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Preface 

We would like to present, with great pleasure, the inaugural volume-9, Issue-2, February 2023, of a 
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the AD Publications series in the field of Environmental & Agriculture Research Development, and is 

devoted to the gamut of Environmental & Agriculture issues, from theoretical aspects to application-

dependent studies and the validation of emerging technologies. 

This journal was envisioned and founded to represent the growing needs of Environmental & Agriculture as 

an emerging and increasingly vital field, now widely recognized as an integral part of scientific and 

technical investigations. Its mission is to become a voice of the Environmental & Agriculture community, 

addressing researchers and practitioners in below areas. 

Environmental Research: 

Environmental science and regulation, Ecotoxicology, Environmental health issues, Atmosphere and 

climate, Terrestric ecosystems, Aquatic ecosystems, Energy and environment, Marine research, 

Biodiversity, Pharmaceuticals in the environment, Genetically modified organisms, Biotechnology, Risk 

assessment, Environment society, Agricultural engineering, Animal science, Agronomy, including plant 

science, theoretical production ecology, horticulture, plant, breeding, plant fertilization, soil science and 

all field related to Environmental Research. 

Agriculture Research:  

Agriculture, Biological engineering, including genetic engineering, microbiology, Environmental impacts 

of agriculture, forestry, Food science, Husbandry, Irrigation and water management, Land use, Waste 

management and all fields related to Agriculture. 

Each article in this issue provides an example of a concrete industrial application or a case study of the 
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Environmental & Agriculture Research. 
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Abstract— In North-east India including Assam, available Manganese [Mn2+] in soil is 3- 52 ppm with a critical limit 2-3 

ppm. In plants, [Mn2+] is 15-20 ppm g-1 dry weight, in excess of which Mn becomes toxic to crop plants (Basumatary et al., 

2014). There is a paucity of information on the effects of natural or synthetic plant growth regulating subnstances viz., 

Cytokinin, Coconut milk and Calcium chloride on amelioration of Mn toxicity of rice crop grown in acid soil condition of 

Assam. So, a pot experiment was conducted to investigate into the effects of root-dip treatments of rice crop with these 

substances on biochemical performance of four rice genotypes (Kanaklata, Bishnuprasad, Jyotiprasad and Numoli) cultivated 

in acid soil enriched with higher Mn (30ppm native Mn plus 20ppm added Mn). At 20 ppm Mn application, there were 

decreases in total chlorophyll content (14.52%), NR activity (17.77%), Carbohydrate content (3.83%). In contrast, soil treated 

with 20 ppm Mn as basal at vegetative stage along with the overnight (≈12h) root dip treatments (RDT) of rice varieties with 

Cytokinin (100ppm), Coconut milk (10 times dilution) and CaCl2 (100ppm), enhenced Cholorophyll a (3-525-19.771%), 

Chlorophyll b (1.917-19.55%), total chlorophyll contents (4.13-6.35%),) in leaf, NR activity (4.46-10.08%) and carbohydrate 

content in grain (2.24-10.92%). The variety, Kanaklata was found to be the best based on the biochemical parameters (total 

Chl:1.861 mg g-1 f.w, Chl ‘a’ (0.924 mg g-1 f.w), Chl ‘b’ (0.933 mg g-1 f.w), Carbohydrate: 9.202 mg g-1, and [Ca2+] in roots 

(59.35ppm). 

Keywords— Acid soil, Calcium chloride, Carbohydrate, chlorophyll, Coconut milk, Cytokinin, Manganese, Nitrate 

reductase. 

I. INTRODUCTION 

Manganese (Mn) being a micronutrient, at a congenial concentration plays vital roles on growth and development of rice crop 

cultivated on acidic soil condition. Mn is involved in activating more than 35 enzymes in plants (Mousavi et al., 2011), Mn2+ 

along with Ca2+ has the power of catalysing the Hill's reaction in the process of photosynthesis (Aref, 2012). Application of 

Mn especially on older leaves helps in photoassimilation (Agustina, 2011). Because, Mn influences chlorophyll synthesis, and 

its presence is essential in photosystem II (Diedrick, 2010). However, an excess of Mn2+ is toxic for most plants (Millaleo et 

al., 2010). Moreover, Mn2+ becomes toxic to all susceptible plants on acid soils in contrast to calcareous soils (high soil pH) 

and organic soils (Alejandro et al., 2020).  

Information how the excess Mn2+ brings about biochemical changes in upland rice crop grown in acid soil condition of Assam 

are available (Yomso and Bharali, 2021). Efforts on amelioration of physio-biochemical disorders in Boro rice due to higher 

Mn2+ are lacking. It's known that Cytokinin is involved in cell division, and Calcium is one of the integral components of cell 

wall and cell membrane in plants (Bharali et al., 2015). The hypothesis was that accumulation of root biomass through its 

Received:- 06 February 2022/ Revised:- 12 February 2022/ Accepted:- 20 February 2022/ Published: 28-02-2023 
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proliferation, and maintenance of membrane integrity either directly by adherence of [Ca2+] or indirectly by the action of growth 

regulating substances impart tolerance to Mn2+ toxicity on rice crop in acid soil condition of Assam. Therefore, the present 

research work was carried out incorporating Cytokinin, Coconut milk and Calcium chloride as root dip treatments of upland 

(Boro) rice crop in presence of higher Mn in acid soil condition. 

II. MATERIALS AND METHODS 

A pot experiment (Jan-July, 2021) replicated thrice, laid out in completely randomized design with two factors i.e. Varieties 

and Treatments, was executed in the department of Crop Physiology, Assam Agricultural University, Jorhat (26045' N Latitude, 

94012' E Longitude having an altitude of 87 meter above mean sea level). The crop growing season was marked by the moderate 

rainfall (total 30.5 mm), cumulative bright sunshine (38.5 hours), and average RH (87-98%). The soil was acidic in nature, 

characterised by low pH (4.89 and 5.60), higher Mn contents (26.5 & 30ppm) initially and at harvest of the crop respectively. 

Twenty five days old seedlings of four rice varieties (Kanaklata, Bishnuprasad, Jyotiprasad and Numoli) were up-rooted, 

washed the roots gently so that tender roots were not injured but the excess soil debris were removed. Then, the roots were 

dipped overnight (≈12 hours) in respective solutions viz. CaCl2 (500ppm), Cytokinin (100ppm), Coconut milk (10 times 

dilution with distilled water) and control (distilled water). These root dip treated seedlings (n= 3 per pot) were transplanted on 

to pots. N, P and K fertilizers were applied in the form of Urea, Single super phosphate (SSP) and Muriate of Potash (MoP) at 

the rate of 60:40:40 Kg ha-1. Accordingly, 17.4g Urea (first dose of nitrogen), 66.9g of SSP and 8.9g of MoP were applied as 

basal, and the rest of the Urea (17.4g) was applied at the maximum tillering of the crop. A persistent irrigation (2-3cm) was 

given from the time of transplanting of rice seedlings till one week prior to the harvest. Weeding was done manually as and 

when required. 20 ppm Mn as MnSO4.7H2O was applied as basal at vegetative stage. Chlorophyll contents in leaf were 

estimated by non-maceration, Dimethyl Sulfoxide (DMSO) method (Hiscox and Israelstam,1979). Mn content in shoot at 

heading stage (≈70DAS) and in grain at harvest was solubilised by digestion with a mixture of sulphuric and nitric acids, and 

its contents were estimated spectrophotometrically using Methylene Blue method (Beck et al.,2006) In vivo nitrate reductase 

activity was estimated experimentally at 540nm (Thimmaiah, 1999). Total carbohydrate content in grain was estimated 

following Anthrone method (Hedge et al., 1962). Exchangeable [Ca2+] was estimated using the EDTA (Ethelene Diamine Tetra 

Acetic Acid) method (Jackson, 1973).  

III. RESULTS AND DISCUSSION 

The soil used in the pots was acidic in nature throughout the experiment. Of course, there was 12.67% increase in soil pH at 

harvest stage of the crop over the initial soil pH. The exchangeable Mn content in soil varied (26.5-30ppm) during the crop 

growth stages. So, the Mn status of the soil was medium (Basumatary et al., 2014). There were significant variations in total 

chlorophyll contents in plants due to the treatments with the growth regulating substances. At maximum tillering stage (Table 

1a), the highest (1.795 mgg-1 fw) total chlorophyll content was recorded in plants treated with 20 ppm Mn plus 100 ppm 

Cytokinin, and the lowest (1.471 mgg-1 fw) was found in plants grown with 20 ppm Mn. On an average, among the genotypes, 

Kanaklata recorded the highest total chlorophyll content (1.861 mgg-1 fw), and the lowest was in Bishnuprasad (1.335 mgg-1 

fw). At heading stage (Table 1b), too, the highest (1.762mgg-1fw) total chlorophyll content was recorded in plants under 20 

ppm Mn plus 100 ppm Cytokinin treatments, and the lowest (1.418mgg-1fw) was estimated in plants treated with 20 ppm 

MnSO4. The variety Kanaklata recorded the highest total chlorophyll content (1.791 mgg-1fw)>Nomuli (1.671 mgg-1fw). 

Overall, Jyotiprasad (1.553 mgg-1fw) had the highest, and Bishnuprasad (1.316 mgg-1fw) possessed the lowest total chlorophyll 

contents. There was decline in total chlorophyll content by (14.06%) at 20 ppm Mn application. However, the plants treated 

with 20 ppm Mn as basal plus 500 ppm CaCl2 (RDT) (10.90%) had the highest value followed by (>) 20 ppm Mn as basal plus 

100 ppm Cytokinin RDT (6.35%)> 20 ppm Mn as basal plus Coconut milk RDT (3.03%).  
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TABLE 1 

EFFECTS OF CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH Mn APPLICATION ON TOTAL 

CHLOROPHYLL (mg g-1f.w.) AT DIFFERENT GROWTH STAGES 

 (a) Maximum tillering stage  (b) Heading stage  

Treatments 

→ 

Variety 

20 ppm 

Mnas 

basal 

from 

(MnSO4.3

H2O) 

20 ppm 

added Mn 

as basal + 

100 ppm 

Cytokinin 

RDT 

20 ppm 

added Mn as 

basal + 

coconut milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 

ppm 

CaCl2 

RDT 

Control 

 

(Withou

t 

addition 

of 

20ppm 

Mn as 

basal 

and 

without 

RDT 

Mean 

20 ppm 

Mnas 

basal 

from 

(MnSO4.

3H2O) 

20 ppm 

added 

Mn as 

basal + 

100 ppm 

Cytokini

n RDT 

20 ppm 

added 

Mn as 

basal + 

coconut 

milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 ppm 

CaCl2 

RDT 

Control 

 

(Without 

addition 

of 20ppm 

Mn as 

basal 

and 

without 

RDT 

Mean 

Kanaklata 1.638 2.051 1.897 1.733 1.988 1.861 1.564 1.993 1.874 1.612 1.910 1.791 

Bishnuprasad 1.248 1.424 1.348 1.292 1.362 1.335 1.224 1.389 1.344 1.270 1.350 1.316 

Jyotiprasad 1.439 1.781 1.572 1.462 1.713 1.593 1.417 1.760 1.550 1.441 1.598 1.553 

Nomuli 1.560 1.927 1.674 1.612 1.822 1.7719 1.465 1.905 1.652 1.590 1.743 1.671 

Mean 1.471 1.795 1.623 1.525 1.721  1.418 1.762 1.605 1.478 1.650  

 T V T X V    T V T X V    

S.Ed (±) 0.024 0.022 0.049    0.023 0.026 0.051    

CD (0.05) 0.049 0.044 0.099    0.046 0.052 0.104    
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TABLE 2 

EFFECTS OF CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH Mn APPLICATION ON CHLOROPHYLL 

a (mg g-1f.w.) AT DIFFERENT GROWTH STAGES 

 (a) Maximum tillering stage  (b) Heading stage  

Treatments 

(T) → 

Variety (V) 

20 ppm 

Mnas 

basal 

from 

(MnSO4.

3H2O) 

20 ppm 

added Mn 

as basal + 

100 ppm 

Cytokinin 

RDT 

20 ppm 

added Mn as 

basal + 

coconut milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 

ppm 

CaCl2 

RDT 

Control 

 (Without 

addition 

of 20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

20 ppm 

Mnas 

basal 

from 

(MnSO4.3

H2O) 

20 ppm 

added 

Mn as 

basal + 

100 ppm 

Cytokini

n RDT 

20 ppm 

added Mn 

as basal + 

coconut 

milk (10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 ppm 

CaCl2 

RDT 

Control 

 (Without 

addition of 

20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

Kanaklata 0.817 1.003 0.946 0.863 0.991 0.924 0.799 0.976 0.934 0.851 0.949 0.902 

Bishnuprasad 0.621 0.694 0.68 0.643 0.679 0.663 0.608 0.696 0.669 0.634 0.645 0.65 

Jyotiprasad 0.717 0.888 0.779 0.729 0.854 0.794 0.705 0.878 0.769 0.718 0.748 0.74 

Nomuli 0.778 0.961 0.834 0.803 0.908 0.857 0.695 0.949 0.822 0.792 0.832 0.818 

Mean 0.733 0.886 0.810 0.760 0.858  0.702 0.875 0.801 0.749 0.794  

  T V T X V    T V T X V    

S.Ed (±) 0.013 0.012 0.026    0.014 0.012 0.028    

CD (0.05) 0.027 0.024 0.054    0.028 0.025 0.057   
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At maximum tillering stage (Table 2a), the highest chlorophyll ‘a’ content was observed under the treatment 20 ppm Mn plus 

100 ppm Cytokinin (0.886 mgg-1fw)> Control treatment (0.858 mgg-1fw) >20 ppm Mn plus Coconut milk (0.81 mgg-1fw)>20 

ppm Mn plus 500 ppm CaCl2 (0.76 mgg-1fw). The lowest chlorophyll ‘a’ content was recorded in the treatment with 20 ppm 

Mn application (0.733 mgg-1fw). On an average, among the genotypes, Kanaklata recorded the highest chlorophyll ‘a’ content 

(0.924 mgg-1fw), followed by genotype Nomuli (0.857 mgg-1fw)>Jyotiprasad (0.754 mgg-1fw), and the lowest of it was 

observed under the genotype Bishnuprasad (0.663 mgg-1fw). At heading stage (Table 2b), the results revealed significant 

differences in chlorophyll ‘a’ content among the treatments. There was decrease in chlorophyll ‘a’ content (11.5%) at 20 ppm 

Mn application. Chlorophyll ‘a’ content increased under the treatments 20 ppm Mn as basal plus 100 ppm Cytokinin (RDT) 

(14.4%)>20 ppm Mn as basal plus 500 ppm CaCl2RDT (5.66%)> 20 ppm Mn as basal plus Coconut milk RDT (0.87%).  

At maximum tillering stage (Table 3a), the highest chlorophyll ‘b’ content was recorded under the treatment 20 ppm Mn plus 

100 ppm Cytokinin (0.9mgg-1fw)> Control (0.863 mgg-1fw)> 20 ppm Mn plus Coconut milk (0.817 mgg-1fw)> 20 ppm Mn 

plus 500 ppm CaCl2 (0.765 mgg-1fw). The lowest was observed under the treatment with 20 ppm Mn application (0.739 mgg-

1fw). At heading stage (Table 3b), the results revealed significant changes in chlorophyll ‘b’ content among the treatments. 

There was decrease in chlorophyll ‘b’ content by (15.36%) at 20 ppm Mn as basal application. There were increrases in 

Chlorophyll b in plants treated with 20 ppm Mn as basal plus 500 ppm CaCl2RDT (13.7%)>20 ppm Mn as basal plus 100 pm 

Cytokinin RDT (4.94%)> 20 ppm Mn as basal plus Coconut milk RDT (4.60%). 

One of the classical functions of the Cytokinin is the regulation of plastid development, but the underlying molecular 

mechanisms remain elusive. Cortleven et al., (2016) employed a genetic approach to evaluate the role of Cytokinin and it’s 

signalling pathway in the light-induced development of chloroplasts from etioplasts in Arabidopsis (Arabidopsis thaliana). 

Cytokinin increases the rate of greening and stimulates ultrastructural changes characteristic for the etioplast-to-chloroplast 

transition. In younger roots, Ca2+ is bound between an exchangeable state in the cell walls and the outside of the plasma lemma 

before rapidly penetrating the apoplast upon adsorption. Exchange adsorption between the apoplast and xylem tissues of whole 

stems or mass flow caused by transpiration stream are two ways that calcium might enter chloroplasts (Kirby and 

Pilbeam,1984). It has been demonstrated that Ca2+ in leaves reduces the loss of chlorophyll and the degradation of proteins in 

corn plants (Poovaiah and leopold,1973). Calcium has an anti-senescence effect on plants (Ferguson, 1983). The concentration 

of chlorophyll, however, rapidly dropped as the length of the growing season increased. Due to its dual purpose, calcium must 

have a threshold level at which it no longer benefits plants.  

At maximum tillering stage (Table 4a), the treatment with 20ppm Mn plus 100 ppm Cytokinin recorded the highest NR activity 

(1.52)>20 ppm Mn plus Coconut milk (1.43)>control treatment (1.367)> 20 ppm Mn plus 500 ppm CaCl2 (1.318), and the 

lowest was observed under the treatment with 20 ppm Mn application (1.124). On an average, comparing all varieties, genotype 

Kanaklata recorded the highest NR activity (1.442), followed by genotype Nomuli (1.435)> Bishnuprasad (1.302), and the 

lowest was observed in the variety Jyotiprasad (1.229). At heading stage, the highest NR activity was recorded under the 

treatment 20 ppm Mn plus 100 ppm Cytokinin (1.596)> 20 ppm Mn plus Coconut milk (1.502)> control plants (1.435)>20 

ppm Mn plus 500 ppm CaCl2 (1.3840), and the lowest was observed under the treatment 20 ppm Mn (1.155). 

The results revealed significant variation in NR activity among the treatments at maximum tillering stage. There was decrease 

in NR activity by (17.77%) at 20 ppm Mn application as basal. But there was increase in NR activity under treatments 20 ppm 

Mn as basal plus 100 ppm Cytokinin as RDT (10.66%), 20 ppm Mn as basal plus Coconut milk as RDT (4.40%). There was 

decrease in NR activity under treatment 20 ppm Mn as basal plus 500 ppm CaCl2as RDT (3.584%). 

At Heading stage (Table 4b), the results revealed significant variation in NR activity among the treatments. There was decrease 

in NR activity (19.51%) at 20 ppm Mn application as basal. The NR activity at heading stage increased under the treatment 20 

ppm Mn as basal plus 100 ppm Cytokinin as RDT (10.08%) and under treatment 20 ppm Mn as basal plus Coconut milk as 

RDT (4.46%). But NR activity decreased under treatment with 20 ppm Mn as basal plus 500 ppm CaCl2 as RDT (3.55%). 

According to Santos et al., (2014), cereals treated with Cytokinin exhibited a 40% increase in NR activity as compared to 

control. Hemalatha (2002) studied regulation of NR activity in rice by growth regulator namely Kinetin. The effect of three 

growth regulators, namely kinetin, 6 benzyl adenine, 2 chloro ethyl trimethyl ammonium chloride at three concentrations (10-

6 M, 5 x 10-5 M 10-4 M) was studied on the catalytic activity of NR enzyme in green and etiolated seedlings. A concentration 

of 5 x 10-5 M was optimal for all the growth regulators treatments. All the growth regulators stimulated NR activity effectively 

at 5 x 10-5M concentration in both etiolated and green seedlings and had an additive effect when supplemented by NO-
3 up to 

140% to 160%. There were 99.2% and 93.4% inhibition of NR activity in etiolated and green seedlings, respectively when 

treated with eukaryotic 80S ribosome protein synthesis inhibitor cycloheximide. 
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TABLE 3 

EFFECTS OF CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH Mn APPLICATION ON CHLOROPHYLL 

b (mg g-1f.w.) AT DIFFERENT GROWTH STAGES 

(a) Maximum tillering stage (b) Heading stage  

Treatments 

(T) → 

Variety (V) 

20 ppm 

Mnas basal 

from 

(MnSO4.3

H2O) 

20 ppm 

added Mn 

as basal + 

100 ppm 

Cytokinin 

RDT 

20 ppm 

added Mn as 

basal + 

coconut milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 

ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 

20ppm 

Mn as 

basal 

and 

without 

RDT 

Mean 

20 ppm 

Mnas 

basal from 

(MnSO4.3

H2O) 

20 ppm 

added 

Mn as 

basal + 

100 ppm 

Cytokini

n RDT 

20 ppm 

added 

Mn as 

basal + 

coconut 

milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

Kanaklata 0.822 1.028 0.951 0.87 0.996 0.933 0.765 1.017 0.941 0.76 0.96 0.889 

Bishnuprasad 0.627 0.714 0.685 0.648 0.683 0.672 0.617 0.704 0.675 0.637 0.671 0.661 

Jyotiprasad 0.723 0.893 0.790 0.733 0.860 0.800 0.712 0.882 0.791 0.723 0.849 0.789 

Nomuli 0.783 0.966 0.841 0.809 0.914 0.863 0.768 0.956 0.831 0.798 0.904 0.852 

Mean 0.739 0.900 0.817 0.765 0.863  0.716 0.890 0.807 0.730 0.846  

  T V T X V    T V T X V    

S.Ed (±) 0.012 0.011 0.038    0.019 0.017 0.038    

CD (0.05) 0.024 0.022 0.024    0.039 0.035 0.078    
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TABLE 4 

EFFECTS OF CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH Mn APPLICATION ON NR ACTIVITY 

(µmole NO3
 - g -1 fw hr-1) AT DIFFERENT GROWTH STAGES 

(a) Maximum tillering stage (b) Heading stage  

Treatments 

(T) → 

Variety (V) 

20 ppm 

Mnas basal 

from 

(MnSO4.3

H2O) 

20 ppm 

added Mn 

as basal + 

100 ppm 

Cytokinin 

RDT 

20 ppm 

added Mn as 

basal + 

coconut milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 

ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 

20ppm 

Mn as 

basal 

and 

without 

RDT 

Mean 

20 ppm 

Mnas 

basal from 

(MnSO4.3

H2O) 

20 ppm 

added 

Mn as 

basal + 

100 ppm 

Cytokini

n RDT 

20 ppm 

added 

Mn as 

basal + 

coconut 

milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

Kanaklata 1.099 1.649 1.562 1.447 1.452 1.442 1.154 1.731 1.639 1.519 1.525 1.513 

Bishnuprasad 1.050 1.452 1.367 1.274 1.369 1.302 1.102 1.525 1.435 1.338 1.437 1.367 

Jyotiprasad 1.062 1.364 1.244 1.160 1.316 1.229 1.115 1.432 1.305 1.217 1.382 1.29 

Nomuli 1.285 1.616 1.550 1.393 1.331 1.435 1.249 1.696 1.627 1.462 1.397 1.486 

Mean 1.124 1.520 1.430 1.318 1.367  1.155 1.596 1.502 1.384 1.435  

 T V T X V    T V T X V    

S.Ed (±) 0.015 0.013 0.029    0.025 0.022 0.05    

CD (0.05) 0.030 0.027 0.060    0.051 0.045 0.101    
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TABLE 5 

CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH Mn 

APPLICATION ON CARBOHYDRATE CONTENT IN GRAINS AT HARVEST 
Carbohydrate content (mgg-1dw) 

 

 Treatment 

Variety 

20 ppm Mnas 

basal from 

(MnSO4.3H2O

) 

20 ppm 

added Mn as 

basal + 100 

ppm 

Cytokinin 

RDT 

20 ppm added 

Mn as basal + 

coconut milk 

(10X dilution) 

RDT 

20 ppm 

added Mn as 

basal + 500 

ppm CaCl2 

RDT 

Control 

(Without 

addition of 

20ppm Mn as 

basal and 

without RDT 

Mean 

Kanaklata 8.800 9.620 9.290 9.110 9.120 9.202 

Bishnuprasad 4.600 6.780 5.670 5.400 4.890 5.470 

Jyotiprasad 8.310 9.240 8.870 8.540 8.720 8.740 

Nomuli 8.360 9.510 9.100 8.900 8.500 8.901 

Mean 7.530 8.790 8.230 8.010 7.830  

 Treatment Variety T X V    

S.Ed (±) 0.091 0.082 0.182    

CD (0.05) 0.185 0.166 0.370    

 

The highest carbohydrate content in grain (Table 5) was observed in treatment 20ppm Mn2 + plus 100 ppm Cytokinin 

(8.79)>20ppm Mn + Coconut milk (zeatin):10X dilution (8.23)>20 ppm Mn application (7.83)>20 ppm Mn + 500 ppm CaCl2 

(8.01). The lowest carbohydrate content was recorded under control treatment (7.53). On an average, among the rice varieties, 

the highest amount of carbohydrate content was recorded in the genotype Kanaklata (9.202)>Nomuli (8.901)> Jyotiprasad 

(8.738), and the least carbohydrate content was recorded in the genotype Bishnuprasad (5.47). Overall, there was higher 

carbohydrate content in grain in varieties under treatment of 20ppm Mn plus 100 ppm Cytokinin as compared to other 

treatments. The results revealed significant changes in carbohydrate content among the treatments. As compared to control, 

there was decrease in carbohydrate content by (3.03%) under 20 ppm Mn as basal treatment. On the otherhand, at RDT with 

the plant growth regulating substances along with the basal Mn enhenced the carbohydrate content in grains viz. 20 ppm Mn 

plus 100 ppm Cytokinin (10.92%), 20 ppm Mn plus Coconut milk (4.86%) and 20 ppm Mn plus 500 ppm CaCl2 (2.24%). Leaf 

photosynthesis regulating the production of carbohydrate, accounts for most of the variations in biomass production and 

yield (Yoshida and Horie 2009; Evans, 1993; Sinclair et al., 2004). Recent studies indicate that growth rate around heading 

stage is critically related with final yield in rice (Takai et al.,2006; Horie et al., 2006). Cytokinins play a key role in preserving 

the structure and function of the photosynthetic machinery under stress conditions (Cherniad’ev, 2009). Cytokinin increases 

sink activities by stimulating assimilate accumulation in chloroplasts of older leaves (Criado et al., 2009). Cytokinin has roles 

in the biosynthesis of Chlorolphyll, stimulation of tetrapyrole biosynthesis, chloroplast transcription (Zubo et al., 2008), and 

enhancement of photosynthetic efficiency (Yaronskaya et al., 2006). 

The highest [Mn] in grain (Table 6a) was found in treatment 20 ppm Mn (103.58)>20 ppm Mn plus 100 ppm Cytokinin 

(89.47ppm) >20 ppm Mn plus coconut milk (84.81) :10x dilution>20 ppm Mn application plus 500 ppm CaCl2, and the lowest 

(17.39) was in controlled plants. On an average among genotypes, the highest [Mn] was observed in the genotype Kanaklata 

(88.442) > Nomuli (80.494), and the lowest was observed in the variety Bishnuprasad (62.116) > Jyotiprasad (68.604). The 

results revealed significant variations of [Mn] in grains among the treatments (Table 6a). There was increase in [Mn] in grains 

with all the treatments viz. 20 ppm Mn treatment as basal (83.2%), and in treatments with RDT with the plant growth regulating 

substances along with Mn as basal 20 ppm Mn plus 100 ppm Cytokinin (80.56%), 20 ppm Mn plus Coconut milk (79.49%) 

and 20 ppm Mn plus 500 ppm CaCl2 (78.13%). 

At maximum tillering stage, the highest [Ca2+] in plant roots (Table 6b) was observed in the treatment with 20 ppm Mn plus 

500 ppm CaCl2 (89.75ppm)>20 ppm Mn plus 100 ppm Cytokinin (67.22ppm)>treatment with 20 ppm Mn plus Coconut milk 

(63.395ppm)> 20 ppm Mn application (32.9ppm), and the lowest [Ca2+] in plant roots was observed under the control treatment 

(22.975ppm). On an average, among the genotypes, the highest [Ca2+] in plant roots was observed in the variety Kanaklata 

(59.35ppm)>Nomuli (56.093ppm)> Jyotiprasad (54.575), and the least [Ca2+] in plant roots was presented by the variety 

Bishnuprasad (50.975ppm). The result revealed significant variations in [Ca2+] in roots at maximum tillering stage. There was 

increase in [Ca2+] in roots with all the treatments viz. 20 ppm Mn treatment (28.34%) as basal and at RDT with PGRS along 

with basal Mn 20 ppm Mn plus 100 ppm Cytokinin (65.82%), 20 ppm Mn plus Coconut milk (63.75%) and 20 ppm Mn plus 

500 ppm CaCl2 (74.40%).  

https://link.springer.com/article/10.1007/s12284-010-9047-6#CR49
https://link.springer.com/article/10.1007/s12284-010-9047-6#CR10
https://link.springer.com/article/10.1007/s12284-010-9047-6#CR37
https://link.springer.com/article/10.1007/s12284-010-9047-6#CR39
https://link.springer.com/article/10.1007/s12284-010-9047-6#CR13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4783366/#CIT0008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4783366/#CIT0011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4783366/#CIT0056
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4783366/#CIT0053
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TABLE 6 

EFFECTS OF CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH MN APPLICATION ON Mn CONTENT IN 

GRAIN AT HARVEST AND Ca2+ CONTENT IN ROOTS (ppm) AT MAXIMUM TILLERING STAGE 

(a) Mn2+ content (ppm) in grain (b) Ca2+ content (ppm) in roots  

Treatments 

(T) → 

Variety (V) 

20 ppm 

Mnas basal 

from 

(MnSO4.3

H2O) 

20 ppm 

added Mn 

as basal + 

100 ppm 

Cytokinin 

RDT 

20 ppm 

added Mn as 

basal + 

coconut milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 

ppm 

CaCl2 

RDT 

Control 

(Withou

t 

addition 

of 

20ppm 

Mn as 

basal 

and 

without 

RDT 

Mean 

20 ppm 

Mnas 

basal from 

(MnSO4.3

H2O) 

20 ppm 

added 

Mn as 

basal + 

100 ppm 

Cytokini

n RDT 

20 ppm 

added 

Mn as 

basal + 

coconut 

milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

Kanaklata 127.500 102.200 100.100 95.200 17.210 88.442 36.633 72.000 68.847 93.930 25.330 59.350 

Bishnuprasad 80.030 75.600 71.420 68.500 15.030 62.116 28.567 62.880 57.930 85.360 20.133 50.975 

Jyotiprasad 85.900 86.710 80.200 72.800 18.410 68.604 34.100 66.067 62.133 88.540 22.033 54.575 

Nomuli 120.900 93.400 87.530 81.710 18.930 80.494 32.300 67.933 64.667 91.167 24.400 56.093 

Mean 103.580 89.470 84.810 79.550 17.390  32.900 67.220 63.395 89.750 22.975  

 T V T X V    Treatment Variety T X V    

S.Ed (±) 0.973 0.871 1.947    0.324 0.290 0.648    

CD (0.05) 0.420 0.324 1.234    0.658 0.588 1.315    
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TABLE 7 

EFFECTS OF CYTOKININ, COCONUT MILK AND CALCIUM CHLORIDE ROOT DIP TREATMENT (RDT) ALONG WITH Mn APPLICATION ON Ca2+ CONTENTS 

IN ROOTS (ppm) AT HEADING AND HARVEST STAGES 

(a) Ca2+ content (ppm) at Heading stage (b) Ca2+ content (ppm) at harvest stage  

Treatments 

(T) → 

Variety (V) 

20 ppm 

Mnas 

basal from 

(MnSO4.3

H2O) 

20 ppm 

added Mn 

as basal + 

100 ppm 

Cytokinin 

RDT 

20 ppm 

added Mn as 

basal + 

coconut milk 

(10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 

ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

20 ppm 

Mnas 

basal from 

(MnSO4.3

H2O) 

20 ppm 

added 

Mn as 

basal + 

100 ppm 

Cytokini

n RDT 

20 ppm 

added 

Mn as 

basal + 

coconut 

milk (10X 

dilution) 

RDT 

20 ppm 

added 

Mn as 

basal + 

500 ppm 

CaCl2 

RDT 

Control 

(Without 

addition 

of 20ppm 

Mn as 

basal and 

without 

RDT 

Mean 

Kanaklata 31.733 65.667 61.633 90.687 22.380 
54.42

0 
30.133 61.617 56.367 84.030 18.400 50.11 

Bishnuprasad 24.900 58.633 54.600 82.843 18.133 
47.82

2 
22.300 54.800 51.76 77.967 14.700 44.307 

Jyotiprasad 28.600 61.400 58.367 84.970 19.850 
50.63

7 
25.8 56.963 53.067 81.467 17.00 46.859 

Nomuli 29.900 63.730 61.133 87.317 22.113 
52.83

9 
27.133 59.033 54.707 83.133 18.733 48.56 

Mean 28.783 62.358 58.933 86.454 20.618  26.342 58.103 53.992 81.65 17.208  

 Treatment Variety T X V    Treatment Variety T X V    

S.Ed (±) 0.354 0.316 0.707    0.389 0.348 0.778    

CD (0.05) 0.717 0.642 1.435    0.789 0.766 1.578    
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At heading stage (Table 7a), the maximum [Ca2+] in plant roots was recorded under the treatment 20 ppm Mn plus 500 ppm 

CaCl2 (86.454ppm)> 20 ppm Mn plus 100 ppm Cytokinin (62.358ppm)>20 ppm Mn plus Coconut milk (zeatin) 

(58.933ppm)>20 ppm Mn application (28.783ppm), and the lowest [Ca2+] in roots were observed in the control treatment 

(20.618ppm). On an average, among the genotypes, the genotype Kanaklata recorded the highest [Ca2+] in plant roots 

(54.42ppm)>Nomuli (52.839ppm)> Jyotiprasad (50.637ppm), and the least [Ca2+] in plant roots was observed in the variety 

Bishnuprasad (47.822ppm). At heading stage, the results revealed significant variations of [Ca2+]. There was increase in [Ca2+] 

in roots with all the treatments viz. 20 ppm Mn as basal (28.36%) and at RDT with PGRS along with basal Mn 20 ppm Mn 

plus 100 ppm Cytokinin (66.93%), 20 ppm Mn plus Coconut milk (65.01%) and 20 ppm Mn plus 500 ppm CaCl2 (76.15%). 

At the time of harvest (Table 7b), the highest [Ca2+] in plant roots was observed under the treatment 20 ppm Mn plus 500 ppm 

CaCl2 (81.65ppm)>20 ppm Mn plus 100 ppm Cytokinin (58.103ppm)>treatment 20 ppm Mn plus Coconut milk 

(53.992ppm)>20ppm Mn application (26.342ppm), and the lowest [Ca2+] was observed under the Control treatment 

(17.208ppm). At harvest stage, [Ca2+] in roots varied significantly. There was increase in [Ca2+] in roots with all the treatments 

viz. 20 ppm Mn treatment as basal (34.67%), and at RDT along with basal Mn and the growth regulating substances viz.20 

ppm Mn plus 100 ppm Cytokinin (70.38%), 20 ppm Mn plus Coconut milk (68.128%) and 20 ppm Mn plus 500 pm CaCl2 

(78.92%). 

Sharma (2002) reported that there were substantial increases in [Ca2+] by 55-97% in the roots after root dip treatments in a pot 

experiment. The increment was proportional to the increase in the CaCl2 concentration (100-1000 ppm) in the treatment. 

Sharma (2002) also reported that [Ca2+] in all parts e.g., pods, leaves, stems and roots increased in commensuration with CaCl2 

supply.  

Ca2+ is an important nutrient for root development (White and Broadly, 2003; Mengel and Kirby, 1982; Sharma, 2002). Other 

way, Ca2+ protects membrane from free radical or peroxidative break down when only a large amount of Ca2+ binding is present 

in membranes. Ca2+ aids packing of lipids and brings about their aggregation (Ohishi and Ito, 1974). Ca2+ bridges membranes 

by phosphate and COOH- groups to maintain its permeability (Legge et al.,1984; Epstein, 1992; Bharali and Bates, 2014; 

Bharali et al., 2015). Thus, the study enlightened the actions of Cytokinin (i.e. enhancement of root biomass) and Calcium 

(probably, the membrane stability) which are regarded as the features of the tolerance of rice crops under higher [Mn] in acid 

soil situation.  
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Abstract— Land, the most indispensable natural resource has been facing challenges of soil degradation, water scarcity, 

reduced productivity, climate change, social deterioration etc. In these consequences, the rainfed areas might get the priority 

to develop because of its area coverage in India and great potentiality towards crop yields increment through improved 

resource management practices. Rainfed areas can best be managed through integrated watershed management approach 

involving human intervention in manipulating natural resources for overall societal development. Land resource inventory 

(LRI) is the first and primary step followed by planning, implementation, monitoring and evaluation in the watershed 

management programme. We surveyed and studied Dwarkeshwar microwatershed in Puruliya district of West Bengal for land 

resource inventory at 1:3960 scale considering soil, parent material, existing land use, physiography, climate and vegetation. 

Nine soil series and ten physiographic units were identified and mapped. Considering the above parameters with the existing 

socio-economic status and need, a management unit map regarding land use planning has been developed for further use as a 

primary tool for implementation purpose. 

Keywords— Land resource inventory, Watershed management, Geospatial technique, Purulia district, landuse. 

I. INTRODUCTION 

The judicious use of irreproducible natural resources acts as the most sensitive indicators of societal economic growth, 

development, resilience and empowerment. Land is the most indispensable natural resource consisting of soil, water, natural 

flora and fauna involving the ecosystem component. The ever-shrinking land resources and the decreasing trend of productivity 

might increase the probability of getting attention towards rainfed areas. India’s 60% land is under rainfed condition which is 

characterized by poor soil health, water scarcity, land degradation, low input use and productivity. Still, these areas have huge 

potential for enhancing crop yield through improved resource management practices. To address the multiple issues of 

environmental, ecological, agricultural, geological aspects and other related natural resources, there is an imperative need of 

site-specific information and situation specific recommendations. The unavailability of site-specific soil and land information 

along with the recommendation at farm level might have been forming the hurdles towards the success of many developmental 

schemes around the country. This wide gap could have been filled with systematic land resource inventory at large scale and 

its subsequent mapping using geo-spatial techniques. Watershed approach has been recognized as a vital landmark in the 

direction of bringing visible benefits in rainfed areas, while attracting people’s participation in watershed programme (Saxena 

and Prasad 2008) for the improvement and sustainability of agricultural and allied sectors for overall community development. 

The rainfed areas could be brought under the limelight of developmental and climate resilient agricultural practices through 

integrated watershed management programmes involving the process of human interventions in maneuvering natural resources 

for the overall societal upliftment under the natural boundary of watershed (Vittala et al 2008). A sustainable integrated 

watershed management programme includes three steps namely- land resource inventory, land use planning and 

implementation, monitoring and evaluation. The most basic and initial tool is land resource inventory without which precisely, 

the other following steps would seem to be futile in true sense. The detailed land resource inventory (LRI) at large scale can 

only discover the necessary soil and land information, which will be further exploited for subsequent agricultural land use 

planning and implementation purpose at watershed level. Simultaneously, the evaluation of the suitability of land for 

remunerative kinds of use requires a detailed natural resource survey to define and map the land units together with the 
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collection of descriptive database of land characteristics and resources like soil, rock, climate, slope, erosion, landform, 

vegetation and socio-economic status as follows- 

Soil Survey- For farm level land use planning in a watershed, a detailed soil survey at cadastral level is the primary need. 

Different soil series existing in different physiography might have a relationship with land use changes. Identification of soil 

series, delineation of soil boundaries and its mapping will assess the potential of the soils for increased and profitable 

agricultural production for societal sustenance.  

Rock identification- The rock type has an influence on soil type and formation, surface stability and land use of any site. The 

existing rock type has to be surveyed for parent material identification, genesis and characterization of soils. Even the 

identification and delineation of lineament also helps to find out the underground source of water.  

Climate-Climate plays a major role in land use potentiality assessment. Climatic data indicates the suitability of the existing 

land/ soil for agricultural/ horticultural/ pastoral cropping or forestry/ plantation use. It has a direct influence on soil formation 

processes, surface erosion, which are indicators of fertility and productivity of the system. The different climatic components 

like maximum and minimum temperature, rainfall, evapo-transpiration etc. are to be collected and considered while doing the 

survey work for having a sustainable land use plan. 

Physiography– the physiographic delineation with elevation, slope gradients and aspect, erosional and depositional phases for 

each surface features are the basic components for soil characterization followed by future land use planning. It is to be 

measured through DEM analysis in GIS platform followed by field observation and ground checking.  

Vegetation - Existing land use and vegetation are the essential components for preparing soil-based land use model for future 

land use planning. Vegetation is a good indicator of temporal land use changes and is to be derived from field survey and 

correlated with satellite imagery. The existing vegetative cover and land use often integrated with soil survey database to 

produce sustainable land use plan. 

Socio-economic survey – the existing social status, norms, faiths and need of the villagers are the steering factor for a 

successful watershed management programme. A thorough survey of the socio-economic condition, future need and the 

villagers view towards acceptance of the changes in the pathway of development has to be acquired with their active 

participation for economic development and employment generation as well during the land resource inventory process. 

The procedures of a land resource inventory within a watershed boundary contains checklist of thematic data that might be 

required in land evaluation. This approach allows the user to protect and conserve soil, water and other biotic resources with a 

rational planning process to combat the societal degradation and climate change.  

II. A CASE STUDY FOR LAND RESOURCE INVENTORY 

Considering the above facts, the Dwarkeshwar microwatershed has been surveyed and studied for land resource inventory in 

the eastern fringe of Chhotonagpur plateau consisting of three villages namely Parasibona, Batabathan and Kalaboni of Hura 

block in Puruliya district, West Bengal (Bhattacharya et al 1985). The microwatershed is characterised by high temperature 

with high variability of monsoon rainfall. The average normal climatic parameters (rainfall, potential evapo-transpiration, 

maximum and minimum temperature) were considered while doing the land resource inventory. It was observed that the 

average monthly rainfall for the last thirty years was 11.3 cm, while potential evapo-transpiration (PET) was 18.6% higher 

than rainfall with an aridity index 0.16, which categorized the area under dry sub-humid zone in eastern India. The observed 

mean annual normal maximum and minimum temperatures were 31.9 °C and 20.9 °C, with the highest rise in the month of 

June having 37 °C and 26 °C, respectively (Figure 1). Agriculture is the dominant livelihood option with monocrop paddy 

having an average yield of 1.8 to 2.0 t ha-1. During land resource inventory, detailed work was carried out on landform, land 

use analysis followed by detailed soil survey at 1:3960 scale. Nine soil series with phases were identified and mapped in 

fourteen units on ten physiographic units developed over granite-gneissic formation (Figure 2). Land capability and suitability 

analyses of rice, wheat, maize, mustard, groundnut, cowpea, pigeon pea and sabai grass were done for the area with a focus on 

the application of the principles of sustainable development in order to maximize the benefits derived by the farmers from the 

existing resources of land and water through utilizing them in a scientific manner. Considering this, a management unit map 

(Figure 3) has been developed based on derived resource information of the microwatershed for implementation purpose. Even 

the base flow of water through the lineament in the Tilaboni hill and existing water structures at the upper reaches and their 

utilisation to irrigate the cultivated lands in the lower reaches were also explored in the microwatershed. Thus, land resource 
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inventory has been admitted to be a primary tool for developing management units suggesting rational and scientific land use 

plan, which could be further utilized for implementation, monitoring and evaluation of the watershed management programme.  

   

FIGURE 1: The normal monthly average temperature, rainfall, potential evapo-transpiration of the site 

 

FIGURE 2: Physiography and land use maps for the Dwarkeshwar microwatershed 

 

FIGURE 3: Soil and management unit maps for the Dwarkeshwar microwatershed 

Although, watershed management has evolved long back, and passed through several developmental stages, but, initially, it 

only dealt with forestry related hydrology without any active involvement of people. With the passage of time, it changed its 

direction towards land resources management including activities with an emphasized view on economic benefits of the 

stakeholders. Wösten et al. (1985) transformed soil patterns on detailed soil maps into patterns of “functional units” that each 
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had distinctly different hydraulic conductivity and moisture retention characteristics. A more sophisticated procedure was 

followed by Bouma et al. (2002) who delineated “management units” for precision agriculture on the basis of simulation runs 

for nitrogen transformations and pesticide leaching for point data, followed by interpolation. Knowing the internal variability 

within these “management units” allows estimates to be made of the variability obtained for simulation runs for the units. 

Therefore, effective functional unit is imperative based on hydrological parameters for achieving the goal of sustainable 

agriculture. 

The new generation approach is focused on the participatory and integrated watershed management, with active participation 

and contribution of the local people. A concise and organized step should be maintained while working with the watershed 

management as it directly deals with the livelihood and social upgradation of the farmers, whose wellbeing is thoroughly 

dependent on the survey, planning, implementation, monitoring and cooperation of the planners with a scientific and authentic 

land resource inventory 

III. CONCLUSION 

The modern day microwatershed program includes the strategic and efficient use of natural resources with the participatory 

approach of community users that led to carry out inventory of resources. The paradigm shift from traditional structure-driven 

watershed program alone to holistic approach of poverty alleviation with livelihood promotion choosing the alternate income 

option through conservation of local resources. The authors tried to explain this concept in this paper which is the only possible 

way by converging the natural resources and the society without any further degradation of resource base. This new paradigm 

especially in rainfed agricultural region may be a powerful tool that may be enhanced in a more innovative and cost-effective 

manner to secure land and society. 
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Abstract— Climate warming may appear fatal for many plant species. Thanks to evolutionary formed mechanisms of 

resistance xerophytes possess high ability of adaptation to elevated temperature and water deficiency. That is why the 

knowledge of biology of drought resistant species seems very important for possible recovering of deserted regions in future. 

Antioxidant system is regarded to play an essential role in plant resistance against water deficiency. On the base of analysis 

of antioxidant system, stress-adaptation strategies of xerophytes, growing at two arid habitats of Georgia – v. Udabno (Iori 

plateau) and Kotsakhura gorge (Kvernaqi hill), has been investigated. It was established that several mechanisms of 

antioxidant system are involved in stress-resistance of studied xerophytes. In some cases these mechanisms were similar in 

species of the same habitat and may be linked with environmental conditions; while in some cases the specific peculiarities of 

plants were revealed. In particular, ascorbate-tocopherol system was activated in most experimental species. Protective 

mechanism of phenolic substances accumulation was active in all species as well. Udabno plants were distinguished by the 

accumulation of osmoprotective soluble carbohydrates; while accumulation of another osmoprotectant - proline was common 

in both habitat plants. 

Keywords— Antioxidants, Georgia, water deficiency, xerophytes. 

I. INTRODUCTION 

Recent scientific investigations offer a strong evidence of climate global change to undesirable direction. Moreover, last seven 

years are regarded as the hottest during the whole history of climate observation (WMO provisional report, 2021). 

Climate warming may appear fatal for many plant species. Presumably the geographic range and borders of a great number of 

species will change (Garamvolgyi and Hufnagel, 2013; Allen et al., 2015). Thanks to evolutionary formed nonspecific 

biological mechanisms of resistance xerophytes possess high ability of adaptation to elevated temperature, water deficiency, 

intensive irradiation, etc.; especially the antioxidant system plays an essential role (Laxa et al., 2019). That is why the 

knowledge of biology of drought resistant species seems very important for future forecasting and possible recovering of 

deserted regions. 

The investigation of stress-adaptation strategies of xerophytes, growing at two arid habitats of Georgia – v. Udabno (Iori 

plateau) and Kotsakhura gorge (Kvernaqi hill), on the base of analysis of antioxidant system, was the purpose of the presented 

study. Demonstrated data may be regarded as the part of long-term investigations, which aim to explore the drought resistance 

mechanisms of plant species occupying dry habitats of Georgia (Badridze et al., 2021; Badridze et al., 2022). 

Content of ascorbic acid, tocopherol, carotenoids, anthocyanins, soluble phenols, proline, total proteins, soluble carbohydrates 

and activity of catalase and peroxidase were studied in leaves of experimental plants. 
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II. MATERIALS AND METHODS 

2.1 Research area 

Iori plateau (Sagarejo municipality, East Georgia) is distinguished by lack of water and poor vegetation. Its landscape varies 

from desert to steppe and forest-steppe. Climate is dry subtropical; annual amount of precipitations is 499-600mm; in village 

Udabno, where the plant material was picked – 434mm (Kordzakhia and Djavakhishvili, 1971). 

Kvernaqi hill is situated near the city Kaspi (East Georgia). Its climate is transitional from subtropical to humid. Annual amount 

of precipitations is 450mm (Kordzakhia and Djavakhishvili, 1971; Ukleba, 2018). 

2.2 Experimental plants 

Experimental plant species collected in v. Udabno were: Pyrus sp. L., Peucedanum ruthenicum M. Bieb., Galium humifusum 

M. Bieb.; in Kvernaqi hills - Berberis iberica Stev & Fisch., Rhamnus pallasii Fisch & C.A.May, Peganum harmala L., Cotinus 

coggygria Scop., Elaeagnus angustifolia L. Middle age, mature, healthy leaves were picked at least from 5 different individuals 

of each experimental species in post-flowering phase, in July - the hottest period for these locations (38o-40oC). Analyses were 

performed both on raw and dry material, with 3-fold repetitions. 

2.3 Biochemical assays 

Biochemical analysis of studied antioxidans was based on spectrophotometrical methods described in our early work (Badridze 

et al., 2022). That is why we give here their short description. 

Tocopherol was studied spectrophotometrically at 470 nm (SPEKOL 11, KARL ZEISS, Germany) (Fillipovich et al., 1982). 

Anthocyanins were studied spectrophotometrically. Optical density of the leaves extract in 96% ethanol with 1% HCL was 

measured at 540nm (Ermakov, 1987). 

Proline was investigated after Bates at al. spectrophotometerically at 520 nm (Bates et al., 1973). 

Soluble phenols were determined using Folin-Ciocalteu reagent. Optical density was measured at 765 nm (Ferraris et al., 1987). 

The content of proteins was studied after Lowry (Lowry et al., 1951). 

Soluble carbohydrates were tested with anthrone reagent at 620 nm with a spectrophotometer (SPECOL 11, KARL ZEISS, 

Germany) (Turkina and Sokolova, 1971). 

Carotenoids were determined spectrophotometricaly. Optical density of the extract of fresh leaves in ethanol was measured 

(spectrophotometer SPEKOL 11, KARL ZEISS, Germany). Calculations were done by Wettstein formula (Ermakov, 1987). 

Activity of peroxidase was determined spectrophotometrically, using guaiacole. Optical density of guaiacole oxidized products 

was measured at wavelength of 470 nm over a period of 2 min (Ermakov, 1987). Results are given in conditional units per one 

gram of fresh weight. 

Catalase activity was studied gasometrically: volume of the oxygen released in the process of reaction between hydrogen 

peroxide and enzyme was measured (Pleshkov, 1985). 

2.4 Statistical processing of data 

One way ANOVA and Tukey’s multiple comparison tests were used to test differences between the means. All calculations 

were performed using statistical software Sigma Plot 14.5. 

III. RESULTS AND DISCUSSION 

Water deficiency combined with high temperature and intensive irradiation is the main stress, affecting the species which 

inhabit the studied habitats. Correspondingly, the characteristics of antioxidant system of experimental species has been 

analyzed on the background of mentioned stressors. 
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3.1 Ascorbic acid and tocopherol 

According to observations content of ascorbic acid and tocopherol in leaves of tested plants was mainly high (Fig.1). Rhamnus 

was especially distinguished by ascorbate content. Statistically similar amount of the vitamin was found in Galium, Eleagnus 

and Cotinus (p>0.05). The lowest value of ascorbate was mentioned in Berberis leaves (Fig. 1). 

Content of tocopherol in leaves of experimental species was high as well (Fig. 1). Statistically similar and higher (p>0.05) 

amounts of the vitamin was discovered in Udabno plants, compared to Kvernaqi species. Among Kvernaqi plants statistically 

similar (p>0.05) was tocopherol content in leaves of Rhamnus, Elaeagnus and Cotinus; the lowest value of the vitamin was 

revealed in Berberis (Fig. 1). 

Both ascorbate and tocopherol are important protectors of the cell against different stresses (Hasanuzzaman et al., 2014; 

Kolupaev and Kokorev, 2019). Their increase is one of the primary responses to drought and intensive irradiation (Giacomelli 

et al., 2007; Yang et al., 2008). Thus, high content of ascorbate and tocopherol in tested plants may be regarded as one of the 

protective mechanisms against the stress conditions of the studied habitats. Moreover, in case of necessity these species may 

become a natural alternative source of the mentioned vitamins. 

 

FIGURE 1: Content of ascorbic acid and tocopherol in leaves of xerophytes from v. Udabno and Kvernaqi 

hill 

3.2 Carotenoids and anthocyanns 

The highest, but statistically different (p<0.05) values of carotenoids were revealed in leaves of Rhamnus and Pyrus; while in 

Peganum and Berveris the results were minimal among the tested plants (Fig. 2). Any regularity of carotenoids content among 

the experimental plants following the habitats has not been revealed. 

By the value of carotenoids one can judge about stress affecting a plant as well as about its resistance (Strzalka et al., 2003). 

From this point of view species with high content of carotenoids possess one additional mechanism of stress resistance. 

Content of anthocyanins appeared to be higher in Kvernaqi plants, compared to Udabno ones (except Peganum). The highest 

and statistically similar (p>0.05) results were received in Rhamnus and Elaeagnus (Fig. 2). 

It is established that accumulation of anthocyanins in vegetative tissues of plants increases under the drought and intensive 

irradiation (Kamjad et al., 2021). These substances are regarded to decrease the osmotic potential of the cell as well, supporting 

its turgor and water retention (Chalker-Scott, 2002). 

https://www.sciencedirect.com/science/article/pii/B9780128008751000120#!
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FIGURE 2: Content of Carotenoids and anthocyanins in leaves of xerophytes from v. Udabno and Kvernaqi 

hill 

According to obtained results it may be supposed that anthocyanins accumulation under Kvernaqi conditions is one additional 

stress-protective mechanism of studied xerophytes. 

3.3 Soluble phenols, carbohydrates, proteins and proline 

Amount of soluble phenols was high in all tested plants (except Peganum). By this index especially were distinguished Cotinus, 

Berberis and Peucedanum (Fig. 3). 

Among low-molecular antioxidants the role of phenolic substances in protection of cell membrane against stressors is very 

significant (Cesar and Fraga, 2010). Different authors mention increase of phenolic substances under water deficiency (Sharma 

et al., 2019). 

Experimental results clearly demonstrate the leading role of phenolic substances in protection of tested plants from existing 

stresses. 

It has been established that together with antioxidants so called osmoprotectants like free amino acids, soluble carbohydrates, 

proteins, etc. may take an active part in protection of plants from different stresses (Iqbal et al., 2020). 

High content of total proteins was revealed in leaves of studied species (except Galium). Especially high, but statistically 

diverse results (p<0.05) were revealed in Pyrus and Peganum. Other plant species demonstrated similar, but statistically 

different results as well (p<0.05) (Fig. 3). 

The qualitative and quantitative content of plant proteins changes under unfavorable conditions. The synthesis of stress-proteins 

– dehydrins is activated, which reveal osmolite-like effect and take part in membrane proteins stabilization and cell osmotic 

regulation (Ashraf et al., 2018; Iqbal et al., 2020). 

High content of proteins in experimental plants may be one of the stress-protective reactions. 

The content of soluble carbohydrates in tested species clearly differed by habitats. The index was two and more-times higher 

in Udabno species (Fig. 3). Among Kvernaqi species only in Peganum was mentioned comparatively high result. 

Accumulation of soluble carbohydrates as a response to stress has been mentioned in many plants. These substances support 

decrease of the cell water potential and its water retention. At the same time they protect membrane proteins from denaturation 

and stabilize the membrane (Couee et al., 2006; Mohammadkhani and Heidari, 2008; Laxa, 2019). 

From the obtained results is clear that accumulation of soluble sugars in Udabno plants is one of the stress-adaptive mechanisms 

in this habitat. 
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FIGURE 3: Content of total proteins, soluble phenols and soluble carbohydrates in leaves of xerophytes 

from v. Udabno and Kvernaqi hill 

Especially high content of another osmoprotectant - amino acid proline was revealed in leaves of Peganum and Cotinus. The 

minimal amount of this amino acid was mentioned in Pyrus. In other tested species the content of proline was also high, but 

statistically differed (p<0.05) (Fig. 4). 

Many authors mention the role of proline in drought resistance of plants. It retains water in the cell under deficiency conditions 

and supports its turgor (Ashraf et al., 2018). It is evident that proline accumulation in leaves of experimental plants is one of 

the stress-protective mechanisms under existing conditions. 

 

FIGURE 4: Content of amino acid proline in leaves of xerophytes from v. Udabno and Kvernaqi hill 

3.4 Catalase and peroxidase 

In drought resistant species the activity of antioxidant enzymes – catalase and peroxidase is high (Laxa, 2019; Kapoor et al., 

2020). Though, enzymatic antioxidants have high specificity of activity. They affect a particular type of radicals, with specific 

cell- and organ localization. Moreover, decrease of catalase activity is possible under stress conditions (Chupakhina, 2011). As 

it is supposed, this fact is linked with an important role of peroxidases and ascorbate-glutathione cycle in oxygen binding 

(Harinasut. 2003). 
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FIGURE 5: Activity of catalase and peroxidase in leaves of xerophytes from v. Udabno and Kvernaqi hill 

Udabno plants revealted two- and more times higher activity of catalase, compared to Kvernaqi species (Fig. 5); while the 

activity of peroxidase demonstrated species individual peculiarities rather than habitat influence. In particular, the highest 

activity of peroxidase was mentioned in leaves of Rhamnus and Elaeagnus; the minimal – in Pyrus and Berberis leaves (Fig. 

5). It is known that catalase has low affinity to hydrogen peroxide, compared to peroxidase. That is why it is more active under 

the high concentration of peroxide (Chakrabarty, 2016). High catalase activity of Udabno plants may be indication to high 

concentration of hydrogen peroxide there; this points to more stressful conditions of Udabno habitat, compared to Kvernaqi. 

IV. CONCLUSION 

Analyzing the experimental results it may be concluded that several mechanisms of the antioxidant system are involved in 

stress-resistance of studied xerophytes. In some cases these mechanisms were similar in species of the same habitat and may 

be linked with environmental conditions; while in some cases the specific peculiarities of plants were revealed. In particular: 

1. ascorbate-tocopherol system was activated in all experimental species (except Berberis). 2. Protective mechanism of 

phenolic substances accumulation was active in all species as well (except Peganum). 3. Udabno plants were distinguished by 

the accumulation of soluble carbohydrates; while accumulation of another osmoprotectant - proline was common in both 

habitat plants (except Pyrus) 
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Abstract— Agriculture plays an important role in the livelihood of the people of Nagaland, where about seventy per cent of 

the people are either engaged directly or indirectly to agricultural activities. Naga farmers practices old- traditional cultivation 

of shifting/jhum cultivation. Despite of having more than half of its population engaged in agriculture it still depends on other 

states of the country in many ways. Growth in agricultural sector is one of the effective means of reducing poverty in rural 

areas and which can be achieved through subsidies from the government. This paper highlights the impact and drawbacks of 

subsidies on agricultural sector in Nagaland. The study reviews the literature available in various policy documents, reports, 

journals and previous studies related to subsidies on agricultural sector. This study focuses in particular on the types, effects, 

roles, employment, economic contribution, farmer benefit, issues, and recommendations for Nagaland's agricultural 

development. We contend that the Government should implement some policies where the subsidies can be effectively provided 

to the farmers because we recognize the necessity of subsidies for the expansion of the agricultural sector in Nagaland. 

Keywords— Agriculture, Subsidies, Growth, Farmers, Traditional Cultivation, Shifting/Jhum Cultivation. 

I. INTRODUCTION 

Agriculture is important all over the world when it comes to economic development. It contributed 4 percent of the world GDP 

in 2018 and up to more than 25 percent in some developing countries. The agricultural sector provides for the daily needs of 

more than half of India's population and contributes significantly to the country's economy. The country that produces rice and 

wheat in India on a second-place basis. Indian agriculture provides a living for about 58 percent of the country's people. 

Between 2019-2020 and 2020-21, the GDP share of agriculture in India increased from 17.8 to 19.9 percent. The population 

of Nagaland, a state in northeastern India with 1.65 million hectares, was 1,978,502 as of the 2011 census. The majority of 

people in Nagaland work in agriculture, either directly or indirectly, making it a significant economic activity there. 70 percent 

of the population in Nagaland, a hilly state with abundant natural resources, is employed in agriculture, making it primarily an 

agrarian state. High-yielding crops in the state of Nagaland include rice, oilseeds, tobacco, pulses, fibers, sugarcane, potato, 

corn, and millets. Nagaland is primarily an area of traditional jhum/shifting agriculture because of its topographical terrain. 

The Gross State Domestic Product (GSDP) of Nagaland in 2011–12 was approximately 12,065 cores. Forestry and agriculture 

account for the majority of Nagaland's GDP. About 80 percent of the cropped land in Nagaland is used for growing rice. 

Despite the fact that Nagaland has a sizable agricultural population, the state is dependent on other Indian states for its 

production due to a lack of resources. Low productivity may be caused by a variety of factors, including outdated agricultural 

practises, a lack of funding for the purchase of modern tools and machinery, poor marketing infrastructure, a lack of skills, etc. 

The state department of agriculture was established in 1963 with the declaration of Nagaland as the 16th state under the Indian 

Union and is currently headed by Director. During the 12th five-year plan, the Indian government (GOI) introduced several 

national flagship programmes with a focus on sustainable agricultural development. It implemented a number of programmes, 

such as RKVY, NEC, PMKSY, ATMA, NFSM, EARAS, etc., which significantly aided in the advancement of agriculture. By 
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implementing various agricultural policies, the Nagaland government has taken a proactive approach and worked hard to 

strengthen the economy. Given that agriculture is the primary source of livelihood in rural India, both the Nagaland and the 

Indian governments have been offering various subsidies and programmes to improve the country's agricultural sector. 

II. REVIEW OF LITERATURE 

S.P. Sinha, (1982) in their study, the authors makes an effort to evaluate how subsidies affect agricultural productivity, income, 

and employment. In Bihar's Muzaffarpur during the pre-subsidy years of 1979–80 and 1981–82, the study focused on a group 

of selected beneficiary farmers (Post subsidy period). The beneficiary farms' cropping intensity increased from 154 to 160 

percent after using the subsidy to boost farm productivity. The conclusion they reach is that the subsidy programme must be 

selective and discriminating. The beneficiaries must be properly identified in order to prevent financial abuse. (S.P. Sinha, 

1982) 

Mitra, (1982) The success of the Small Farmers Development Agency's (SFDA) credit and subsidy programmes in enhancing 

the financial standing of marginal and small farmers in the Orissan district of Ganjam. It was discovered that when credit and 

subsidies were available, it was difficult to use them effectively because HYV seeds, chemical fertilisers, and pesticides were 

not readily available. It prevents many subsidy recipients from utilising new technology to its fullest potential, which would 

improve their economic situation. (Mitra, 1982) 

Harshal A. Salunkhe, (2012) the authors compared India's gross cropped area and total agricultural subsidies. Every year, 

there is an increase in the total amount of subsidies. The total amount in 1980–81 was Rs. 1 228.5 crore, and in 2008–09, it 

was Rs. 1 15,952.20 crore. The Gross cropped area was 1, 73, 324 hectares in the 1980–1981 fiscal year; it increased to 1,88,403 

hectares; and then decreased to 1,75,678 hectares in the 2006–2007 fiscal year. India's population increased concurrently, 

reaching 68.52 crores in 1980–1981; 84.39 crores in 1991; 102.70 crores in 2001; and 121 crores in 2012. These facts 

demonstrate unequivocally that agricultural subsidies increased from 1980–1981 to 2008–2009, and the gross cropped area is 

probably the same, despite a gradually growing population. (Harshal A. Salunkhe, 2012) 

Attempts to ascertain the effect of subsidies on the income of small and marginal farmers in the Ajitwal Block of the Etawah 

District of Uttar Pradesh in 1980–81 (S.R. Yadav, (1982). The authors noted that beneficiaries' overall income increased as a 

result of the subsidy's provision. Comparing beneficiaries to non-beneficiaries, it was projected to be somewhere around 50 

percent. According to the study, farm income from crop growing was about 70 percent higher for beneficiaries than for non-

beneficiaries. (S.R. Yadav, 1982) 

Halmandage, (2009) The author draws the conclusion that the Indian economy benefited greatly from subsidies prior to their 

removal. The marginal farmers and less fortunate groups in society benefited more from the fertiliser subsidy. Subsidies 

increased the purchasing power of marginal farmers. It aids in raising agricultural output and boosting the Indian economy. In 

2003, the federal government ended the fertiliser subsidy. Following that, agricultural output will progressively decline. The 

farmers are unable to afford the more expensive fertiliser. When farmers used fertiliser, their agricultural output gradually fell 

back to pre-subsidy levels. Due to the removal of agricultural subsidies, the overall rate of agricultural production is falling 

and production costs are rising. (Halmandage, 2009) 

III. OBJECTIVES OF THE STUDY  

1. To conduct research on the different types and effects of subsidies and programmes offered to Nagaland's agricultural 

sector. 

2. To examine the role, employment, and economic contribution of the agricultural sector in Nagaland. 

3. To investigate how Nagaland's farmers benefited from subsidies and other programmes. 

4. To research the main issues and make recommendations for the better application of subsidies and programmes in 

Nagaland's agricultural sector. 

IV. RESEARCH METHODOLOGY  

The current study is supported by secondary information. The secondary data were gathered from academic articles, 

government documents, books, working papers, white papers, doctoral theses, documents from the internet, and other sources. 
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V. RESULT AND DISCUSSION 

5.1 The various types of subsidies and programmes offered to the agriculture sector in Nagaland: 

Subsidies are a type of financial assistance or support given to an industry with the general intent of advancing social and 

economic policy. It is a financial favour, economic break, or privilege that a government bestows on individuals, families, or 

other governmental entities in the form of direct or indirect payment. The Latin word "subsidies" which connotes providing 

assistance from behind is where the word "subsidy" originates. As a result, the term "subsidies" refers to financial assistance 

or support given to a sector of the economy with the aim of achieving or advancing economic and social policy. 

TABLE 1 

DIFFERENT PROGRAMS AND SUBSIDIES IN NAGALAND'S AGRICULTURE 
Sl. 

No. 
Subsidies & Schemes Year Purpose 

1 
Rashtriya Krishi Vikas Yojana 

(RKVY) 
2007 To ensure holistic development of agriculture and allied sector 

2 
Farm Mechanization under 

SMAM & RKVY 

2016-

2017 
To boost up production through farm mechanization 

3 
National Food Security 

Mission (NFSM) 
2007 To increase annual production of rice, wheat and pulses. 

4 NMOOP 2014-15 To boost the production of oilseeds 

5 ATMA 2005-06 
To improve farm productivity and ensure better utilization of resources 

of the country 

6 
Seed Production Programme 

under RKVY 
2016-17  To upgrade the quality of farmer saved seed 

7 SMPP 2015-16 
To minimize use of hazardous chemical pesticides and to manage , 

insect pest and disease attack increasing production 

8 PMKSY 2006 
For integrating Research and Extension activities and decentralising 

day to day management of public ATS 

9 NHM 
2005-

2006 
To enhance horticulture production 

Sources: Department of Agriculture, Government of Nagaland 

The subsidies are offered through a number of programmes and policies and come in the form of equipment, fertilizer, seeds, 

irrigation facilities, credits, and other things that can assist farmers in increasing their output by using a variety of inputs. 

Various subsidy programmes, it has significantly improved the farmers' ability to produce, boosting Nagaland's agricultural 

sector. 

The agricultural sector is a critical component of the economy of Nagaland, and the state government provides several subsidies 

and schemes to support farmers and promote agricultural development. Here are some of the types of subsidies and schemes 

provided for the agriculture sector in Nagaland: 

1. Agricultural Input Subsidy: The agricultural input subsidy provides financial assistance to farmers for the purchase of 

inputs such as seeds, fertilizers, and pesticides. The subsidy is aimed at reducing the cost of production for farmers and 

increasing the productivity of their crops. 

2. Agricultural Credit Scheme: The agricultural credit scheme provides loans to farmers for the purchase of agricultural 

inputs and improvement of their farms. The scheme also provides loans for the establishment of agri-business enterprises 

and the creation of new employment opportunities in the agriculture sector. 

3. Soil Health Card Scheme: This scheme provides farmers with information on the nutrient status of their soil, allowing 

them to make informed decisions on the use of fertilizers and other inputs. The scheme also provides subsidies for soil 

testing and for the implementation of soil conservation measures. 

4. Crop Insurance Scheme: This scheme provides financial protection to farmers in the event of crop failure due to natural 

calamities such as drought, floods, and hailstorms. The scheme provides subsidies for the premium paid by farmers for 

crop insurance coverage. 
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5. Pradhan Mantri Fasal Bima Yojana: This is a national crop insurance scheme that provides financial protection to 

farmers against crop losses due to natural calamities. The scheme provides subsidies for the premium paid by farmers for 

crop insurance coverage. 

6. National Food Security Mission: This provides subsidies and support to farmers for the improvement of crop yields and 

the diversification of agricultural production. The mission also provides subsidies for the development of new technologies 

and the promotion of organic farming practices. 

5.2 Subsidies and Schemes in Agriculture Sector of Nagaland 

The government of Nagaland has initiated various subsidies and schemes to promote the growth and development of the 

agriculture sector in the state. These subsidies and scheme aim to improve agricultural productivity, increase farmer’s income, 

and promote sustainable agriculture practices. Some of the key subsidies and scheme in the agriculture sector of Nagaland are: 

1. Rashtriya Krishi Vikas Yojana (RKVY): This is a flagship scheme of the government of India, which aims to provide 

financial assistance to states for the development of the agriculture sector. Under the scheme, Nagaland receives financial 

assistance for various activities such as crop diversification, organic farming, and infrastructure development. 

2. National Food Security Mission (NFSM): The NFSM aims to increase the production of rice, wheat, and pulses in the 

country. Under the scheme, Nagaland receives financial assistance for activities such as distribution of high-yielding 

varieties of seeds, use of modern farming techniques, and promotion of crop diversification. 

3. National Mission for Sustainable Agriculture (NMSA): The NMSA aims to promote sustainable agriculture practices 

such as soil health management, water use efficiency, and natural resource management. Under the scheme, Nagaland 

receives financial assistance for activities such as promotion of organic farming, conservation of land and water resources, 

and use of renewable energy in agriculture. 

4. Pradhan Mantri Fasal Bima Yojana (PMFBY): The PMFBY is a crop insurance scheme, which provides financial 

assistance to farmers in case of crop failure due to natural calamities. Under the scheme, Nagaland’s farmers receive 

premium subsidies for crop insurance. 

5. Mission Organic Value Chain Development for North Eastern Region (MOVCDNER): The MOVCDNER aims to 

promote organic farming in the northeast region, including Nagaland. Under the scheme, financial assistance is provided 

for activities such as capacity building, training, and certification of organic farming. 

6. Nagaland State Seed Certification Agency (NSSCA): The NSSCA aims to ensure the quality of seeds sold in the state. 

The agency provides subsidies for seed certification, seed production, and distribution of certified seeds. 

5.3 Impact on Subsidies and Schemes of Agricultural Sector in Nagaland 

The impact of subsidies and schemes on the agricultural sector in Nagaland has been generally positive, although it can vary 

depending on the specific scheme and the region in which it is implemented. Here are some of the positive impacts of subsidies 

and schemes on the agricultural sector in Nagaland: 

1. Increased Access to Credit: The availability of agricultural credit has increased, allowing farmers to purchase inputs, 

improve their farms, and diversify their production. This has improved the competitiveness of farmers and increased their 

incomes. 

2. Improved Crop Yields: The availability of subsidies for inputs, such as seeds and fertilizers, has improved the 

productivity of crops, leading to increased yields and income for farmers. 

3. Reduced Cost of Production: Subsidies for inputs, such as fertilizers and pesticides, have reduced the cost of production 

for farmers, allowing them to earn higher profits from their crops. 

4. Increased Adoption of Technology: The availability of subsidies for technology, such as precision farming and soil 

conservation measures, has encouraged farmers to adopt new technologies, leading to increased productivity and 

efficiency. 

5. Improved Food Security: The increased production of food crops as a result of subsidies and schemes has improved food 

security in Nagaland and reduced the dependence on imports. 
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6. Promotion of Organic Farming: The availability of subsidies and support for organic farming practices has encouraged 

farmers to adopts environmentally sustainable agriculture practices, leading to improved soil health and reduced 

dependence on chemical inputs. 

5.4 Benefits from Schemes and Subsides 

The Nagaland Department of Agriculture under RKVY successfully constructed and inaugurated A/C Organic Market at NE 

Agri-Expo 4th mile, Dimapur, in 2020. In addition, as part of the Sub-Mission Agricultural Mechanization, the department 

gave farmers 93 tractors, 878 power tillers, 460 brush cutters, 215 rotary tillers, and 372 other small but useful pieces of 

equipment (SMAM). A total of 2, 13,613 farmers registered for PM Kisan on February 4th, 2021, and each received 216.08 

crores. Under RKVY, the department constructed 19 marketing sheds and 12 collection stores across various districts. 87.5 

MT of certified potatoes covering 35 ha was distributed as part of the Seed Production Program in the first year of the RKVY 

programme, 2016–17. (EMN, 2022) 

The department of agriculture was capable of exceeding the national average of 2.69 and attaining an agro-based growth rate 

of 6.14 percent thanks to the state's RKVY being intercepted. About 67.52 thousand hectares of oilseed cultivation are carried 

out in the state under the National Mission on Oilseed and Oil Palm (NMOOP), primarily on marginal lands. From 2016 to 

2017, oil palm plantations covered 1200 ha. The Agricultural Technology Management Agency in Nagaland has benefited 

food producers and societies in 74 blocks across 11 districts (ATMA). The 11th and 12th five-year plans included the National 

Food Security Mission (NFSM), which was created with the goal of boosting the annual output of rice, wheat, and pulses. 

Integrated Pest Management (RKVY) successfully conducted instruction and demos on vegetables, paddy, and cereals in 60 

Farmers’ Field Schools (FFS) in 2016–17. All 11 districts and 19 subdivisions underwent surveillance and monitoring surveys 

to determine the presence of pests, and 20000 Tricho cards were given to farmers. The federal and state governments' various 

programmes and subsidies, which have aided farmers and massively increased their output, have greatly benefited the 

agricultural sector. (Yanthan, 2023) 

5.5 Role of Agriculture Sector in Nagaland 

Agriculture plays a crucial role in the economy of Nagaland, as it is the primary source of livelihood for a majority of the 

population. Here are some of the roles that agriculture plays in Nagaland: 

1. Employment Generation: Agriculture is the largest employer in Nagaland, providing livelihoods to a majority of the 

rural population. It is estimated that around 70% if the state’s population is engaged in agriculture and allied activities. 

2. Food Security: Agriculture is the main source of food for the people of Nagaland. The state’s diverse agro-climatic 

conditions allow for the cultivation of a variety of food crops, including rice, maize, millets, pulses, and vegetables. 

3. Contribution to State Economy: Agriculture contributes significantly to the state’s economy, accounting for around 28 

percent of the state’s Gross State Domestic Product (GSDP) and employing over 60 percent of the workforce in the primary 

sector. 

4. Preservation of Biodiversity: Agriculture in Nagaland is characterized by a unique mix of traditional and modern farming 

practices, leading to the preservation of the state’s rich biodiversity. The state id home to a variety of indigenous crops, 

including Naga chillies, aromatic rice, and organic vegetables. 

5. Export of Agricultural Produce: Nagaland’s unique agricultural produce, such as the Naga King Chilli, has attracted 

international attention and crated new opportunities for exporting organic produce to international markets, such as Europe 

and the Middle East. 

6. Promoting Rural Development: Agriculture plays an important role in the overall development of rural areas in 

Nagaland, as it provides livelihood opportunities and contributes to the creation of rural infrastructure. 

5.6 Economic Contribution of Agriculture Sector in Nagaland 

The agriculture sector is a vital contributor to the economy of Nagaland, providing employment and livelihood opportunities 

to a large number of people. Agriculture, along with allied sectors, such as livestock and forestry, accounts for a significant 

share of the state’s economy. Here are some of the key economic contributions of the agriculture sector in Nagaland: 
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1. Employment: Agriculture is a major source of employment in Nagaland, providing livelihood opportunities to a large 

number of people, especially in rural areas. According to the 2011Census, around 70 percent of the state’s population is 

engages in agriculture. 

2. Contribution to GDP: The agriculture sector is a significant contributor to the Gross Domestic Product (GDP) of 

Nagaland. According to the Economic Survey of Nagaland (2019-20), the share of agriculture and allied sectors in the 

state’s GDP was around 20 percent in 2018-19. 

3. Export Earnings: Agriculture is a major contributor to the state’s export earnings. Nagaland is known for its high-quality 

agricultural products such as organic fruits and vegetables, spices, and medicinal plants. The state has a significant 

potential for exports of agricultural products, and several initiatives have been taken to promote agricultural exports from 

the state.  

4. Food Security: Agriculture is a critical sector for ensuring food security in Nagaland. The state is largely dependent on 

agriculture for its food requirements, and a significant part of the state’s population is engaged in subsistence agriculture. 

5. Rural Development: Agriculture is a crucial driver of rural development in Nagaland. The growth and development of 

the agriculture sector can lead to the development of rural area, create employment opportunities, and improve the standard 

of living of people in rural areas. 

5.7 Employment Opportunities in Agriculture of Nagaland 

Agriculture in Nagaland provides significant employment opportunities, particularly in the rural areas of the state. Here are 

some of the employment opportunities available in the agriculture sector in Nagaland: 

1. Farming: It is the most common agricultural activity in Nagaland, and it provides employment to a majority of the 

population in the rural areas. Farmers are engaged in the cultivation of various crops, including rice, maize, millets, pulses, 

and vegetables. 

2. Livestock Rearing: Livestock rearing is another important agricultural activity in Nagaland. The state has a significant 

population of livestock, including cattle, pigs, and poultry. Livestock rearing provides employment opportunities for many 

people, including small-scale farmers, livestock keepers, and dairy farmers. 

3. Horticulture: Horticulture is another significant agricultural activity in Nagaland, with the cultivation of fruits, flowers, 

and medicinal plants. Horticulture provides employment opportunities for both men and women, particularly in the post-

harvest management and processing of horticultural produce. 

4. Fisheries: Nagaland has a significant potential for fisheries development, with several rivers, streams, and natural water 

bodies. Fisheries provide employment opportunities for fish farmers, fish traders, and fish processors. 

5. Values Addition and Marketing: The agricultural produce’ value addition and marketing provide employment 

opportunities for people engaged in food processing, packaging, and marketing. It also creates opportunities for 

entrepreneurs and small-scale industries. 

6. Agricultural Services: The agricultural sector in Nagaland also provided employment opportunities for people engages 

in agricultural services such as extension services, research and development, and farm mechanization services. 

5.8 Major Issues of Agriculture Sector in Nagaland 

Despite the crucial role of agriculture in Nagaland’s economy, the sector faces several challenges and issues that hinder its 

growth and development. Some of the main issues in Nagaland agriculture include: 

1. Land Fragmentation: Land in Nagaland is fragmented and divided into small and scattered parcels, which makes it 

difficult for farmers to adopt modern farming practices and technologies. This also limits the scope for commercial farming 

and investment in agriculture. 

2. Lack of Irrigation Facilities: Nagaland has a high dependence on rainfall for agriculture, and there is a lack of adequate 

irrigation facilities. This limits the ability of farmers to cultivate crops throughout the year and reduces productivity. 

3. Low Productivity: Agriculture in Nagaland is characterized by low productivity due to the use of traditional and low-

yielding varieties of crops, limited access to modern inputs such as fertilizers and pesticides, and poor farming practices. 
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4. Post-Harvest Losses: Nagaland faces significant post-harvest losses due to inadequate storage facilities, lack of 

processing and marketing infrastructure, and limited access to credit and market linkages. 

5. Limited Access to Credit: Farmers in Nagaland face limited access to credit, which hinders their ability to invest in 

farming and adopt modern farming practices. 

6. Limited Research and Development: There is a lack of research and development in agriculture in Nagaland, which 

limits the ability of farmers to adopt new technologies and farming practices. This also hinders the development of high-

value crops and value addition in agriculture. 

5.9 Suggestion for the better implication of subsidies and Schemes in Agriculture sectors of Nagaland 

To ensure the effective implementation of subsidies and schemes in the agriculture sector of Nagaland.  

1. Awareness and Outreach: One of the primary challenges in the effective implementation of subsidies and schemes is the 

lack of awareness and outreach. The government should ensure that farmers are well-informed about the various subsidies 

and schemes available to them. This can be done through awareness campaigns, workshops, and training programs. 

2. Timely Disbursement of Funds: The timely disbursement of funds is critical to the success of subsidies and schemes. 

The government should ensure that funds are disbursed on time and that there are no delays in the implementation of 

projects. 

3. Customized Schemes: These can be designed to suit the specific needs of farmers in different regions of the state. This 

can ensure that subsidies and schemes are tailored to meet the requirements of the farmers and are more effective. 

4. Capacity Building: It is essential for the effective implementation of subsidies and schemes. The government should 

provide training and capacity building programs for farmers and other stakeholders involved in the agriculture sector. 

5. Monitoring and Evaluation: These are crucial to ensure the effective implementation of subsidies and schemes. The 

government should establish a monitoring and evaluation mechanism to assess the impact of subsidies and schemes and 

identify areas that require improvement. 

6. Public-Private Partnership: The government can encourage Public-Private Partnership to promote the development of 

the agriculture sector. Private sector players can be involved in the implementation of subsidies and schemes, which can 

lead to better results. 

VI. CONCLUSION  

Subsidies play an important role in promoting an economic and social policy of a country by supporting the economic sector, 

for a state like Nagaland without the help of subsidies, the development of the agricultural sector is not possible as it lacks 

various facilities and technologies required for improvement of the agricultural sector. The subsidies and schemes in the 

agriculture sector of Nagaland aim to promote sustainable agriculture practices, increase agricultural productivity, and improve 

farmers’ income. These schemes provide financial assistance for various activities such as infrastructure development, the use 

of modern farming techniques, and the promotion of organic farming. While there are some positive impacts of subsidies and 

schemes on the agricultural sector in Nagaland, it is important to note that the impact can vary depending on the specific scheme 

and the region in which it is implemented. Effective implementation, monitoring, and evaluation are important factors in 

ensuring that the full potential of these subsidies and schemes is realized. The agriculture sector is a crucial contributor to the 

economy of Nagaland, providing employment, contributing to the GDP, generating export earnings, ensuring food security, 

and driving rural development. Given the vast potential of the sector, there is a need for sustained efforts to promote the growth 

and development of agriculture in the state. The state government has initiated various schemes and programs to promote 

employment in agriculture, including skill development programs, financial assistance, and support for the development of 

agro-based industries. It requires a multipronged approach that involves improving access to credit, irrigation, and storage 

facilities, promoting modern farming practices, encouraging the use of high-yielding crop varieties, and investing in research 

and development in agriculture. The effective implementation of subsidies and schemes in the agriculture sector of Nagaland 

can be achieved through awareness and outreach, timely disbursement of funds, customized schemes, capacity building, 

monitoring and evaluation, and public-private partnerships. These measures can lead to a more sustainable and productive 

agriculture sector in Nagaland. 
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Abstract— Papaya and Muskmelon fruit bar enriched with palm jaggery is a nutritious product which has been shown to be 

effective in providing health and nutritious benefits for human beings. In present study on the development of papaya- 

muskmelon fruit bar enriched with palm jaggery, Papaya- muskmelon fruit bar was prepared from blend of ripe papaya and 

muskmelon pulp in the ratio of (50:50), cane sugar (25%), Pectin (1%), Citric acid (0.5%), on weight basis and taken as 

standard or control. The main aim of the present study is to replace the cane sugar with the palm jaggery in order to increase 

the nutrient composition of papaya- muskmelon fruit bar. The palm jaggery incorporated in three different compositions (25%, 

20%, 30%) and analyzed physico- chemical, colour, texture and sensory characteristics of the Papaya-muskmelon fruit bar. 

The results obtained that papaya and muskmelon fruit bar enriched with palm jaggery had moisture content of about 12-15%, 

TSS 65-75 Brix, Total ash content of 0.04-0.5%. Colour study revealed that standard is totally different from three samples 

which is dark chocolate colour. Sensory characteristics revealed all the samples of the Papaya-muskmelon fruit bar enriched 

with palm jaggery are acceptable. In that 30% palm jaggery enriched papaya-muskmelon fruit bar is highly acceptable in 

appearance, taste, aroma and overall acceptability. The samples are packed in LDPE pouches, stored at room temperature 

(27ºC).  

Keywords— Fruit bar, palm jaggery, colour. 

I. INTRODUCTION 

Papaya (Carica papaya L) is considered as one of the important fruit because it is rich source of antioxidants, phyto-chemicals, 

nutrients such as; carotenes, vitamin C, and flavonoids, the B vitamins including folate and panthothenic acid, minerals such as 

potassium and magnesium, and dietary fiber ((Murcia et al. & Leong and Shui, 2004). The fruit is mostly consumed fresh but 

the immature fruit is also cooked or used in fruit salads, preserves, sauces and pies. The fruit is characterized for its active 

pectinolytic enzymes during ripening. Papaya (Carica papaya L) is a good source of α-carotene. Health benefits of Papaya 

(Carica papaya L) are diabetic cure, improves Heart health, improves digestion, cancer prevention, activate human growth 

hormone, reduce stress and improves bone health (Jain, 2004). Musk melon fruit is commonly known as Kharbooja in Hindi and 

Musk melon or Cantaloupe in English. Musk melon (Cucumis melo) vary in size, shape and rind. The outer skin may be smooth, 

netted, ribbed, furrowed. The Fruits are many seeded. The unique aroma of melon is composed of many volatile compounds, 

biosynthetically derived from fatty acids, carotenoids, amino acids and terpenes. Musk melon (Cucumis melo) is cultivated in 

all tropical and subtropical areas of the world for its nutritional and medicinal value. This fruit possess useful medicinal properties 

such as analgesic, anti-inflammatory, anti-oxidant, free radical scavenging, anti-platelet, anti- ulcer, anti-cancer, anti-microbial, 

hepato-protective, diuretic, anti-diabetic, anthelmintic and anti-fertility activity. The phytoconstituents from various parts of the 

plant include β-carotenes, Apo-carotenoids, ascorbic acid, flavonoids, terpenoids, chromone derivatives, carbohydrates, amino 

acids, fatty acids, phospholipids, glycolipids, volatile components and various minerals. 
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India stands first in terms of its wealth of palmyrah palms with a population estimated to nearly 122 million palms in the world, 

it has great economic potential referred to as tree of life and all parts of the palm are useful to human beings in different forms 

such as food, beverage, fiber, fodder and timber. The edible palm products are rich vitamin and minerals, but products are not 

commercialized as lack of value addition. Palm Jaggery is made from the extract of Palm trees in Southern India. These trees 

are also known as Toddy palm trees or Palmyra trees. The Jaggery is processed from the unfermented Palmyra tree sap called 

Neera. It is highly priced due to its medicinal properties. The Palm Jaggery obtained after processing is darker and richer in 

colour. Palm Jaggery is quite popular in the Southern states of Tamil Nadu (called Karupattivellam or panavellam), Karnataka 

(it is called Thaatibella in some places and Olebella in Mangalore, which is believed to be the best), Kerala and Andhra Pradesh. 

Palm Jaggery usually contains 65-85% sucrose and 5-15% reducing sugars, and is consumed directly or used for preparation of 

sweet confectionary items (like Payasams and neyyi appams) and ayurvedic/traditional medicines, and it may have a role to 

reduce the chance of lung cancer. It is a good source of minerals like calcium, phosphorous and iron. Due to its cooling effects 

over human body, it is of high value. It does not have the bone meal content which is used for whitening processed sugar. Health 

benefits of Palm Jaggery includes Liver detoxification, purifies blood, activates digestive enzymes, acts as energy booster, helps 

to reduce weight and also prevent constipation (by stimulating bowel movements). Excess consumption of sugar which is calorie 

rich food leads to Obesity, Heart disease and Type 2 diabetes. The attempt was made to use of palm jaggery which is substitute 

for Sugar in the Process technology of Papaya – Musk melon Fruit bar is to overcome the calorie intake, obesity, moreover it 

also reduces the risk of Heart disease and Type 2 diabetes. It offers many opportunities to develop balanced health product high 

in quality with respect to both sensory and nutritional aspects. Therefore the present study on “Studies on the Development of 

papaya- muskmelon fruit bar enriched with palm jaggery” was undertaken. 

II. MATERIALS AND METHODS 

The present study entitled “Studies on the Development of papaya- muskmelon fruit bar enriched with palm jaggery” was 

attempted to analyze the texture and appearance of the fruit bar enriched with Palm Jaggery 

2.1 Preparation of Papaya and Muskmelon Fruit Pulp: 

Fruits are washed and sanitized in Chlorinated water (100ppm). Leathery skin of papaya and hard rind of the muskmelons 

are peeled off and seeds are removed. Then, fruits are cut into cubes and pulping is done by using mechanical pulper. The 

papaya pulp and muskmelon pulp are blended in definite proportions. Sugar (25%) and Palm Jaggery syrup (20%, 25%, 30%) 

are added to the blended pulp and are thermally processed till it satisfies sheeting test. Then the mix is transferred to the trays 

and dried in cabinet tray drier for 4-6 hrs at 60°C. Finally cut the bar sheet into suitable sizes (2.5x5.0 cm) and packaged in 

LDPE. 

TABLE 1 

FORMULATION USED TO PREPARE PAPAYA-MUSKMELON FRUIT BAR ENRICHED WITH PALM JAGGERY 

Papaya: Muskmelon 50:50 Citric Acid Sugar Palm Jaggery Pectin 

C(Control) 0.50% 25% - 1% 

S1 0.50% - 20% 1% 

S2 0.50% - 25% 1% 

S3 0.50% - 30% 1% 

 

The sample blended with papaya: muskmelon pulp 50:50, and sugar (25%) is now taken as control and the physical, chemical 

and sensory properties are studied. Papaya pulp and Musk melon pulp taken in equal proportions (50:50) were blended with each 

other with an amount of Citric acid, Palm Jaggery and Pectin each in different. 
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FIGURE 1: Flow chart of the process technology of papaya-muskmelon fruit bar enriched with palm jaggery 
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2.2 Physico-chemical analysis: 

2.2.1 Moisture content: 

Moisture content of the Papaya-Musk melon fruit bar enriched with Palm Jaggery determined according to (AOAC, Analysis, 

Official methods of Agricultural Chemists, 1990) method. 

2.2.2 Total Soluble Solids: 

TSS is the most important quality parameter used to indicate sweetness of fresh and processed food products. A hand 

refractometer is used to measure the total soluble solids of the sample. A Hand refractometer works on the principle of total 

refraction. A few drops of sample were taken on prism of refractometer and direct reading was taken and the results were 

expressed as percent soluble solids (0Brix). The total soluble solids in all the treatments of samples were directly recorded with 

the help of hand refractometer for 21 days at 7 days of intervals. 

2.2.3 pH: 

The pH of each sample was determined with the help of digital pH meter. The pH meter was standardized by using buffers of 

pH 7.00 and 4.00 prior to recording pH of the samples. A sufficient quantity (50mL) of beverage was taken in 100mL beaker 

and pH meter was used to record pH according to method described by (Ranganna, 1986) 

2.2.4 Colour: 

Colour parameters of the Papaya-Musk melon fruit bar enriched with Palm Jaggery were measured by using Hunter Lab 

Colorimeter. Results were reported as L value and chroma at hunter scale, where L and chroma correspond to lightness and 

color saturation or intensity, respectively. 

2.3 Total Ash content: 

Total Ash content of the Papaya-Musk melon fruit bar enriched with Palm Jaggery can be determined using according to 

(AOAC, 1970) method. 

III. RESULTS AND DISCUSSION 

3.1 Total Soluble Solids: 

The Total soluble solids data obtained for the prepared Papaya-Musk melon Fruit bars are presented in Table. The data revealed 

that the increasing trend of total soluble solids content was noticed by the increase in Palm Jaggery Concentration. The initial 

variation in TSS was found in different samples which are attributed to processing variation. Among samples the highest TSS 

recorded in S3(71.15) followed by S2(65.99), S1(65.33) and the control sample S0 (75). Increase of TSS may be due to conversion 

of Polysaccharides to simple sugars. 

TABLE 2 

TSS VALUES OF PAPAYA-MUSK MELON FRUIT BAR SAMPLES 

S.No Particulars TSS( Brix ) 

1 Fruit bar- Control (25% Cane sugar) 75 

2 Fruit bar- Sample 1 (20% Palm Jaggery) 65 

3 Fruit bar- Sample 2 (25% Palm Jaggery) 66 

4 Fruit bar- Sample 3 (30% Palm Jaggery) 71 

 

3.2 pH: 

The pH values of the prepared Papaya-Musk melon Fruit bars are presented in Table 3. The pH of the prepared Papaya-Musk 

melon Fruit bar samples recorded an increasing trend. The maximum pH of 4.11 was observed in sample 3. 
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TABLE 3 

PH VALUES FOR THE PAPAYA-MUSK MELON FRUIT BAR SAMPLES 

S.No Particulars pH 

1 Fruit bar- Control (25% Cane sugar) 3.75 

2 Fruit bar- Sample 1 (20% Palm Jaggery) 3.39 

3 Fruit bar- Sample 2 (25% Palm Jaggery) 3.73 

4 Fruit bar- Sample 3 (30% Palm Jaggery) 4.11 

 

3.3 Moisture content: 

The Moisture content in % values of the prepared Papaya-Musk melon Fruit bars are presented in Table 4. The moisture content 

of the samples showing decreasing trend and sample 3 obtained lowest value which is desirable than other sample fruit bars.  

TABLE 4 

MOISTURE CONTENT IN % VALUES FOR THE PAPAYA-MUSK MELON FRUIT BAR SAMPLES 

S. No Particulars Moisture content % 

1 Fruit bar- Control (25% Cane sugar) 12.54 

2 Fruit bar- Sample 1 (20% Palm Jaggery) 14.21 

3 Fruit bar- Sample 2 (25% Palm Jaggery) 13.62 

4 Fruit bar- Sample 3 (30% Palm Jaggery) 12.36 

 

3.4 Colour: 

For food items, colour is being used as a measure to signify value and freshness. It has therefore been vital for food producers 

to be able to determine the value of their product. The colour of different dried fruit bars were reported by L*, a*, b* values 

corresponding to lightness, greenness and yellowness respectively. Colour plays an important role in attracting consumers. The 

colour of fruit bar sample 3 was remarkably better than other sample fruit bars. The Colour values of the prepared Papaya-Musk 

melon Fruit bars are presented in Table 5. 

TABLE 5 

COLOUR PARAMETER VALUES FOR THE PAPAYA-MUSK MELON FRUIT BAR SAMPLES 

S. No Particulars ΔL* Δa* Δb* ΔE* 

1 

Fruit bar- Control 

0.33 1.96 0.32 2.01 

(25% Cane sugar) 

2 

Fruit bar- Sample 1 

-8.77 -6.67 -8.28 13.78 

(20% Cane sugar) 

3 Fruit bar- Sample 2 (25% Palm Jaggery) -7.25 -7.64 -10.42 14.81 

4 Fruit bar- Sample 3 (30% Palm Jaggery) -13.21 -5.87 -6.49 15.85 
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3.5 Total ash content: 

The total ash content values of the prepared papaya-musk melon fruit bars are presented in Table 6. Total ash content values 

showing better in sample 3 than other sample fruit bars which is recommendable for more availability of minerals. 

TABLE 6 

TOTAL ASH CONTENT VALUES FOR THE PAPAYA-MUSK MELON FRUIT BAR SAMPLES 

S. No Particulars Total ash content % 

1 Fruit bar- Control (25% Cane sugar) 1 

2 Fruit bar- Sample 1 (20% Palm Jaggery) 0.4 

3 Fruit bar- Sample 2 (25% Palm Jaggery) 0.6 

4 Fruit bar- Sample 3 (30% Palm Jaggery) 0.9 

 

3.6 Sensory Analysis: 

Sensory attributes like appearance, taste, flavour and overall acceptability were analysed by using 9-point hedonic scale and 

results were shown in Table 7. 

TABLE 7 

SENSORY ANALYSIS VALUES OF PAPAYA-MUSK MELON FRUIT BAR SAMPLES 

S. NO Particulars 

Attributes 

Appearance Taste Flavor 

Overall 

acceptability 

1 Fruit bar- Control (25% Cane sugar) 8.25 8.33 8.58 8.38 

2 Fruit bar- Sample 1 (20% Palm Jaggery) 7.91 6.75 7.08 7.24 

3 Fruit bar- Sample 2 (25% Palm Jaggery) 8 7.33 7.58 7.63 

4 Fruit bar- Sample 3 (30% Palm Jaggery) 8.83 8.16 7.91 8.4 

 

The score for appearance was found highest in sample 3 Papaya- Musk melon Fruit bar enriched with Palm Jaggery (30%) 

with a score of 8.83. The score for Taste in sample 3 papaya-musk melon fruit bar enriched with palm jaggery (30%) 

with a score of 8.16. Flavour of sample 3 Papaya-Musk melon Fruit bar enriched with palm jaggery (30%) with a score of 

7.91. The sensory score presented in Table 7. Significant increase in overall acceptability was found with increase in palm 

jaggery content. The maximum overall acceptability (8.40) was obtained by the sample 3 papaya-musk melon fruit bar 

enriched with palm jaggery (30%). 

IV. CONCLUSION 

Fruit bar was prepared by blending papaya-musk melon fruit pulp (50:50) with enrichment of palm jaggery syrup in the 

proportions of 20%, 25% and 30%. The formulations were analysed to study their physico-chemical parameters and overall 

acceptability. In the sensory evaluation and also in Textural Evaluation, highest overall acceptability was attained by Papaya-

Musk melon Fruit bar enriched with Palm Jaggery (30%). Thus, it may be recommended that the palm jaggery syrup may be 

utilized in a better way by blending with papaya-musk melon fruit pulp (50:50). This ultimately can be boon for calorie conscious 

population in replacement of Sugar which is Non-nutritious and calorie rich for their daily intake. 
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