59 0.24 0.82

V4n2 24.94 0.71 0.26 1.13

V4n3 26.68 0.80 0.25 1.31

vsn, 23.24 0.38 0.17 0.82

VsO: 24.73 0.46 0.20 1.19

vjnj 25.22 0.58 0.22 1.26

SEm (±) 0.37 0.01 0.01 0.03

CD (0.05) - 0.038 0.015 0.076



Table 13. Effect of varieties, nutrient doses and interactions on vitamin C, vitamin A

and nitrate content of spinach beet in polyhouse

Treatments
Vitamin C

(mg 100 g')
Vitamin A

(lU)

Nitrate content

(%)
Varieties (V)

Vi (AH Green) 19.66 18.60 0.106

V; (Pusa Bharathi) 24.47 16.93 0.107

V3 (Punjab Green) 22.81 19.69 0.106

V4 (Indam Kolkatta) 19.05 17.46 0.105

V5 (Trendy) 19.94 15.30 0.104

SEm (±) 0.81 0.93 0.001

CD (0.05) 2.501 -

Nutrient levels (N) kg ha"'

N, (40:20:40) 16.62 16.80 0.105

N, (60:30:60) 21.82 17.56 0.105

N3 (80:40:80) 25.12 18.43 0.107

SEm (±) 0.74 0.75 0.001

CD (0.05) 2.128 -

Interactions (vn)

v,ni 14.31 17.19 0.105

v,n2 19.92 17.87 0.105

ViHj 24.74 20.72 0.109

VltXi 19.87 17.65 0.106

vjna 27.84 16.37 0.105

V2n3 25.71 16.79 0.110

Van, 16.81 17.60 0.105

VsHj 21.19 21.65 0.104

vjnj 30.43 19.82 0.109

V4n, 14.67 15.72 0.105

>■402 19.26 18.66 0.107

V4n3 23.23 18.01 0.105

vjn, 17.46 15.83 0.103

C

>

20.86 13.27 0.105

VsHs 21.56 16.80 0.104

SEm(±) 1.65 1.67 0.002

CD (0.05) - - -



significantly superior to other doses. Interaction effect was found to be non

significant.

4.1.9 Vitamin A

Vitamin A content in spinach beet grown in polyhouse did not record any

significant variation with the varieties and nutrient levels. Interaction effect was also

non significant (Table 13)

4.1.10 Nitrate content

The effects of varieties, nutrient levels and their interaction on the nitrate

content were found to be non significant (Table 13).

4.1.11 Soil Properties

The effects of varieties, nutrient doses and their interactions on soil chemical

properties after the experimentation are shown in Table 14 and 15.

4J.JI.I SoilpH

The data on soil pH in Table 14 revealed that the varietal influence on pH

was not significant. However, the nutrient levels were found to influence the pH

significantly. The higher nutrient levels recorded higher values; N3 recorded 5.34

and remained at par with N2 ( 5.33).

The interaction effects were non significant.

4.1.11.2 Electrical Conductivity (EC)

The data on electrical conductivity of soil as influenced by varieties, nutrient

levels and their interaction are presented in Table 14 and these were found to be non

significant.

4.1.11.3 Organic carbon

The data pertaining to the variations in organic carbon content in soil

furnished in Table 14 indicated that the effects were non significant.



Table 14. Effect of varieties, nutrient doses and interactions on soil pH, electrical
conductivity and organic carbon in polyhouse

Treatments Soil pH
Electrical Conductivity

(dSm-')
Organic Carbon

(%)
Varieties (V)

V, (All Green) 5.22 0.18 0.34

V2 (Pusa Bharathi) 5.22 0.31 0.38

V3 (Punjab Green) 5.21 0.14 0.44

V4 (Indam Kolkatta) 5.36 0.18 0.40

Vs (Trendy) 5.35 0.27 0.46

SEm (±) 0.07 0.05 0.04

CD (0.05) - _

Nutrient levels (N) kg ha '

N, (40:20:40) 5.15 0.17 0.46

N3 (60:30:60) 5.33 0.18 0.39

N3 (80:40:80) 5.34 0.28 0.36

SEm (±) 0.05 0.04 0.03

CD (0.05) 0.137 - _

Interactions (vn)

v,ni 5.15 0.14 0.41

v,n2 5.40 0.26 0.30

VlTli 5.11 0.13 0.30

vjn, 5.07 0.14 0.46

V2TI2 5.18 0.19 0.45

vjnj 5.42 0.62 0.22

vjn, 5.13 0.14 0.46

Vjni 5.28 0.14 0.50

VjHs 5.22 0.14 0.38

V4ni 5.15 0.24 0.48

V4n2 5.34 0.13 0.30

vjnj 5.58 0.17 0.42

VsHi 5.27 0.26 0.48

v$n2 5.42 0.17 0.40

VjHj 5.35 0.37 0.50

SEm (±) O.Il 0.09 0.06

CD (0.05) - - .



4.LII.4 Available Nitrogen

The varietal effect on available nitrogen content in soil after the experiment

was found to be non significant (Table 15).

Among the nutrient doses, N3 (80:40:80 kg NPK ha"') recorded significantly

higher status of available nitrogen content in soil (204.35 kg ha"') followed by

N2(194.64 kg ha"').

The interaction effect was non significant.

4.1.11. 5 Available Phosphorus

The changes in available phosphorus content in soil with the varieties were

found to be non significant.

Among the nutrient doses, N3 recorded significantly superior status of

available P (102.94 kg ha ') followed by N2 (99.17 kg ha') and the least byNi

(93.52 kg ha' ).

The interaction effect was non significant.

4.1.11.6 A vailable potassium

The effect of varieties on available potassium content in soil after the

experiment was non significant, while that of the nutrient levels were significant.

Among nutrient doses, N3recorded the maximum value (343.28 kg ha"') and least

soil K was recorded by N| (276.89 kg ha"').

The interaction effect was non significant.

4.1.12 Microclimate

The variations in the microclimate (temperature, relative humidity, light

intensity and soil temperature) are presented graphically (Fig.4) and Appendix 111.

The air temperature inside the polyhouse ranged from 31.4to 33.5*^0 while soil

temperature revealed maximum value of 31®C. The relative humidity recorded ranged

between 90 and 95 per cent during the cropping period Light intensity measured

during noon ranged between 31.1 and 54.4 Klux during the cropping period.
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Table 15. Effect of varieties, nutrient doses and interactions on soil available N, P

and K status kg ha"' under polyhouse condition

Treatments Available N Available P Available K

Varieties (V)

V, (Al! Green) 195.77 95.58 341.98

Vt (Pusa Bharathi) 189.23 93.30 305.91

V3 (Punjab Green) 191.96 104.88 339.27

V4 (Indam Kolkatta) 190.25 96.53 289.52

V5 (Trendy) 202.43 102.43 308.25

SEm (±) 3.92 2.88 12.93

CD (0.05) • -

Nutrient levels (N) kg ha"'

Ni (40:20:40) 182.80 93.52 276.89

N; (60:30:60) 194.64 99.17 330.79

N3 (80:40:80) 204.35 102.94 343.28

SEm (±) 2.18 1.47 10.97

CD (0.05) 6.301 4.251 31.682

Interactions (vn)

ViHi 189.44 89.76 334.91

Vin2 198.12 95.72 353.49

ViHj 199.77 101.27 337.52

vjni 176.46 87.56 252.83

V2n2 191.48 90.75 374.94

VzHj 199.75 101.58 289.96

vjn. 174.52 99.82 326.64

vjnj 186.84 108.66 355.12

vsnj 214.52 106.15 336.06

V4ni 179.22 93.00 214.07

V4n2 187.97 96.67 317.08

V4n3 203.56 99.91 337.41

VsHi 194.38 97.47 255.99

V5n2 208.77 104.03 315.78

Vsn3 204.14 105.77 352.99

SEm (±) 4.87 3.29 24.53

CD (0.05) - - -



4.1.13 Economic Analysis

4.1.12.1 Net Income

The net income realized with the cultivation in 10 m^area is presented in

Table 16. Perusal of data showed that Punjab Green (V3) recorded the highest net

income (^881.59 )and was significantly superior to other varieties.

Among the nutrient levels, N3 recorded the significantly highest net income

(?835.54 )among the three levels.

Varieties x nutrient level interaction effects revealed that the interaction,vms,

/£., All Green combination with 80:40:80 kg NPK ha ', recorded the highest net

income (?1045.29) but on a par with Punjab Green at 80:40:80 kg NPK ha"'

1015.45). The lowest income was registered by vsni,/^., Trendy at 40:20:40 kg NPK

ha-'(^450.04).

4.1.12.2 Benefit: Cost Ratio (B:C ratio)

The data on B :C ratio as influenced by varieties, nutrient levels and their

interaction are presented in Table 16.

Among the different varieties, Punjab Green (V3) registered the highest B:C

ratio of 1.44 and was on a par with All Green (V|) that recorded a value of 1.38; but,

significantly superior to all other varieties.

The effect of nutrient levels was found to be significant and among the

nutrient levels, N3 (80:40:80 kg NPK ha"') recorded superior value (1.42) compared

to N2and N|( 1.33 and 1.27 respectively).

Interaction effect of All Green (Vi) at 80:40:80 kg NPK ha 'fN.i) resulted in

significantly superior B: C ratio (1.52) which was on a par with Punjab Green (V3) at

N3Combination (1.51).

4.2 UNDER OPEN CONDITIONS

4.2.1 Growth and Yield attributes



Table 16. Effect of varieties, nutrient levels and interactions on net income and B:C

ratio in polyhouse cultivation of spinach beet

Treatments Net income (K 10m"') B:C ratio

Varieties (V)

Vi{Aj| Green) 748.52 1.38

V2 (Pusa Bharathi) 635.21 1.32

V3 (Punjab Green) 881.59 1.44

V4 (Indam Kolkatta) 671.86 1.33

V5 (Trendy) 450.04 1.22

SEm (±) 34.27 0.02

CD (0.05) 105.597 0.053

Nutrient levels (N) (kg ha"')

N, (40:20:40) 531.03 1.27

Nj (60:30:60) 665.76 1.33

Nj (80:40:80) 835.54 1.42

SEm (i) 20.59 0.01

CD (0.05) 59.472 0.031

Interactions (vn)

vin. 480.74 1.24

vinj 719.52 1.36

v,n3 1045.29 1.52

V2ni 589.49 1.30

V2n2 640.78 1.32

v^nj 675.37 1.34

vjn, 764.11 1.38

vjn2 865.20 1.44

V3n3 1015.45 1.51

V4ni 535.52 1.27

V4n2 646.29 1.32

V4n3 833.79 1.41

VsHl 285.32 1.14

V5n2 456.99 1.22

VjHs 607.83 1.30

SEm (±) 46.04 0.02

CD (0.05) 136.287 0.068
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4.2.1.1 Plant Height

The mean data on the effect of varieties, nutrient levels and their interactions

on plant height of spinach beet cultivated in the open field are shown in Table 17.

Varieties showed significant variations in plant height at the different stages

of growth upto final harvest, except at 60 DAT. Pusa Bharathi recorded significantly

taller plants in the early stages, 15 and 30 DAT (21.28 and 24.60 cm respectively)

and All Green at 45DAT (26.42 cm) and at final harvest (24.18 cm).

The influence of nutrient levels was found to be significant at 15, 30, 45 DAT

and at harvest. The highest dose N3 (80:40:80 kg NPK ha"'), resulted in taller plants

and the shortest plants were noticed in N| (40:20:40 kg NPK ha"'). Although non

significant at 60 DAT, the plant height was the highest in N3 treatment.

The interaction effect of varieties and nutrient levels was found to be

significant only at 45 DAT. Maximum plant height was recorded in Vini (29.40 cm)

on par with vsna (27.08 cm) and significantly superior to other interactions at this

stage.

4.2.1.2 Number of Leaves Planf'

The data on the effect of varieties, nutrient levels and their interaction on

number of leaves planf' (Table 18) revealed that the varieties had significant

influence at 30 and 60 DAT, while it remained non significant at 15, 45 DAT and at

final harvest.

The total number of leaves planf' was the highest in All Green (27.1) and

significantly superior to all other varieties.

The effect of nutrient levels was significant at 15 and 45 DAT. The leaf

number planf' was significantly the highest with the highest nutrient level, 80:40:80

kg NPK ha"' (26.2). The number was found to be less with the lower NPK levels.

Variations due to interaction effects in leaf number were significant only at 30

DAT. The interaction Vin3 (All Green at 80:40:80 kg NPK ha"') was significantly

superior and registered 7.06 leaves plant"' which was on a par with \2t\1 (Pusa



Table 17.EfFect of varieties, nutrient doses and interactions on plant height in open,
cm

Plant height

Treatments 15 DAT 30 DAT 45 DAT 60 DAT 1 At final harvest

Varieties (V)

V|(A][ Green) 15.18 22.31 26.42 25.23 24.18

V2 (Pusa Bharathi) 21.28 24.60 25.94 24.85 22.54

V3 (Punjab Green) 19.18 19.18 22.17 25.53 24.01

V4 (Indam Kolkatta) 15.32 17.30 23.18 24.02 22.32

Vs (Trendy) 15.47 17.05 25.48 25.47 23.98

SEm (±) 0.25 0.36 0.40 0.41 0.45

CD (0.05) 0.771 1.112 1.241 1.401

Nutrient levels (N) kg ha"'

N, (40:20:40) 16.91 19.54 24.78 24.69 22.88

N, (60:30:60) 16.42 18.69 23.56 24.80 23.21

N, (80:40:80) 18.53 22.04 25.57 25.57 24.13

SEm (±) 0.45 0.60 0.39 0.30 0.33

CD (0.05) 1.311 1.732 1.121 0.962

Interactions (vn)

v,ni 14.60 21.73 29.40 25.83 23.90

Vini 13.09 20.80 23.95 25.25 24.43

ViHj 17.85 24.41 25.90 25.53 24.20

V2n| 23.15 26.40 26.55 23.98 20.53

20.00 23.19 25.08 24.50 23.08

Van] 20.70 24.21 26.20 26.08 24.03

vjn, 17.45 16.95 20.46 25.28 24.15

vsHa 19.11 16.11 18.98 24.93 23.50

vsnj 20.98 24.48 27.08 25.48 24.38

V4n, 14.90 16.20 22.08 23.00 21.53

V4n2 14.98 16.62 23.03 23.45 21.53

V4n3 16.08 19.09 24.45 25.60 23.90

vjn. 14.45 16.43 25.44 25.35 24.30

VsHi 14.91 16.73 26.75 25.88 23.50

VsHj 17.06 17.99 24.25 25.18 24.15

SEm (±) I.OI 1.34 0.86 0.66 0.74

CD (0.05)
- - 2.561

!
-

DAT- Days After Transplanting



Table 18. Effect of varieties, nutrient doses and interactions on number of leaves

plant ' in open condition

Number of leaves plant''

Treatments 15 DAT 30 DAT 45 DAT 60 DAT
At final

harvest

Total

number

Varieties (V)

Vi(All Green) 5.51 6.11 5.09 5.41 4.98 27.1

Vt (Pusa Bharathi) 4.86 5.67 5.17 4.93 4.91 25.5

Vj (Punjab Green) 5.19 5.44 5.01 4.83 4..50 25.0

V4 (Indam Kolkatta) 4.66 4.89 4.91 5.34 4.50 24.3

V5 (Trendy) 4.56 4.85 4.64 5.15 4.76 24.0

SEm (±) 0.23 0.22 0.20 O.Il 0.16 0.4

CD (0.05) - 0.689 - 0.331 - 1.27

Nutrient levels (N) kg ha"'
N, (40:20:40) 4.66 5.30 4.77 5.10 4.75 24.6

Nj (60:30:60) 5.00 5.36 4.84 5.00 4.59 24.8

N3 (80:40:80) 5.21 5.51 5.29 5.30 4.85 26.2

SEm (i) 0.14 0.14 0.15 0.18 0.14 0.4

CD (0.05) 0.418 - 0.430 1.05

Interactions (vn)

vin, 4.80 5.49 4.75 5.49 5.26 25.8

v,n2 5.48 5.77 5.25 5.00 4.45 26.0

VlHj 6.25 7.06 5.26 5.75 5.23 29.6

vjni 4.78 5.04 4.72 5.00 4.99 24.5

\2r\2 5.02 6.25 5.27 4.76 5.25 26.6

ViOj 4.78 5.72 5.51 5.02 4.50 25.5

vjn. 4.79 6.00 4.82 4.74 4.75 25.1

Vjni 5.28 5.56 4.98 4.74 4.00 24.6

V3n3 5.50 4.74 5.24 5.00 4.77 25.2

V4n, 4.49 4.99 5.05 5.24 3.99 23.8

V4n2 4.51 4.98 4.21 5.28 4.49 23.5

V4n3 4.99 4.71 5.49 5.51 5.00 25.7

VsHi 4.46 4.97 4.50 5.01 4.74 23.7

V5n2 4.70 4.26 4.48 5.20 4.78 23.4

vjnj 4.53 5.31 4.94 5.23 4.76 24.8

SEm (±) 0.32 0.32 0.33 0.40 0.31 0.8

CD (0.05) 0.939
- - - -

DAT- Days After Transplanting



Bharathi at 60:30:60 kg NPK ha"'), 6.25 leaves plant"' and least number of 4.26

leaves plant"' was observed in the combination V5n2 (Trendy at 60:30:60 kg NPK

ha"').

The interaction effect on the total number of leaves plant "' was non

significant.

4.2,13 Leaf Area Index (LAI)

Table 19 depicts the influence of variety, nutrient levels and interaction on

LAI. The LAI, in general, increased with age and was highest at 45 DAT and

thereafter declined.

The LAI at 30 DAT was significantly influenced by varieties and the variety

Indam Kolkatta recorded the highest LAI (0.66) on a par with Pusa Bharathi (V2)

and All Green (Vi), the values being 0.64 and 0.63 respectively. The other varieties

showed significantly lower values and the lowest was in Trendy (V5).

At 45, 60 DAT and at final harvest, the variety All Green recorded highest

LAI while Trendy showed the lowest.

Among the nutrient levels, N3 (80:40:80 kg NPKha"') registered the highest

LAI at all the stages of growth. LAI at 60:30:60 and 40:20:40 kg NPK ha"' were

significantly lower and on a par with each other.

Interaction effects were significant at all stages and the combined effect of

All Green at the highest NPK dose (vins) recorded maximum value at all stages.

4.2.1.4 Days to Harvest

The variations in the number of days to each harvest in the different varieties

at varying doses of NPK were non significant (Table 20). The duration of the

varieties in the open ranged from 67.49 (Indam Kolkatta) to 69.40 days (Pusa

Bharathi) after transplanting.

4.2.1.5 Harvesting Interval

The effect of varieties, nutrient levels and their interaction on harvesting

interval of spinach beet are shown in Table 21.
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Table 19. Effect of varieties, nutrient doses and interactions on Leaf Area Index
(LAI) at different stages in open condition

LAI

Treatments 30 DAT 45 DAT 60 DAT
At final

Harvest

Varieties (V)

Vi(Ali Green) 0.63 1.06 1.18 0.90

V2 (Pusa Bharathi) 0.64 1.04 0.96 0.81

V3 (Punjab Green) 0.58 0.98 0.92 0.77

V4 (Indam Kolkatta) 0.66 0.99 0.94 0.74

V5 (Trendy) 0.50 0.89 0.80 0.70

SEm (±) 0.01 0.02 0.01 0.01

CD (0.05) 0.029 0.051 0.038 0.031

Nutrient levels (N) kg ha '

N, (40:20:40) 0.53 0.92 0.83 0.67

N2 (60:30:60) 0.60 0.96 0.91 0.75

N3 (80:40:80) 0.68 1.09 1.14 0.93

SEm (±) 0.01 0.02 0.01 0.01

CD (0.05) 0.029 0.058 0.027 0.041

Interactions (vn)

vini 0.45 1.05 1.05 0.77

ViH: 0.66 0.91 1.13 0.85

Vina 0.78 1.21 1.35 1.07

V2ni 0.64 0.92 0.77 0.74

Vjn; 0.56 0.98 0.85 0.80

Vans 0.70 1.21 1.28 0.90

vjni 0.44 0.91 0.84 0.65

vana 0.63 0.99 0.91 0.64

Vans 0.66 1.04 1.02 1.03

V4n| 0.71 0.92 0.84 0.68

V4n2 0.64 1.05 0.91 0.76

V4n3 0.63 1.01 1.06 0.79

Van, 0.38 0.80 0.68 0.52

vana 0.48 0.88 0.73 0.69

vana 0.62 0.99 1.00 0.89

SEm (±) 0.02 0.05 0.02 0.03

CD (0.05) 0.068 0.142 0.058 0.102

DAT- Days After Transplanting



Table 20.Effect of varieties, nutrient doses and interactions on days to harvest and

crop duration in open condition

Days to harvest

Treatments First Second Third Crop duration

Varieties (V)

V|(A11 Green) 29.28 42.44 56.44 68.44

Vi (Pusa Bharathi) 29.99 43.40 57.40 69.40

V3 (Punjab Green) 28.04 41.60 55.60 67.60

V4 (Indam Kolkatta) 28.49 41.49 55.49 67.49

V5 (Trendy) 29.32 41.76 55.76 67.76

SEm {±) 0.4 0.45 0.45 0.45

CD (0.05) 1.228 - - -

Nutrient levels (N) kg ha"'
N, (40:20:40) 27.78 41.78 55.78 67.78

N, (60:30:60) 28.36 42.36 56.36 68.36

N3 (80:40:80) 28.27 42.27 56.27 68.27

SEm (±) 0.36 0.36 0.36 0.36

CD (0.05) - - -

Interactions (vn)

V|ni 28.73 42.73 56.73 68.73

Vin2 28.53 42.53 56.53 68.53

vinj 28.05 42.05 56.05 68.05

vini 28.03 42.03 56.03 68.03

v^ni 29.72 43.72 57.72 69.72

V2n3 30.45 44.45 58.45 70.45

Vjn, 27.30 41.30 55.30 67.30

V3n2 27.51 41.5! 55.51 67.51

V3n3 28.00 42.00 56.00 68.00

V4n, 27.08 41,08 55.08 67.08

V4n2 28.39 42.39 56.39 68.39

V4n3 27.00 41.00 55.00 67.00

Vjni 27.74 41.74 55.74 67.74

V5n2 27.67 41.67 55.67 67.67

VjHb 27.87 41.87 55.87 67.87

SEm (±) 0.80 0.80 0.80 0.80

CD (0.05) - - - -



Varietal variations in the number of days for subsequent harvest was

significant for the first and second harvest. Punjab Green (V3) and Indam Kolkatta

(V5) were ready for first harvest in 28 and 28.5 days after planting. Subsequent

harvests were taken at 12.7 to 14.5 days interval in the different varieties.

The variations due to different doses of nutrient for all harvests and

interaction of variety and nutrient were non significant, except for the last harvest.

4.2.1.6 Leaf Yield planf^

Perusal of data (Table 22) revealed significant variations in leaf yield plant

with varieties, nutrient levels and their interactions.

The variety All Green (Vi) produced the highest yield 72.77 g plant \

significantly superior to variety Pusa Barathi (V2) 65.74 g plant"', Indam Kolkatta

(V4) 65.63 g plant"' and Punjab Green (V3) 63.27 g plant"'. The lowest yield was

recorded in Trendy (V5), 58.45 g plant

The yield plant"' varied significantly with the different levels of nutrients.

Maximum and significantly superior yield (69.96 g plant ') was recorded with the

nutrient level N3 followed by N2 (64.96 g plant"') and N| (60.60 g plant"').

Variety and nutrient interactions influenced the leaf yield plant*' significantly.

Pusa Bharathi at 80:40:80 kg NPK ha"' (V2n3) recorded the significantly highest yield

(76.99 g plant"') on a par with Vin3 (74.47 g plant"' ). Irrespective of variety, the

highest dose of NPK gave maximum per plant yields in spinach beet under open

conditions,

4.2.1.7Leaf Yield

The variations in the yield of spinach beet as influenced by varieties, nutrient

doses and their interaction are given in Table 22.

The varietal influence on the leaf yield m* was significant. The variety. All

Green (V|) recorded maximum yield (3.9 kg m"^) which was significantly superior to

all other varieties. Pusa Bharathi (V2) recorded the second highest yield (3.68 kg m" ),



Table 21. Effect of varieties, nutrient doses and interactions on harvesting interval in

open condition

Harvesting interval (days)

Treatments First Second Third Final harvest

Varieties (V)

Vi (All Green) 29.28 14.50 13.17 13.34

V: (Pusa Bharathi) 29.99 14.39 13.58 13.66

V; (Punjab Green) 28.04 12.73 14.00 13.38

Vi (Indam Kolkatta) 28.49 12.92 12.97 13.35

V; (Trendy) 29.32 13.88 13.32 13.77

SF.m (±) 0.4 0.30 0.43 0.30

CD (0.05) 1.228 0.919 -

Nutrient levels (N) kg ha '
N, (40:20:40) 28.59 13.76 13.31 13.65

N. (60:30:60) 29.19 13.98 13.37 13.35

N, (80:40:80) 29.29 13.31 13.54 13.49

SEm (±) 0.28 0.27 0.28 0.22

CD (0.05) - -

Interactions (vn)

ViH, 29.23 13.77 12.97 13.77

V|n2 29.78 15.76 12.64 12.50

vin. 28.84 13.97 13.90 13.74

v^ni 28.97 14.29 14.19 14.50

V2n2 29.99 14.87 13.94 13.24

ViRj 31.00 14.00 12.62 13.25

vjm 27.36 13.05 13.53 12.50

ViRt 28.37 12.62 14.35 14.25

V:?n3 28.38 12.53 14.12 13.38

VjR, 28.52 13.25 13.50 13.13

V4n2 28.08 13.32 12.58 14.27

V4n3 28.88 12.18 12.84 12.64

vsn, 28.85 14.45 12.38 14.34

V5n2 29.75 13.31 13.34 12.50

^503 29.37 13.87 14.24 14.45

SEm (±) 0.64 0.60 0.62 0.50

CD (0.05) - - - 1.468
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Table 22. Effect of varieties, nutrient doses and interactions on leaf yield in open

condition

Leaf yield

Treatments (g plant"') (kg m"-')

Varieties (V)

Vi(All Green) 72.77 3.93

V2 (Pusa Bharathi) 68.75 3.67

V3 (Punjab Green) 63.27 3.46

V4 (Indam Kolkatta) 65.63 3.60

V5 (Trendy) 63.31 3.42

SEm (±) 0.49 0.06

CD (0.05) 1.518 0.168

Nutrient levels (N) kg ha"'
N, (40:20:40) 63.58 3.48

N2 (60:30:60) 65.49 3.64

N3 (80:40:80) 71.17 3.73

SEm (±) 0.34 0.05

CD (0.05) 0.978 0.129

Interactions (vn)

v,ni 70.63 3.83

V|n2 73.22 3.96

VlHj 74.47 4.02

V2ni 64.08 3.30

65.18 3.55

V2n3 76.99 4.14

V.lOi 61.86 3.39

V3n2 62.64 3.43

vjnj 65.32 3.56

V4n, 61.32 3.46

V4n2 64.28 3.79

V4n3 71.30 3.56

vsn, 60.04 3.41

V5n2 62.11 3.47

vsn3 67.79 3.38

SEm (±) 0.76 0.10

CD (0.05) 2.240 0.311

0^0



on a par with Indam Kolkatta V4 (3.61 kg m'^) and the variety Trendy (V5), recorded

the lowest leaf yield (3.42 kg m"^).

The effect of the nutrient levels was also significant. The highest dose of

NPK resulted in a significantly superior yield (3.73 kg m"^), on a par with N2 (3.60

kgm'^) and significantly higher than Ni(3.48 kgm"^).

Interaction effect of varieties and nutrient doses on leaf yield m'^ was found to

be significant. The interaction vsns (Pusa Bharathi at 80:40:80 kg NPK ha ') recorded

a yield of 4.14 kg m"^ which was on a par with vin3 (4.02 kg m'^ ) and significantly

superior to all other combinations. All the varieties recorded higher yields at the

highest level of nutrients.

4.2.2 Nutrient Content

4.2.2.1 Nitrogen (N)

The varieties and nutrient doses exerted significant influence on nitrogen

content in spinach beet (Table 23).

All Green (Vi) recorded the highest nitrogen content (3.05 %) followed by

Trendy (2.82 %) and Pusa Bharathi (2.79 %). Punjab Green recorded the lowest

nitrogen content (2.34 %).

Significantly higher values were recorded for the higher levels of nutrient

tested. A maximum value of 3.05 per cent was recorded for N3

The interaction effect was found to be non significant.

4.2.2.2 Phosphorus (P)

The influence of variety, nutrient levels and their interaction on phosphorus

content in spinach beet are presented in Table 23.

Phosphorus content was the highest in variety Trendy (0.90 %) followed by

Pusa Bharathi (0.86 %) and Indam Kolkatta (0.82 %)

The higher level of nutrients (N3) recorded maximum phosphorus content

(1.34 %) and was significantly superior to the other two levels.

Interaction effect was non significant.

(\\



Table .23, EfTect of varieties, nutrient doses and interactions on NPK content (%) in

spinach beet grown under open condition

Treatments N P K

Varieties (V)

V,(All Green) 3.05 0.80 4.31

V2 (Pusa Bharathi) 2.79 0.86 3.89

V3 (Punjab Green) 2.34 0.78 4.53

V4 (Indam Kolkatta) 2.63 0.82 3.92

Vs(Trendy) 2.82 0.90 4.04

SEm (±) 0.048 0.005 0.028

CD (0.05) 0.148 0.016 0.085

Nutrient levels (N)) kg ha"'

Ni (40:20:40) 2.42 0.46 3.20

N2 (60:30:60) 2.71 0.69 4.47

N3 (80:40:80) 3.05 1.34 4.75

SEm (±) 0.077 0.005 0.022

CD (0.05) 0.222 0.014 0.063

interactions (vn)

v,n, 2.39 0.40 3.20

v,n2 3.29 0.43 4.72

ViHj 3.46 1.56 4.99

V2ni 2.40 0.43 2.36

Vjnj 2.60 0.55 4.47

Vans 3.36 1.59 4.84

Van, 2.26 0.38 4.18

VaHa 2.29 0.46 4.60

vsna 2.48 1.50 4.83

V4ni 2.44 0.54 3.12

V4n2 2.58 1.42 4.14

V4n3 2.89 0.52 4.49

vsn. 2.62 0.56 3.14

Vs": 2.77 0.62 4.41

vsna 3.08 1.53 4.58

SEm (±) 0.172 0.011 0.049

CD (0.05)
- 0.032 0.145
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4.2.2.3 Potassium (K)

The influence of varieties, nutrient levels and their interactions on potassium

content are depicted in Table 23.

Varietal effect on potassium content was found to be significant. The variety

Punjab GreenfV]) recorded maximum value (4.53%) and the least was recorded by

Pusa Bharathi (V2), 3.89 per cent.

Nutrient levels significantly influenced the potassium content. The highest

nutrient dose, N3 recorded significantly superior K content (4.75%) followed by N2

(4.47 %) and the lowest nutrient dose (N))resulted in the lowest value (3.20%).

The influence of interactions was also significant. The interaction, vms (All

Green at 80:40:80 kg NPK ha"') resulted in maximum K content (4.99 %) which was

on a par with V2n3 (Pusa Bharathi at 80:40:80 kg NPK ha ') that recorded 4.84 % K.

4.2.2.4 Iron (Fe)

Fe content in spinach beet varied significantly with the varieties and nutrient

levels, while interaction effects were non significant (Table 24).

Punjab Green (V3) showed the highest value (0.66 mg kg"') on par with Pusa

Bharathi and Trendy (0.61 mg kg"' and 0.59 mg kg"' respectively). All Green

recorded significantly lower Fe content(0.53 mg kg'').

The nutrient dose, N2 (60:30:60 kg NPK ha"') recorded the highest Fe

(0.63 mg kg"') and was significantly superior to other doses. Interaction effect was

non significant.

4.2.2.5 Calcium (Ca)

Nutrient levels alone caused significant variation in the Ca content in spinach

beet grown in open condition (Table 24).

The highest nutrient level (N3 - 80:40:80 kg NPK ha ') recorded the highest

Ca content of 0.60 mg kg ' and it was significantly superior to the other levels,

interaction effect was found to be non significant.

0,3



Table 24. Effect of varieties, nutrient doses and interactions on iron (Fe), calcium

(Ca) and magnesium (Mg) content mg kg ' in open condition

Treatments Fe Ca Me

Varieties (V)

VI (All Green) 0.53 0.57 0.20

V2 (Pusa Bharathi) 0.61 0.56 0.17

V3 (Punjab Green) 0.66 0.54 0.16

V4 (Indam Kolkatta) 0.56 0.55 0.19

V5 (Trendy) 0.59 0.52 0.14

SEm (±) 0.02 0.03 0.01

CD (0.05) 0.074 0.016

Nutrient levels (N)) kg ha"'
Nl (40:20:40) 0.52 0.51 0.17

N2 (60:30:60) 0.63 0.53 0.19

N3 (80:40:80) 0.61 0.60 0.15

SEm (±) 0.018 0.024 0.004

CD (0.05) 0.053 0.068 0.012

Interactions (vn)

vinl 0.44 0.58 0.19

vln2 0.59 0.48 0.24

vln3 0.55 0.64 0.17

v2nl 0.53 0.56 0.16

v2n2 0.65 0.56 0.17

v2n3 0.64 0.57 0.17

v3nl 0.67 0.51 0.17

v3n2 0.66 0.51 0.18

v3n3 0.65 0.60 0.14

v4nl 0.47 0.48 0.21

v4n2 0.59 0.52 0.21

v4n3 0.62 0.64 0.16

v5nl 0.51 0.44 0.14

v5n2 0.64 0.59 0.15

v5n3 0.61 0.54 0.13

SEm (±) 0.041 0.053 0.009

CD (0.05)
- - 0.028

4^



4.2.2.6 Magnesium (Mg )

Mg content in spinach beet as influenced by the varieties, nutrient levels and

interactions are presented in Table 24.

The effect of varieties on Mg content was significant and All Green recorded

the significantly highest content (0.20 mg kg"') which was on a par with Indam

Kolkatta(0.19 mg kg"').

Among the nutrient levels, N2 (60:30:60 kg NPK ha"') recorded maximum

value (0.19 mg kg"'),significantly higher than N3(0.15 mg kg"') andNi(0.17 mg kg"').

Interaction effect of varieties and nutrient levels was found to be significant.

The highest Mg content was observed in \\r\2ie.^ All Green at 60: :30:60 kg NPK ha"'

(0.24 mg kg ') compared to the other interactions.

4.2.3 Shelf Life

The data on influence of varieties, nutrient levels and their interaction on shelf

life of spinach beet leaves are given in Table 25.

Varietal variations in the shelf life of the harvested leaves alone were

significant. All Green showed higher shelf life (2.05 days) and Indam Kolkatta, the

least (1.34 days).

4.2.4 Chlorophyll

The result on the effect of varieties, nutrient doses and interaction on

chlorophyll content are presented in Table 25.

The variety, All Green recorded maximum chlorophyll content (0.33 mg g ')

which was significantly superior to all other varieties. The lowest content was

assessed in Pimjab Green leaves (0.26 mg g'').

The chlorophyll content varied significantly with the nutrient levels, the NPK

level of N3 recorded the highest value (0.31 mg g"' ) which was superior to the other

two nutrient levels.

The interaction effect was also significant. The combination of All Green at

80:40:80kg NPK ha 'showed maximum content (0.35 mg g"'), significantly superior
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Table 25. Effect of varieties, nutrient doses and interactions on shelf life,
chlorophyll and protein content of spinach beet grown in open condition

Treatments
Shelflife Chlorophyll Protein

(days) (mgg ') (%)
Varieties (V)

V| (All Green) 2.05 0.33 19.04

V2 (Pusa Bharathi) 1.77 0.30 17.42

V) (Punjab Green) 1.95 0.26 14.65

Vj (Indam Kolkatta) 1.34 0.28 16.46

V5 (Trendy) 1.84 0.29 17.64

SEm (±) 0.11 0.001 0.30

CD (0.05) 0.33 0.004 0.926

Nutrient levels (N) ) kg ha"'

N| (40:20:40) 1.68 0.27 15.13

N: (60:30:60) 1.96 0.29 16.91

N, (80:40:80) 1.73 0.31 19.09

SEm (±) 0.08 0.001 0.48

CD (0.05) - 0.004 1.386

Interactions (vn)

v,n, 2.22 0.31 14.93

ViHt 1.92 0.31 20.57

V|n3 2.01 0.35 21.63

vjn, 1.61 0.29 14.99

V2n2 1.82 0.3! 16.25

ViOj 1.87 0.31 21.02

vjn, 1.8 0.25 14.11

VjH: 2.16 0.26 14.32

Vjnj 1.88 0.29 15.52

ViHi 1.02 0.27 15.22

V4n2 1.89 0.29 16.10

V4n3 1.12 0.30 18.04

vjni 1.75 0.25 16.40

vsn: 2.00 0.30 17.30

VsHs 1.77 0.30 19.23

SEm (±) 0.18 0.003 1.07

CD (0.05)
- 0.009 3.176

(JyV)



to other interactions. This was followed by the interaction vin2 (0.32 mg g"'), on a par

with Vint (0.31 mg g ').

4.2.5 Protein

The variations in protein content in spinach beet as significantly influenced by

varieties, nutrient levels and interaction are given in Table 25.

The varietal influence on protein content was significant with All Green

recorded the maximum protein content (19.04 %) followed by variety Pusa Bharathi

(17.12%).

Nutrient levels significantly influenced the protein content, the highest level

of 80:40:80 kg NPK ha ' recorded the highest protein content (18.82% ) and was

significantly superior to the other two NPK doses. The lowest content was with the

lowest dose (15.13%).

Among interactions, vinj recorded the significantly highest protein content

(21.63%) on a par with V2n3(21.02%).

4.2.6 Dry matter production (DMP)

There was significant variation in the dry matter production with varieties,

nutrient doses and their interactions (Table 26).

The variety All Green (V|) recorded the significantly highest DMP (20.21 g

plant*') and was on a par with Pusa Bharathi (V2) that recorded dry matter yield of

20.09 g plant"'.

The DMP was highest (21.02 g plant"') with the highest dose of nutrients and

the lowest (16. 53 g plant"') with N|.

Interaction effect was also significant. The interaction vinj (All Green at

80:40:80 kg NPK ha"') recorded maximum value (24.16 g plant"') which was

significantly superior to all other interactions. The lowest DMP was recorded by the

interaction vmi (Indam Kolkatta at 40:20:40 kg NPK ha"'), 14.33 g.



Table 26. Effect of varieties, nutrient doses and interactions on dry matter production
and NPK uptake of spinach beet in open condition, g plant"'

Treatments DM? N uptake P uptake K uptake

Varieties (V)

Vi (All Green) 20.21 0.63 0.18 0.89

Vj (Pusa Bharathi) 20.09 0.56 0.18 0.79

V, (Punjab Green) 18.03 0.42 0.14 0.82

Vj (Indam Kolkatta) 17.86 0.48 0.15 0.72

Vs (Trendy) 17.20 0.49 0.16 0.71

SEm(±) 0.12 0.010 0.002 0.006

CD (0.05) 0.375 0.031 0.004 0.019

Nutrient levels (N)) kg ha"'

N| (40:20:40) 16.53 0.39 0.07 0.51

N: (60:30:60) 18.81 0.51 0.13 0.84

N., (80:40:80) 21.02 0.65 0.28 1.00

SHm (±) 0.07 0.014 0.001 0.005

CD (0.05) 0.203 0.042 0.004 0.015

Interactions (vn)

v,ni 16.19 0.39 0.06 0.52

ViHn 20.27 0.67 0.09 0.96

ViHj 24.16 0.84 0.38 1.21

ViHi 18.50 0.44 0.08 0.44

Vinj 20.07 0.52 0.11 0.90

vinj 21.14 0.71 0.34 1.02

v,ni 17.28 0.39 0.07 0.72

vjn2 18.61 0.43 0.09 0.86

v.inj 18.21 0.45 0.27 0.88

V4ni 14.33 0.35 0.08 0.45

V4n2 17.45 0.45 0.25 0.72

V4n3 21.79 0.63 0.11 0.98

vjn, 14.19 0.37 0.08 0.45

V5n2 17.64 0.49 O.tl 0.78

VsHi 19.78 0.61 0.30 0.91

SEm (±) 0.16 0.032 0.003 0.012

CD (0.05) 0.464 0.095 0.008 0.035



4.2.7 Uptake of NPK

The results on the effect of varieties, nutrient doses and their interactions on

uptake of nutrients, N, P and K are shown in Table 26.

4.2.7.1 Uptake ofNitrogen

The highest N uptake (0.63 g plant ') was observed in the variety All Green

(Vi) and significantly superior to all other varieties. The uptake was significantly the

highest in N3(0.65 g plant"') and lowest (0.39 g plant"') in Ni.

The interaction effect was also significant with Vin3 (All Green at 80:40:80 kg

NPK ha"') registered maximum uptake (0.84 g plant"'), significantly superior to all

other interactions. Interaction V4ni (Indam Kolkatta at 40:20:40 kg NPK ha"')

recorded the lowest uptake (0.35 g plant"').

4.2.7.2 Uptake ofPhosphorus

The variation was significant for varieties, nutrient doses and interactions. All

Green and Pusa Bharathi (Viand V2) recorded significantly higher phosphorus uptake

(0.18 g plant"'), and the lowest value (0.14 g plant"') was recorded by variety Punjab

Green.

Nutrient levels also influenced the P uptake significantly. N3 (80:40:80 kg

NPK ha ') recorded the highest value, 0.28 g plant' and Ni (40:20:40 kg NPK ha"'),

the lowest uptake (0.07 g plant"').

Phosphorus uptake varied significantly with the interactions. Interaction vins

(All Green at 80:40:80 kg NPK ha*') registered maximum uptake (0.38 g plant"')

which was significantly superior to the uptake in all other interactions.

4.2.7.3 Uptake ofPotassium

Potassium uptake also recorded a similar trend as nitrogen and phosphorus

uptake. It was significantly superior in the variety All Green (0.89 g plant"') and at

the highest dose (1.00 g plant*').



The interaction effect of viHb (All Green at 80:40:80 kg NPK ha"') registered

maximum value (1.21 g plant"') and Vsni (Trendy at 40:20:40 kg NPK ha"'), the least

value (0.45 g plant"').

4.2.8 Vitamin C

The variations in vitamin C content in spinach beet as influenced by varieties,

nutrient levels and interactions are shown in Table 27.

Vitamin C content of varieties varied significantly and All Green showed the

highest content (30.21 mg 100 g"'), significantly superior to Pusa Bharathi (28.16 mg

100 g"'), Punjab Green (24.52 mg 100 g"'), Trendy (27.64 mg 100 g"') and Indam

Kolkatta (26.92 mg 100 g"').

The nutrient levels brought about significant variations in vitamin C content.

N3 (80:40:80 kg NPK ha"') recorded the highest vitamin C content (29.93 mg 100

g"') and was significantly superior to other doses.

Interaction effect was also found to be significant. Interaction vins (All Green

at 80:40:80 kg NPK ha"') recorded maximum content (31.70 mg 100 g"') which was

on a par with the Interaction V2n3 (Pusa Bharathi at 80:40:80kg NPK ha"'), 31.37 mg

100 g"' and significantly superior to other interactions.

4.2.9 Vitamin A

The influence of varieties, nutrient levels and interactions on Vitamin A

content are presented in Table 27.

Vitamin A content was significantly influenced by varieties; variety All Green

recorded maximum vitamin A ( 23.53 lU) which was on a par with Pusa Bharathi

(23.13 ID ). The least value was recorded by Indam Kolkatta (19.87 lU).

The effects of variety x nutrient level interaction were non significant.

4. 2.10 Nitrate

The influence of varieties, nutrient doses and their interaction on the nitrate

content are depicted in Table 27.



Table 21. Effect of varieties, nutrient doses and interactions on vitamin C, vitamin A,

and nitrate content of spinach beet grown in open condition

Treatments

Vitamin C

(mg lOOg"')
Vitamin A

(lU)
Nitrate

(%)
Varieties (V)

V| (All Green) 30.31 23.53 0.107

V2 (Pusa Bharathi) 28.16 23.13 0.110

V3 (Punjab Green) 24.52 20.90 0.109

V4 (Indam Kolkatta) 26.92 19.87 0.108

V5 (Trendy) 27.64 20.96 0.110

SEm (±) 0.27 0.49 0.001

CD (0.05) 0.823 1.518 -

Nutrient levels (N) ) kg ha"'
N, (40:20:40) 25.49 21.38 0.107

N2 (60:30:60) 27.10 21.43 0.108

N, (80:40:80) 29.94 22.22 0.112

SEm (±) 0.26 0.34 0.001

CD (0.05) 0.743 - 0.002

Interactions (vn)

v,ni 29.66 23.19 0.106

vin2 29.56 23.07 0.104

vinj 31.71 24.32 0.1 12

VsH) 24.13 23.29 0.108

V2n2 28.98 23.58 0.109

V2n3 31.37 22.51 0.114

vjni 22.06 20.62 0.106

V3n2 22.73 20.84 0.108

vjn. 28.79 21.24 0.113

V4n, 26.60 19.77 0.106

V4n2 26.22 20.36 0.108

V4n3 27.94 19.49 0.111

VsH] 25.01 20.02 0.108

V5n2 28.03 19.32 0.1 12

V5n3 29.88 23.55 0.110

SEm (±) 0.58 0.77 0.001

CD (0.05) 1.702 - -

\o\



Varietal effect was found to be non significant. Nutrient levels registered

significant influence on nitrate content. The highest nutrient dose (Nj) recorded

highest value (0.112 %) followed by N2( 0.108%) and N|(0.107 %).

Interaction effects were found to be non significant.

4.2.11 Soil properties

4.2.11.1 Soil pH

Data on soil pH presented (Table 28) revealed that there was no significant

variation in soil reaction with varieties, nutrient levels and their interaction.

4.2.11.2 Electrical Conductivity (EC)

The effect of different varieties, nutrient levels and their interactions on

electrical conductivity are shown in Table 28. Perusal of the data revealed that the

varieties, nutrient levels and their interaction did not register any significant effect on

EC.

4.2.11.3 Organic carbon

The data pertaining to variations in soil organic carbon content is furnished in

Table 28 and it was evident that varieties, nutrient levels and their interactions

exerted non significant influence on organic carbon status in soil

4.2.11.4 Available nitrogen

Available nitrogen content in soil af^er the experiment did not vary

significantly with varieties (Table 29). However, the status increased with increase in

NPK levels. The interaction effect was not significant.

4.2.11.5 Available phosphorus

The available phosphorus content in soil after the experiment is given in

Table 29. Nutrient levels alone had significant influence and the soil P status ( 96.90

kg ha"') was significantly highest with the highest dose.

4.2.11.6 A vailable potassium

The changes in available potassium content in soil with different varieties and

nutrient levels are presented in Table 29. As in the case of available N and P, K



Table 28. Effect of varieties, nutrient doses and interaction on soil pH, electrical
conductivity and organic carbon content in open condition.

Treatments Soil pH
Electrical Conductivity

(dSm-')
Organic Carbon

(%)
Varieties (V)

V, (All Green) 5.26 0.15 0.45

V2 (Pusa Bharathi) 5.21 0.14 0.49

V3 (Punjab Green) 4.88 0.13 0.39

V4 (Indam Kolkatta) 4.90 0.13 0.45

V5 (Trendy) 4.98 0.14 0.40

SEm (±) 0.099 0.01 0.02

CD (0.05) -

Nutrient levels (N) kg ha '

N, (40:20:40) 5.01 0,13 0.47

N, (60:30:60) 5.07 0.14 0.46

N3 (80:40:80) 5.06 0.15 0.38

SEm (±) 0.081 O.OI 0.03

CD (0.05) - - -

Interactions (vn)

v,ni 5.27 0.13 0.35

vin2 5.42 0.15 0.58

v,n3 5.08 0.16 0.42

vini 5.19 0.13 0.46

V2n2 5.20 0.13 0.55

V2n3 5.25 0.15 0.46

V3ni 5.02 0.12 0.51

V3n2 4.80 0.13 0.34

\yX\i 4.82 0.14 0.32

vjn, 4.89 0.13 0.51

V4n2 4.87 0.11 0.43

V4n3 4.93 0.16 0.42

VsH, 4.70 0.12 0.51

V5n2 5.03 0.16 0.42

vsn3 5.23 0.14 0.25

SEm (±) 0.182 0.01 0.07

CD (0.05)
- - -

\o



Table 29. Effect of varieties, nutrient doses and interaction on soil available N, P and
K in open condition, kg ha '

Treatments Available N Available P Available K

Varieties (V)

V,(A1I Green) 193.24 94.74 313.92

V2 (Pusa Bharathi) 197.86 93.54 345.49

V3 (Punjab Green) 188.51 92.81 343.72

V4 (Indam Kolkatta) 193.67 93.58 303.55

V5 (Trendy) 181.91 94.16 319.91

SEm (±) 3.44 0.40 10.47

CD (0.05) -

Nutrient levels (N)) kg ha"'

N, (40:20:40) 181.54 89.28 296.90

N; (60:30:60) 187.27 95.12 331.74

N3 (80:40:80) 204.31 96.90 347.32

SEm (±) 2.26 0.68 8.20

CD (0.05) 6.537 1.958 23.684

Interaction (vn)

V,N, 189.96 94.44 284.61

V,N2 193.48 94.28 354.21

V,N3 196.28 95.50 302.93

V2N, 191.72 86.73 328.94

V2N2 187.53 96.03 330.40

V2N3 214.34 97.86 377.15

V3N, 178.64 87.76 337.64

V3N2 181.24 93.47 323.30

V3N3 205.66 97.21 370.24

V4N, 176.49 87.99 264.01'

V4N2 197.72 96.17 307.08

V4N3 206.81 96.57 339.57

V5N, 170.90 89.47 269.30

V5N2 176.39 95.63 343.70

V5N3 198.44 97.37 346.73

SEm (±) 5.06 1.52 18.34

CD (0.05)
- - -

\0^
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status was significantly influenced by nutrient levels alone. A significant increase in

K was recorded with increasing levels of NPK and the highest status of 347.32 kgha '

was recorded in N3

4.2.12 Economic Analysis

4.2.12. / Net Income

The data on net income realized with the cultivation in open field is presented

in Table 30. Perusal of data on net income computed for 10 m^ revealed that the

variety All Green (V3) could fetch the highest net income 371.38 ) and was

significantly superior to the net income from the other tested varieties.

Among the nutrient levels, N3 (80:40:80 kg NPK ha"') recorded the highest

net income 318.67) followed by N2 (^150.36) and the lowest was computed in Ni

(7 101.97).

Varieties x Nutrient level interaction revealed that the combination Vin3 (Pusa

Bharathiat 80:40:80 kg NPK ha ') produced the highest net income (?495.39 10 m^)

which was significantly superior to all other combinations. The net income was

lowest inv2ni (Pusa Bharathi at 40:20:40 kg NPK ha'").

4.2.12.2 Benefit: Cost Ratio (B:C)

The variations in B: C ratio with varieties, nutrient levels and their interaction

are presented in Table 30.

Among the different varieties All Green (Vi) registered the highest B:C ratio

of 1.19 and it was significantly superior to all other varieties

Of the three nutrient doses tested, N3 (80:40:80 kg NPK ha"') recorded

maximum B: C ratio (1.16) compared to N2 (1.08) andNj (1.05).

Interaction effect of Pusa Bharathi at 80:40:80 kg NPK ha"' resulted in

maximum B:C ratio of 1.25 which was on a par with All Green at 80:40:80 kg NPK

ha'(1.21 ).
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Table 30.Effect of varieties, nutrient levels and interaction on net income and B:C

ratio of spinach beet grown under open conditions

Treatments Net income (^ha"') B:C ratio

Varieties (V)

V|(All Green) 371.38 1.19

V2 (Pusa Bharathi) 220.04 1.11

Vj (Punjab Green) 86.02 1.04

V4 (Indam Kolkatta) 146.30 1.07

V5 (Trendy) 127.93 1.01

SEm (±) 12.17 0.006

CD (0.05) 37.494 0.019

Nutrient levels (N)) kg ha''

N, (40:20:40) 101.97 1.05

N2 (60:30:60) 150.36 1.08

N3 (80:40:80) 318.67 1.16

SEm (±) 11.28 0.006

CD (0.05) 32.570 0.016

interactions (vn)

V|n, 310.57 1.16

Vin2 385.21 1.19

vin3 418.36 1.21

V2ni 21.68 1.01

V2n2 143.04 1.07

495.39 1.25

vjn. 45.88 1.02

vjnz 66.90 1.03

vjnj 145.27 1.07

V4n, 60.45 1.03

V4n2 85.06 1.04

V4n3 293.39 1.15

VsHi 71.27 1.03

V5n2 71.58 1.03

V5n3 240.93 1.12

SEm (±) 25.22 0.012

CD (0.05) 74.639 0.037
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5. DISCUSSION

The experiment on "Productivity of spinach beet as influenced by varieties

and nutrient doses" to assess the suitability of spinach beet varieties under protected

and open conditions, to standardize the nutrient doses and to work out the

economics was undertaken at College of Agriculture, Vellayani during 2015 and

2016. The results of the experiment are discussed briefly in this chapter.

5.1 INFLUENCE OF VARIETIES ON THE PERFORMANCE OF SPINACH BEET

IN POLYHOUSE AND OPEN CONDITIONS

5.1.1 Growth and yield

Varieties differ in their genetic potential and, their productivity can vary in

response to management practices. Spinach beet is a leafy vegetable suited to

tropical and sub tropical climates. The results of the study revealed that the growth

and yield attributes of spinach beet cultivated under protected and open conditions in

general, varied significantly with the varieties

The variations among varieties in plant height (leaf height) under protected

conditions (polyhouse) were significant at all stages except at 45DAT. Pusa Bharathi

recorded significantly taller plants compared to other varieties. In the open field

condition, taller plants were observed in All Green. This variation among varieties

could be attributed due to the genetic variability in morphological characters of the

varieties. Varalakshmi (2004) reported significant variations in plant height in

vegetable Amaranthus accessions and had attributed this to the genetic nature of the

plants.

Comparing the plant heights in the open and polyhouse, plants exhibited

comparatively greater plant heights in the polyhouse compared to that in the open.

The differential behavior of the varieties in the open and polyhouse could be



attributed to the environmental differences. The lower light intensities in the

polyhouse ( 34- 51.39 K lux) compared to that in the open (82 - 93 K lux ) might

have encouraged elongation. Smitha and Sunil (2016) observed similar variations in

cucumber grown in polyhouse and opined that this was due to lower light intensities.

Low light intensities retarded the destruction of auxin (lAA) which encouraged cell

division and cell expansion in the apical portion, leading to greater plant height.

These results are supported by earlier research findings (El-Aidy et al., 1988; Abou

Habid et al., 1994; Ramesh and Arumugam,2010).

Yield attributes in spinach beet included in the study were leaf size, leaf

number, LAI and number of harvests. Varieties differed significantly in yield both in

the polyhouse and open conditions.

The highest yield (83.31g plant"' and 4.78 kg m"^) was recorded in the variety

Punjab Green in the polyhouse which was significantly superior to all other

varieties(Fig.5). Tender leaves constitute the economic part of spinach beet. Mean

data on the total number of leaves plant (36.1) and LAI were significantly higher

for Punjab Green. The LAI for Punjab Green remained significantly superior to other

varieties at all stages (Table 5). It was the highest at 45 DAT indicating maximum

growth of the crop in the polyhouse. All Green recorded the second highest yield

(4.56 kg m"^) and the least was noticed in Trendy (4.05 kg m"^).

The variety All Green was found to be the highest yielder under open

condition (72.77g plant"', 3.93 kg m"^). The number of leaves produced plant (27.1)

and LAI computed were also the highest in this variety. The higher yield recorded

can thus be related to the above observations.

The varietal performance varied with the growing condition. In general, yield

of spinach beet was more in the polyhouse compared to that in the open. The

differences in leaf number and yield recorded among varieties might be due to the

inherent characters of the individual varieties and microclimatic variations in growing

environment. Similar observations on the wide variation in vegetative growth among



varieties were reported by earlier investigators (Damato, 2000 ;Abou El-Magd et ai,

2006). It is assumed that the lower solar radiation throughout the different growth

stages in the polyhouse promoted leaf expansion which is needed for better light

interception. This is in agreement with findings of Watson (1952). Leaf Area Index

(LAI) is a measure of the photosynthetic area of the plant per unit area of land. Lower

solar radiation within the polyhouse and rain shelter was the most important factor

that influenced height and LAI in the crops grown in these structures (Kotadia et al^

2012; Smitha and Sunil, 2016) and it was interpreted that this led to greater

vegetative vigour, better photosynthate accumulation and increased biomass

production in protected structures when compared to the crops in the open field. This

is in confirmation with the reports of Heuvelink (1999) and Rajasekar et al. (2013 ).

Irrespective of the varieties, crop duration was more in the polyhouse (87 to

90 days) while in the open field, duration was lesser ( 67 to 69 days). However, first

harvest could be taken in 27 to 29 days both in the open and polyhouse. As the

two experiments were conducted in two different years (2015 and 2016), a statistical

comparison on the performances under the two growing conditions could not be

made. Nevertheless, it can be presumed that the favorable microclimate for

vegetative growth, high rate of carbon dioxide utilization, protection from the abiotic

stresses and thus the favourable environment would have prolonged the spinach beet

growth in the polyhouse resulting in increased crop duration.

Temperature, light and humidity play a vital role for the growth and

development of crops. Misra and Pathania (2000) opined that in a protected

environment, shading reduces light intensity and cools the microclimate inside the

greenhouse. It is interpreted that the CO2 released by the plants during night hours

also gets trapped inside, which leads to increased photosynthesis during daytime.

Sirohi and Behera (2000) added that the evaporation from the soil and plants also

raises the humidity inside. All these had a bearing on the growth and yielding ability

of the crop. Monitoring the temperature, relative humidity and light intensity inside

\\0



the polyhouse, it was found that the former two were greater and light intensity was

lower than in the open field which would have been favorable for the growth of

spinach beet (Fig.4).The variations noticed is in concurrence with that reported by

Agarwal et ai (2003). The period from August to October in 2015 experienced

heavy rains , a total of 826.3 mm during the three months (Fig 1). The heavy rainfall

that occurred during the first month (Fig. 1) affected the crop establishment and early

stage of crop in the open field which affected the performance of the crop outside

during this season. Hence, the crop was re-sown in 2016.

Comparing the microclimate in the polyhouse with that outside during the

cropping period in the two conditions, open RH was 5.5 to 12.5 per cent greater,

temperature 2- 4*^ C higher and light intensity 25 to 55 K lux less in the (Fig. 3).

Crops cultivated in the open conditions are subjected to the unexpected changes in

weather elements and have to supersede the effects so as to yield substantially. In this

respect also the crop in the polyhouse was in an advantageous position.

Differential behavior of varieties under open and polyhouse conditions have

been documented by Wani et al. (2011) in tomato. In their study, the varieties that

recorded the highest yield in the polyhouse could only be the third highest yielder in

the open field.

5.1.2 Shelf life, quality and nutrient uptake in spinach beet

Tfiere was no significant variation among varieties in the shelf life of leaves

from the polyhouse under ambient conditions, while when grown in the open. All

Green had a significantly better shelf life (2.05 days) compared to the other varieties.

Retention of moisture and hence turgidity is an important determinant of the better

shelf life of green leaves. Potassium content and uptake has paramount importance in

this aspect and Table 26.iilustrates the significantly highest uptake of K (0.89 g

plant"' ) in All Green among the varieties grown in the open. The higher K content

might have improved the water relations in the leaf leading to better turgidity and

shelf life.

\\\
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spinach beet is widely regarded as a protective food which enriches human

diet with additional nutritive values. Green colour is a quality trait in leafy

vegetables. Chlorophyll that is responsible for the green colour was significantly

high in the leaves of variety Punjab Green in polyhouse and the variety All Green in

the open (Fig.6 & 7). This corresponds to the higher N and Mg contents recorded by

the two varieties in the specified growing condition. Tisdale e/ al (1990) have

documented the significant role of nitrogen and magnesium in chlorophyll

development and photosynthesis. It is well known that the pholosynthetic activity in

plants is based on the quantity of chloroplast pigment, which is directly proportional

to the amount of photosynthetic area of the leaves. The higher chlorophyll content

also contributed to the higher photosynthate production and higher yields in these

varieties.

Corresponding to the nitrogen content, the crude protein content was

significantly the highest in the variety Punjab Green in polyhouse and All Green in

open. Prakash (1999) had reported crude protein in All Green variety to range from

25 to 42 per cent. The high protein content in spinach beet upholds its nutritive

value among vegetables.

According to Anjana and Iqbal (2007), although leafy vegetables occupy a

very important place in the human diet, it constitutes a group of foods which

contributes maximally to nitrate consumption by human beings. This was based on

their earlier study on samples of leafy vegetables collected from the local markets of

Delhi which had revealed that a significant number of spinach and chenopodium

samples contained nitrate in concentrations higher than the Acceptable Daily Intake

(ADI) limit which is 0-3.7 mg kg"' body weight. In this regard, the nitrate content in

the spinach beet varieties assume importance. The results of the present study

indicated that the nitrate content in the varieties was in the range 0,104-.0.107 per

cent in polyhouse and 0.107-0.110 per cent in open, but, there was no significant

variation among the varieties in each condition.
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spinach beet is rich in vitamin A and vitamin C. Biochemical analysis of the

leaf samples and statistical analysis of the data revealed that the varieties did not

record any significant difference in vitamin A content in the polyhouse, while in the

open, the varieties showed variations that were significant. All Green recorded the

significantly highest content (23.53 lU). The report that on fresh weight basis,

carotene concentration increased in spinach and lettuce when exposed to high light

intensity (Oyama et a/., 1999) supports the observation recorded in this study, the

values of vitamin A being more in the open (19.87 to 23.53 lU) compared to that in

polyhouse crop (15.30 to 19.69 lU).

Varieties varied significantly in their vitamin C (ascorbic acid) content, Pusa

Bharathi showed the highest value (24.47 mg 100 g"') on a par with Punjab Green

(22.81 mg lOOg '). In the open. All Green recorded significantly higher vitamin C

content (30.31 mglOOg'')and was on par with that in Pusa Bharathi.

Comparison of ascorbic acid content in spinach beet grown in the open and

polyhouse revealed higher content in the former (26.92-31.31 mg 100 g"' ) while in

the polyhouse it ranged from 19.05- 24.47 mg 100 g ' among the varieties. Oyama et

al. (1999) and Weerakkody (2003) reported that ascorbic acid concentration generally

increased with increased exposure to light, particularly in leafy greens. Exposure of

fhiits to light accelerated the ascorbic acid synthesis in tomato (Shinohara et al,

1987). The ascorbic acid content of tomato fhiits was low in lower clusters and

remarkably high in the upper most fourth cluster of tomato plants. Further, Shinohara

(1982) established a close relationship between the light conditions and the ascorbic

acid content in different vegetables. In general, it is concluded that lower the light

intensity, lower the content of ascorbic acid in plant tissues (Weston and Barth, 1997;

Lee and Kader, 2000). Thangam and Thamburaj (2008) also reported decrease in

ascorbic acid content in tomato with shade.

Regarding nutrient uptake, the higher NPK uptake observed in the variety

Punjab Green followed by All Green in the polyhouse corresponded to the better

\\v



plant growth characters and higher yields and hence DMP observed in these

varieties. In open field, the uptake were found to be the highest in All Green and

between the growing conditions, polyhouse crop recorded comparably higher values.

It is interpreted that the microclimate in the polyhouse was ideal for the growth of

spinach beet and this resulted in better root distribution, absorption, foliar growth,

nutrient content and higher DMP. The Fe, Ca and Mg content in spinach beet varied

significantly among varieties both in the open and polyhouse. Varieties ,PusaBharathi

and Punjab Green recorded higher Fe, Ca and Mg in the polyhouse, and All Green in

open condition.

5.U Economics

Analysis of the economics of cultivation revealed significant differences in

net returns and B:C ratio among varieties(Fig. 8).The variety Punjab Green recorded

the highest net returns and B:C ratio followed by All Green in polyhouse and the

hybrids proved to be the least profitable. The better growth and yield characters

contributed to the higher yields in Punjab Green and All Green and hence the highest

returns. In Indam Kolkatta and Trendy, the low yields coupled with the high cost of

hybrid seeds, contributed to the lower net returns and B: C ratios.

As the experiment was done in an existing polyhouse and no maintenance and

drip installation cost were accounted to work out the cost of cultivation. The cost of

cultivation in polyhouse for 10 m^ was computed taking into account the cost of

inputs and labour charges alone. The inclusion of depreciation costs would render

the profits as loss.

In the open, net returns and B:C ratio of All Green were significantly the

highest (Fig. 9).The better growth in All Green was manifested in the yields recorded

and hence better returns.

On comparison of the cultivation in open and polyhouse, net returns were

higher in the polyhouse crop on account of the higher yields realized. Many of the

research workers attempting studies in polyhouse cultivation have reported several
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fold increases in yields that have resulted in better net returns and B:C ratios

compared to the open (Vattakunnel, 2014; Kumar et ai^ 2015; Athira, 2017). Based

on this experiment, All Green, proved to be a promising variety suited for both open

and polyhouse cultivation, the yield being 3.93 and 4.56 kg m'^ respectively and

corresponding B: C ratios being 1.19 and 1.38.

5.2 INFLUENCE OF NUTRIENT LEVELS ON THE PERFORMANCE OF

SPINACH BEET IN POLYHOUSE AND OPEN

5.2.1 Growth and yield

Optimum crop growth and yield depend on adequate availability of the

different plant nutrients (Averbeke et a/.,2007). Spinach beet being a leafy vegetable

responds well to nutrient applications, especially N.

In the present study, NPK levels were found to significantly influence the

plant height, taller plants were observed with higher doses at 15, 30, 45, 75 DAT and

at final harvest in the polyhouse. The influence of nutrient doses in the open field

condition also recorded almost similar trend. In both conditions, plants were the

tallest at the highest level of NPK (80:40:80 kg ha'). Leaf Area Index (2.33; 1.09 at

45 DAT) and number of leaves plant ' (35.7; 26.2) in polyhouse and open,

respectively were significantly higher in the highest NPK level. Higher nutrient doses

promoted growth and this was expressed as increased plant height and leaf area. The

progressive increase in the leaf area index with increased N fertilisers applied was

also noticed by Ramchandra (1978), Tambe (1989) in amaranthus and Etman (1992)

in spinach.

Balanced application of major nutrients is critical for plant growth and this of

great significance in leafy vegetables in which the vegetative parts form the economic

produce. Tambe (1989) observed that application of N, P, K together could improve

the nutritive quality as well as the yields of leafy greens of amaranthus. Based on the

investigation on the influence of different manures on spinach beet, Madhavi (2007)
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elucidated that the number of leaves plant"', total leaf weight plant"' and total yield at

harvest were the highest with the application of recommended dose of fertilizers @

80 : 40 : 50 kg NPK ha"'. Magen (2008) emphasized that to obtain high yields of

good quality, plants should be supplemented with nutrients especially N, P and K in

appropriate proportion. In the present study, the NPK ratio of 2:1:2, that was

recommended for spinach cultivation (Gairola et al., 2009) was maintained in the

treatments. The per plant and total yield in polyhouse (4.70 g plant' ; 80.71 kg m' )

and open (71.17 g plant"' ; 3.73 kg m"^) were significantly the highest in the highest

level of N, P and K. Positive effects of N (Jana et ai. 1999), P (Nemadodzi, 2015)

and K (Dzida et al., 2011) in spinach beet cultivation have been documented.

Chakraborty et al. (2015) reported significantly superior number of leaves, LAI,

number of branches and yield in palak with 300:200:300 kg NPK ha"'.Singh et al.

(2015) also documented the significant influence of the highest dose of N on plant

growth, leaf yield and quality traits of spinach beet var. All Green.

The trend of spinach beet in polyhouse recording better growth and yields

compared to the open with varied NPK levels remained similar to that of the

varieties performing comparatively better in the polyhouse.

5.2.2 Shelf life, quality and nutrient uptake in spinach beet

The different nutrient levels did not influence the shelf life of leaves either in

the open or polyhouse. Chlorophyll content was the highest in 80:40:80 kg NPK ha"'

applied plots under both growing conditions. Nitrogen plays a significant role in

chlorophyll synthesis and hence the higher content (Fig. 10) contributed to the higher

chlorophyll in the treatment which received the highest level of nitrogen. It is also

assumed that the ensured balanced nutrition in (80:40:80 kg NPK ha"') might have

resulted in well developed leaves with greater chlorophyll content. The observation

on chlorophyll content is in line with the findings of Kumar (2011).

The NPK uptake were significantly higher with the highest dose of NPK tried.

Nutrient uptake is a positive function of dry matter yield (Ramakal et al. 1988).
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Islam et al. (2011) have documented better nutrient uptake in palak with integrated

(organic + chemical) nutrient management.

Onyango et al. (2011) stated that the mineral nutrient supplied to the crop not

only decides the productivity, but also the nutritional value of the crop. The authors

have elucidated the significant roles of the three major nutrients- nitrogen governs

plant growth by virtue of being a major constituent of chlorophyll, protein, amino

acids and photosynthetic activity; phosphorus plays a significant role in root growth,

enhances utilization of soil nutrients and water by plants, and finally increase crop

yields while potassium activates plant physiology, improves quality, increases disease

resistance, prevents lodging and makes the plants capable of surviving moisture

stress.

Better absorption as illustrated in the nutrient content (Fig. 10 ) favourably

affected the qualitative factors in spinach beet. Protein, vitamin A, C and Ca content

were the highest at the highest NPK level, while Fe and Mg showed fluctuations. The

trend in protein content indicated that higher amounts of N applied played a key role

in enhancing the protein content of crop as nitrogen is a constituent of protein. The

protein content was significantly reduced in the treatment receiving the lowest level

of nitrogen. Similar results were reported by Ahmed (1992) in spinach and Prakash

(1999) in spinach beet. Reports on higher ascorbic acid content with higher doses of

N have been documented (Rajput et al., 1989). Similarly increased beta carotene

content of vegetables at increased levels of nitrogen have also been reported

(Mozafar, 1993; Flores et al., 2004). In accordance with the present study results,

Maurya and Goswami (1985) also reported the highest carotene content with

balanced NPK application.

The observations bring to focus the fact that based on the yield and

nutritional factors, 80 :40 :80 kg NPK ha ' is the best dose for cultivation of spinach

beet in the open and polyhouse conditions.

\
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Leafy vegetables are known to contain nitrates in levels that when consumed

can cause severe pathologies in humans (Wang and Li, 2004). The nitrate level in

spinach leaves were found to increase with increased NPK application, the trend

being the same under both growing conditions and in the open was significantly the

highest at 80:40:80 kg NPK ha"'. A similar observation of increased nitrate content

with increased N application was reported in lettuce (Liu et ai, 2014).Leafy

vegetables respond well to increased N application. Nevertheless, when applied in

excess, some of the N taken up, will accumulate as nitrate in the vacuoles instead of

being converted to amino-nitrogen (Martinoia et ai, 1981; Demsar et ai, 2004). This

accumulated foliar nitrate poses a health risk when consumed in large quantities and

is often subject to regulation. Therefore, the benefits of increased yield and increased

protein content of leafy vegetables arising from nitrogenous fertilisation need to be

balanced against the risk of excessive nitrate contents. Integration with organic

manures has been recommended as a viable option to reduce the nitrate contents in

leaves (Rajeswari and Shakila, 2010).

5.2.3 Soil properties

Significant increase in the available N, P and K status in soil were observed

with higher NPK levels both in the polyhouse and the open field. Nevertheless,

available N decreased from the initial status in contrast to P and K, wherein

increases were noticed. The economic produce in spinach beet is the leaves and N is

known to have a superior role in vegetative growth, especially in the number of

leaves, size of leaves, chlorophyll and protein content. The uptake values were higher

for N and hence the increased absorption in addition to that supplemented by the

different levels might have decreased the soil N status. The decline in N was more in

the lower nutrient level confirming the reason stated. The P and K supplied through

the chemical fertilizers would have been more than the requirement and uptake of P

and K, and hence added to the soil status.

\



5.2.4 Economics

All management factors being same, the variation in the cost of cultivation

was mainly due the differences in the cost of fertilizer input at the different levels of

N, P and K. The gross returns was the highest in the NPK dose of 80:40:80 kg ha^'on

account of the higher yield (Fig.9 ). The net returns and benefit cost ratios were in the

order N3>N2>Ni.The pattern was same both in the open and polyhouse. The higher

returns with the highest NPK levels in spinach beet has been reported by Kumar

(2011).

5.3 INTERACTION EFFECT OF VARIETIES AND NUTRIENT LEVELS ON

THE PERFORMANCE OF SPINACH BEET IN POLYHOUSE AND OPEN

CONDITION

The interaction effects of varieties and nutrient levels did not always follow

the same trend as observed in individual effects of variety and nutrient level. The

results are discussed below

5.3.1 Performance of Spinach Beet in Polyhouse

The combination of All Green and 80 :40:80 kg NPK ha"' was found to record

the significantly the highest yield (5.06 kg m'^), on a par with Punjab Green at 80

;40;80 kg NPK ha"' (5.01kg m"^) and is depicted in Fig. 11. Although the total leaf

number plant"' and LAI were higher for Punjab Green at 80:40:80 kg NPK ha"', the

interaction effect revealed All Green at the highest NPK level to yield better. Net

returns computed for 10 m"^ were also maximum for All Green and 80:40:80 kg NPK

ha"'combination (^. 1045.3),but, on a par with Punjab Green at 80:40:80 kg NPK ha"'

(?. 1015.5). This is illustrated in Fig.12. The higher yield was responsible for the

maximum returns realized. Nitrogen and P content were higher in Punjab Green

+N3Combination and K, in All Green + N3. Owing to the higher DMP, the NPK

uptake recorded higher values in Punjab Green at 80:40:80 kg NPK ha"'. Chlorophyll

contents and shelf life were also significantly higher in this combination. Among the

\
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quality parameters, the influence was not significant except in Fe, Ca and Mg content

which were higher in \2X\2 (Fe and Ca) and vjns (Mg). The interaction effects on the

soil properties were non significant.

S3.2 Performance of Spinach Beet in Open Field

Yields were significantly the highest in the combination Pusa Bharathi at

80:40:80 kg NPK ha''(4.14 kg m"^) followed by All Green + 80:40:80 kg NPK ha"
1  2 •(4.02 kg m" ),despite the individual effects of the latter variety being better.

Maximum net returns (^. 495.39 for 10 m " )and B: C ratio (1.25) were obtained for the

Pusa Bharathi + 80:40:80 kg NPK ha"'(v2n:i) combination (Fig.l3). All Green +

80:40:80 kg NPK ha 'had significantly higher N and K content and P content was

higher in V2n3. NPK uptake was the highest in All Green + 80:40:80 kg NPK ha''.

The interaction effect on soil properties, organic carbon, available N, P and K

were not significant.

The results of the study revealed that among the five varieties tested, Punjab

Green recorded significantly higher yields in the polyhouse and variety All Green in

the open. Among the nutrient levels, the dose of 80 :40:80 kg NPK ha'' was superior,

both in the open and polyhouse. Taking into account the economics of cultivation, the

combination. All Green + 80:40:80 kg NPK ha ' was the most profitable for

cultivation of spinach beet in the polyhouse while PusaBharathi + 80:40:80 kg NPK

ha"', in the open condition.

Although statistical comparisons could not be made, it could be summarized

that polyhouse cultivation of spinach beet is more profitable than open cultivation.

The higher yield in the polyhouse might be attributed to the favourable microclimate

that promoted vegetative growth under protected condition The leaves being the

economic part ,increased leaf size and number in the polyhouse led to the higher

yields in this growing condition. Further, the crop was protected from the direct

effects of the weather elements, especially high temperatures and rainfall, that would

otherwise have affected the crop when grown in the open.
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Year round cultivation is possible in polyhouse with proper temperature and

moisture regulation. The crop failure experienced during the open cultivation of

spinach beet clearly demonstrates the suitability of the crop only during low rainy

months ie., during October to February. A temporary protection should be provided

during the heavy rainy days that may coincide during this period in southern Kerala.

Being a short statured crop (maximum height 31 cm), the high soil temperature will

also affect the crop growth and hence summer months could not be recommendable

in spinach beet under open field condition.
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6. SUMMARY

The experiment entitled "Productivity of spinach beetas influenced by

varieties and nutrient doses" was undertaken at College of Agriculture, Vellayani to

assess the suitability of five varieties of spinach beet under protected and open

conditions, to standardize the nutrient doses and to work out the economics of

cultivation.

The experiment was laid out in split plot design in the Instructional Farm

attached to the College of Agriculture Vellayani under protected and open conditions

as t\\'0 separate experiments during August-November 2015 and 2016, respectively.

The treatments included five varieties (Vi: All Green; V2: Pusa Bharathi; V3: Punjab

Green; V4: Indam Kolkatta; V5; Trendy) in main plots and three nutrient levels ( Ni:

40:20:40 kg NPK ha"'; N2: 60:30:60 kg NPK ha"'; N3: 80:40:80 kg NPK ha') in sub

plots with four replications.

The salient results of the study are summarized in this chapter

6.1 SPINACH BEET UNDER POLYMOUSE CONDITION

The results revealed that the varieties, levels of NPK and their interaction had

significant influence on the growth, yield and economics of cultivation of spinach

beet

• Among the five varieties, Punjab Green was superior in terms of number of

leaves plant*' and LAI which resulted in significantly higher yield.

Maximum yield was recorded by Punjab Green (4.78 kg m"^ ) followed by All

Green (4.56 kg m"^). The highest NPK level of 80:40:80 kg ha ' registered

significantly taller plants, higher number of leaves plant*', LAI and yield (4.7

kg m'^). Interaction effects were also significant - vjns ( All Green at

80:40:80 kg ha*' ) recorded maximum yield (5.06 kg m*^) followed by V3n3,

Punjab Green at 80:40:80NPK kg ha '(5.01 kg m"^).
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Varieties had significant influence on DMP and NPK uptake. The DMP was

significantly high in the variety Punjab Green (37.22 g plant"') and was on

par with All Green (31.34 g plant '). The NPK uptake was also the highest in

Punjab Green. The DMP and nutrient uptake varied significantly with the

nutrient levels and increased in the order N3> N2>N!. The interaction effect of

Punjab Green at 80:40:80 kg NPK ha 'recorded significantly superior N,P and

K uptake.

The shelf life of the leaves kept under ambient conditions did not show any

significant variation with either the variety or nutrient level but the interaction

effect was significant. Punjab Green with the highest NPK level (80:40:80

kg NPK ha"' ) recorded increased shelf life (2.74 days).

Chlorophyll content varied significantly among varieties and nutrient levels. It

was significantly high for the variety Punjab Green and the highest NPK

level. The interaction effect of the two individual effects recorded

significantly higher chlorophyll content compared to the other interactions.

Assessing the varietal effects on quality parameters, protein, vitamin A and

Fe content were significantly the highest in Punjab Green while vitamin C

was highest in Pusa Bharathi. Ca and Mg were significantly higher in All

Green and Punjab Green respectively. Variations in nitrate contents were non

significant. The NPK level of 80:40:80 kg ha"'registered the significantly

highest protein, vitamin C, Ca and Mg content. The influence on vitamin A

and nitrate contents were non significant. Interaction effects were significant

for mineral contents alone.

The soil chemical properties did not differ significantly with varieties,

whereas available NPK status in soil increased significantly with higher levels

of NPK application and the highest status was observed with N? (80:40:80

kg NPK ha"').
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• Maximum net returns and B:C ratio (computed for 10 m^) were realized with

^he variety Punjab Green ( f 881.59 and 1.44) and among nutrient levels, N3

was most economical 835.54 and 1.42). Interaction effects of All Green

and Punjab Green at 80:40:80 kg NPK ha ' proved superior in terms of net

returns and B:C ratio for cultivation of spinach beet under protected

condition.

6.2 SPINACH BEET UNDER OPEN CONDITION

•  In the open, among the five varieties tested, AM Green was found to record

significantly taller plants with the highest number of leaves (27.1 planf').

Significantly superior LAI and yield were registered in All Green. The

highest yield recorded in All Green was 3.93 kg m^ and the lowest in

Trendy (3.42 kg m"^). The effect of NPK levels was significant in LAI,

number of leaves plant"' and yield, the values increasing with increase in

the doses. Among nutrient levels, N3 (80:40:80 kg NPK ha"') showed

significantly superior growth attributes and yield. The interaction, Pusa

Bharathi + 80:40:80 kg NPK ha*', was significantly superior in yield (4.14

kg m"") remained at par with All Green + 80:40:80 kg NPK ha ' (4.02 kg

m"^).

• The varieties did not differ significantly in their crop duration (67 - 69

days) and interaction effects were also non significant.

•  Shelf life varied with varieties and it was observed that All Green leaves

could be retained fresh under ambient conditions for the highest number

of days (2.05). Effect of NPK levels and interactions were non significant.

•  Chlorophyll content was the highest in the variety All Green (0.33 mg

g '), highest NPK level (0.3 Img g*') and their interaction (0.35 mg g*').

•  Dry matter production and NPK uptake were significantly the highest in

All Green and increased with increasing doses of NK applied as
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treatments. Interaction effects were also significantly superior for the

above combination.

• Varieties exerted significant differences in vitamin A, vitamin C, protein

and mineral content. Protein content, vitamins A, C, Ca and Mg were

thehighest in variety All Green, while Fe content was highest in Punjab

Green. Among nutrient levels, variations were significant and the highest

NPK level registered the highest values for vitamin C, Ca and protein. The

interactions were significant for vitamin C, protein and Mg, All Green at

80 :40:80 kg NPK ha"' recorded the highest values for the former two

parameters while All Green at 60 :30:60 kg NPK ha ' showed the highest

content of Mg.

• Nutrient levels significantly influenced the nitrate content, maximum

(0.112 %), being with the highest level N3.

•  The effect of NPK doses was significant on soil properties, available NPK

in soil increased significantly with increase in NPK levels.

•  Economic analysis showed that among varieties, maximum net returns and

benefit cost ratio were realized with the variety. All Green ( ? 371.38 for

10 m "and 1.19) and among nutrient levels, 80:40:80 kg NPK ha"' was

superior (? 318.67 10 m"^ and 1.16). Interaction effects revealed that the

combination of Pusa Bharathi and 80:40:80 kg NPK ha"' to be the most

profitable ( B:C ratio - 1.25) followed by All Green + 80:40:80 kg NPK

ha"'( B;C ratio- 1.21).

Based on the study it could be concluded that

•  Punjab Green is the most suitable variety of spinach beet for

polyhouse cultivation and All Green, for open cultivation

NPK @ 80:40:80 kg ha"' is the most suitable nutrient dose for both

conditions irrespective of the variety.



• Considering the economics, the combination of All Green & 80:40:80

kg NPK ha 'is the most profitable for polyhouse cultivation and Pusa

Bharathi + 80:40:80 kg NPK ha"', for open conditions.

•  In the absence of the most suited variety, All Green can be

recommended for cultivation in polyhouse and in open at a nutrient

dose of 80:40:80 kg NPK ha"'.

Future line of work

•  Examine the possibility of organic nutrition in spinach beet

•  Explore the effect of foliar nutrition

•  Evaluate the suitability of spinach beet for vertical farming in different

structures
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ABSTRACT

The investigation entitled "Productivity of spinach beet as influenced by

varieties and nutrient doses" was carried out at College of Agriculture, Vellayani,

Thiruvananthapuram to assess the suitability of five varieties of spinach beet under

protected and open conditions, to standardize the nutrient doses and to work out

the economics. The experiment was laid out in split plot design in the Instructional

Farm, College of Agriculture Vellayani at 8.5® N latitude, 76.9 ® E longitude, under

protected and open conditions as two separate experiments during August- November

2015 and 2016 respectively. The treatments included five varieties (Vi: All Green;

V2: Pusa Bharathi; V3; Punjab Green; V4: Indam Kolkatta; V5: Trendy) in main plots

and three nutrient levels ( N): 40:20:40 kg NPK ha''; N2: 60:30:60 kg NPK ha"'; N?:

80:40:80 kg NPK ha ') in sub plots with four replications. The soil belonged to the

order oxisol.

The results of the experiment under protected condition revealed that among

the five varieties tested, Punjab Green was found superior in terms of the number of

leaves, leaf area index (LAI) and yield. The maximum leaf yield recorded by Punjab

Green was 4.78 kg m"' followed by All Green (4.56 kg m"^). Plant height, total

number of leaves plant ' and LAI were significantly higher at N3 (80:40:80 kg ha

')compared to the lower doses. The same NPK level recorded the highest yield of
4.70 kg m"' which was significantly superior to the other levels. The interaction

effects were significant with V|n3 recording maximum leaf yield (5.06 kg m"')

followed by V3n3 (5.01 kg m"').

Nutrient uptake (NPK), protein and Fe contents were the highest in Punjab

Green which was significantly superior to the other varieties, while vitamin C was the

highest in Pusa Bharathi. Spinach beet fertilized with 80:40:80 kg NPK ha ' showed

significantly higher values for NPK uptake, Ca content and vitamin C. Soil pH was



found to increase with higher levels of nutrients and organic carbon content

decreased from the initial values. Available NPK status in soil were found to increase

with the increased NPK application.

The var. Punjab Green showed maximum net returns (? 881.59fTom lOm^)

and benefit-cost ratio (1.44) and among nutrient levels, nutrient dose of 80:40:80 kg

NPK ha"' was found to be the most economical (net returns from 10 m^ - ̂ 835.54,

B:C ratio- 1.42). Taking into account the interaction effects, the varieties All Green

and Punjab Green at 80:40:80 kg NPK ha ' could be recommended for cultivation

under protected conditions.

In open field condition, the var.All Green recorded significantly taller plants

with the highest number of leaves, LAI and leaf yield. Among the different nutrient

levels, N3 (80:40:80 kg NPK ha"') was found to be significantly superior in yield

attributes and leaf yield in spinach beet. The interaction of Pusa Bharathi and 80: 40:

80 kg NPK ha"' registered significantly higher yield (4.14 kg m"^) followed by All

Green at 80 :40 : 80 kg NPK ha"' (4.02kg m^).

Nutrient uptake, vitamin A, C, protein and Ca contents were significantly high

in the var. All Green and inthe nutrient dose of 80 :40:80 kg NPK ha"'. Interaction

effect of the above combination (vmO also recorded higher values for the plant

nutrient contents. Available N, P and K contents in soil significantly increased with

increase in NPK levels.

Economic analysis revealed that the interaction vans (Pusa Bharathi and 80

:40 : 80 kg NPK ha"') was most profitable ( net returns ? 495.39 from 10 m"^ and B:C

ratio 1.25) followed by Vin3( net returns ̂  418.36 from 10 m'^ and B:C ratio 1.21).

The variety Punjab Green and All Green were the most suitable varieties for

cultivation in polyhouse while All Green and Pusa Bharathi could be recommended

for cultivation in the open. The Ca, protein chlorophyll content and NPK uptake

were the highest in Punjab Green and All Green in the polyhouse and open

respectively. The NPK dose of 80:40:80 kg NPK ha"'was found to be the suitable



nutrient dose under both conditions irrespective of the variety. Taking into account

-Ithe economics of cultivation, the combinations, All Green + 80:40:80 kg NPK ha

was the most profitable in the polyhouse while Pusa Bharathi + 80:40:80 kg NPKha"',

for cultivation in the open.
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(TUo(.C/)af)o ^

^ejoj^(^oj^ce6>o1aj1g<fia§1«i8 gc/80r^j(T7) aiOQi<e^ ii/l<0CQil(5S

ancu1a)CQ)1(D60196)gCQ)^o ajgCrtJSCQ^OCneamnOQ)^© (31^CrJaJGI20<e6)1 2015-I6 Ojdnftd6ST3g1eJOCQ)1

6)aiggOCQJ6TDl d93O(8oad1e0> GoBaOGgSS aj1gaJ{OloJOejmai1eO(narrO)1(OS OXSOJnadGTDoJOODo

o)S(OTS)j<e)CD)^6nso<D^]. (O^ocjyD®) (TUDej^rogle^o AnrcTiflnco^rj^eimglfiyo (m)o(0(»an{0)(fi3^ran)

(Braa)^ccQ)DSjaDaD ^cno, nJOAjscocflBoCN), eDajono(P) ,<fifliD<oo(K) Cojo^fflt&a^ejt&eoflg^os

ca3)0(d), ojoejjfi^ <e>^fancQ)k55 @ojcq);6>s ajdJcuJoAjeKii CTi\A6g^<s^\s6)iA nQ)(TD eiAad^erocgoos

oJolcSaademo ©cyggoccDsml gnftcnJiSoajgnDSj^ odooW (TUryi^G(^D§ ojol^ooxxTti (Dlffl)1cD)l(56

fnS(^1ejo<fi6)'l .oraeial ^ct)60BC/8 (fl3T^{;3ca)1a&, aJirrueo(Q«S)l, njermjoerij ioflct&y ^oSodoo

cfe(El6ce6)§, OCSOSOJUl) CIJCTDJ NPK G«J)0{D)^£eiy3 (80:40:80; 60:30:60; 40:20:40 t6)l6)fin<&S^

ejorrncn) cooajj (ooiem (mfa)aj^cm?j)1^ - (DOJoeru^ 2015 rinfcnflnw^nnmronejjo

2016 (53 (0)^O(UyDCa)nUQej(OT»Jo <£b^f^lQQ)10ce€>1.

(Yuo(Dd93afl«y) <fib^fa^CQ^l(l^3 ajenajocnjtcolnS n©gajjo cr)^QQ)la)(2iocD)^o 6)nn<£bso1cn

80:40:80 cfolcseiO NPK OnOiflbS^ Oilgajleijo OJ(DJfflOCD(iyTa)leJJo rtQgOJJo 6Haaj6)(^§(5)0QQ)Jo

6)(mgl6rmoj. a^(TDO(o3 NPK csaj(o^Grmo(/3 (m^(^(,co1a3/oJ6T?ajosnJta)*i(Tr3,+80:40:80 dtol. NPK

6)af)j&S6)oo(Trncn o^cTD aift>0o6iijl(S(Drai(D06rn CD|U(OOCQ)1 eesemtc).

(0)^o(j;^DCQj o^goj^o (macnjGOOJOSSjjiaociwl ceu6n3((:n (0Ta)O3cco1a3 o^jcnn

rLl0ej<e6)1CD(Z106m. ^aHftSOOJo ©nnofosolmj B0:40:80 Si\. NPK OiagOJ (a)©(TT)OQ>OCD)l(t)iCrDJ

(zOcea^an. ©mo-Kugo n^cm (Stfeooeaflcsmowcnlflja ojjcnjoeoaxrol +80:40;80<a»1. NPK (2n<fe^

ci/lgojjo ojoeojjo or)Gy<fiD2^®)ocQ)1 cQsoengfljTojcuonS AtfleTtrroj.
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Appendix-1

Weather data for the cropping period (August 2015 to September 2015)

Standard

weeks

Temperature (^C)
Rainfall

(mm)

Relative humidity (%) Bright
sun

shine (h)
Maximum

temperature

Minimum

temperature
Maximum Minimum

31 31.3 24.5 2.3 87.6 78.1 9.9

32 31.8 24.7 1.1 90.0 76.1 9.5

33 32.4 24.7 57.6 87.9 73.4 8.9

34 31.8 24.7 15.9 91.3 76.7 9.6

35 31.9 24.7 0.0 89.9 81.1 10.2

36 31.5 24.2 101.2 91.7 84.3 6.7

37 31.2 24.0 67.3 93.4 86.4 8.6

38 31.0 24.6 66.0 93.1 81.9 8.3

39 31.8 24.5 55.3 88.9 83.0 8.2

40 31.2 23.9 34.8 91,9 79.0 8.6

41 31.3 23.8 149.1 92.6 80.6 8.3

42 31.4 24.4 20.7 91.3 78.9 7.8

43 31.2 24.2 50.9 93.3 82.4 7.8

44 31.1 23.5 204.1 92.7 81.0 9.3
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Appendix- II

Weather data for the cropping period (August 2016 to November 2016)

Standard

weeks

Temperature ("c)
Rain fall

(mm)

Relative humidity(%) Bright
sunshine

(h)
Maximum Minimum Maximum Minimum

31 31.2 24.9 6.0 91.9 76.7 9.3

32 32.3 25.2 1.0 88.7 75.3 9.7

33 31.8 24.5 9.6 92.1 77.4 9.6

34 31.8 25.0 20.8 91.0 76.0 9.7

35 31.7 24.5 2.0 91.0 77.4 9.2

36 31.5 34.4 0.2 92.3 76.6 9.4

37 31.9 24.5 91.3 91.3 74.9 9.6

38 32.0 24.7 2.6 92.2 76.8 9.2

39 31.9 24.7 0.0 91.1 74.3 9.1

40 31.7 24.3 0.0 90.9 74.1 9.7

41 31.6 24.3 0.0 90.3 76.3 9.7

42 32.1 24.3 12.0 88.0 74.0 9.0

43 31.5 24.1 0.0 91.4 75.7 8.5

44 31.9 24.4 30.6 92.4 80.4 7.7

45 32.0 24.2 0.0 91.7 76.7 7.6

46 31.7 24.0 2.0 92.1 77.6 6.7

47 32.2 24.2 10.2 94.9 82.6 6.9

48 32.0 23.4 24.0 92.1 79.3 8.0



Appendix- III

Weather data during the cropping period in polyhouse (August 2015 to November 2015)

Standard

Weeks

Soil

temperature

(°C)

Air

temperature

('C)

Relative

humidity (%)
Light intensity
(K lux)

33 29.7 33.4 90 54.4

34 30.0 32.0 93 43.1

35 30.3 33.1 92 42.1

36 30.3 33.5 94 44.1

37 29.6 33.0 95 45.0

38 30.4 33.4 90 44.1

39 31.0 33.3 9! 41.9

40 29.1 32.3 94 31.1

41 30.0 33.0 95 44.6

42 29.3 32.7 93 49.3

43 29.0 31.7 95 47.3

44 29.4 32.5 95 47.4

t:'



APPEDINX-IV

Average input costs and marketing price of produce

Items Cost (?)

Inputs

Seeds

All Green 180 kg'
Pusa Bharathi 210 kg"'
Punjab Green 180 kg'
Indam Kolkatta 1000 kg"'
Trendy 2000 kg'
Labour wages

Men 600 day"'
Woman 600 day"'

Manures and Fertilizer

Farm Yard Manure 5 kg-'
Urea 8 kg-'
Rock phosphate 15 kg"'
Muriate of potash (MOP) 18 kg-'
Produce

Market price of spinach beet 60 kg"'
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