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FOREWORD 

I am honoured to introduce this latest issue to the International Journal of Environment, Agriculture and 

Biotechnology (IJEAB). Our journal is dedicated to disseminating high-quality research and innovative 

findings that contribute to advancing knowledge in these critical fields. 

In this issue, we present a collection of papers that exemplify the diversity and depth of contemporary 

environmental, agriculture, and biotechnology research. The articles include various topics, from sustainable 

agricultural practices and environmental conservation strategies to cutting-edge biotechnological 

innovations. Each contribution has undergone a rigorous peer-review process, ensuring the publication of 

only the most significant and original research. 

Our commitment at IJEAB is to provide a robust platform for researchers, academicians, and practitioners to 

share their work and engage with a global audience. By fostering an interdisciplinary approach, we aim to 

bridge the gaps between different areas of study and promote holistic understanding and solutions to the 

challenges we face in these domains. 

We are grateful to our dedicated authors, whose hard work and intellectual rigour are the backbone of our 

journal. We also extend our appreciation to our reviewers and editorial board members, whose expertise and 

diligence ensure the high standards of our publication. Finally, we thank our readers for their continued 

support and engagement. 

We hope you find the articles insightful and inspiring as you explore this issue. We encourage you to 

contribute your research to future issues and join us in our mission to advance knowledge and drive positive 

change in the environment, agriculture, and biotechnology fields. 

Sincerely, 

Editor-in-Chief 

International Journal of Environment, Agriculture and Biotechnology (IJEAB) 

NAAS Score Journal 

www.ijeab.com  

 

 

  

http://www.ijeab.com/
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Abstract— Post embroyonic development time egg production rate and body weight of Rhynocoris 

longifrons (Stal°) were studied for three commonly used insecticides in the agro ecosystem  namely  

monocrotophos, dimethoate and quinalphos. All of the instecticides increased and stadial period and 

decreased the body weight, egg production and longevity. Maximum effect of the insecticides was observed 

in monocrotophos treated insects which was followed by dimethoate and quinalphos applied insects. This 

study paves an idea that while applying the insecticides in the agro ecosystem to control insect pests, care 

should be taken in the selection of insecticides which will be safe to the non-target insects which is already 

available in the ecosystem. 

Keywords— Rhynocoris longifrons, monocrotophos, dimethoate, quinalphos, post embryonic 

development  

 

I. INTRODUCTION 

Reduviids (Hemiptera : Reduviidae ) are  one of the highly 

successful predators, and they play a key role in the 

biological control of insect pests. The reduviid biocontrol 

agents inhabit scrub jungles, semi-arid zones and agro 

ecosystems and they on a wide range of insect pests of 

various sizes holding promise as useful agents in Integrated 

Pest Management (Ambrose, 1988,1995,1996). Modern 

agriculture has come to rely extensively on synthetic 

chemical pesticides for pest control. Although these toxins 

are targeted at plant pests , many of  them are broad 

spectrum biocides  that have profound effects on the non-

target species in agro ecosystems (George and Ambrose, 

1999a,b). Non target reduviid predators (Assassin bugs) 

living in agro ecosystems are being exposed to insecticides 

frequently which are indiscriminately used to control insect 

pest population (George and Ambrose, 2004). Even though 

insecticides are widely studied for their control potential 

against particular insect pests, they are very less studied or 

even neglected on their control potential against particular 

insect pests, they are very less studied or even neglected on 

their impact on non-target insects. Much less is known 

about effects of chemical insecticides on non-target 

predators than on herbivorous insects (Croft and 

Brown,1975; Sahayaraj and Amalraj, 2005). This prompted 

the author to study the impact of sub lethal concentrations 

of the three commonly used insecticides in the cotton 

ecosystem namely monocrotophos, dimethoate and 

quinalphos which are both contact and stomach poison on 

the post embryonic development, egg production and body 

weight of the reduviid  predator  Rhynocoris longiforns 

(Stal). R.longifrons  was reported to be living in cotton agro 

ecosystem and predating upon various insects pests like  

Aphis gossyphii, Dysdercus cingulatus, P. solenopsis , 

Clavigralla gibbosa Spinola and Nesara viridula Linnaeus, 

H. armigera and Spodoptera litura Fab.(Sahayaraj et.al.,, 

2020). Information from such study will enable researchers 
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and farmers to select the most suitable insecticides with 

least damage to R. longifrons which are existing in the 

agroecosystem. 

 

II. MATERIALS AND METHODS 

The predator, R. longifrons was collected from the 

Sunkankadi scrub jungle (77. 26’E and 8. 16’N) and 
Muppanthal (77.  31’ E and 8 22’ N) scrub jungle, in 

Kanyakumari district of  Tamil Nadu, South  India . They 

were maintained in round plastic troughs with netted lids 

(16cm diameter x 7 cm height) in the Kalasalingam 

Biocontrol Laboratory at 28-34° C temperature, 12-13h 

photoperiod and 75-80% relative humidity. R.longifrons  

was found to inhabit  concealed  microhabitats such as 

beneath the boulders and in small  crevices in pairs. The 

nymphs were also found along with the adults. The adults 

were alate, crepuscular, entomosuccivorous and 

polyphagous. They laid eggs in clusters. The reduviids mass 

reared in the laboratory on Corcyra cephalonica Stainton 

were used for the experimental studies. The nymphs were 

reared separately as the III instar nymphs are used for 

present study. 

Preliminary studies were conducted with each insecticide to 

find out the LC50 concentration of III nymphal instar for 48 

h duration and 1/10 values of the 48h LC50 concentration of 

each insecticide were considered as the sub lethal 

concentrations. They were 0.0011, 0.0018 and 0.0032% for 

monocrotophos, dimethoate and quinalphos, respectively. 

75 ml plastic containers covered with netted lids were used 

for the present experiment. Cotton leaves were cut based on 

the size of the container and sub lethal concentration of each 

of insecticide was sprayed over the leaves separately with 

help of the hand sprayer. Sprayed leaves were dried for 

about 15 minutes under normal ceiling fan and then they are 

placed over moist tissue paper to keep them turgid inside 

the container for longtime. Three to four leaves were placed 

inside each container with the ventral surface of the leaves 

facing upwards (George and Ambrose, 1999). 

Fifteen III instar nymphs were taken from the culture and 

exposed to the sub lethal concentration of each insecticide, 

separately. Fifteen III instar nymphs were taken and they 

are exposed to cotton leaves sprayed with water and 

maintained as a control group. The experimental as well as 

control group were maintained at room temperature (29 ± 

1°C) The insect concentration was maintained continuously 

for 20 days: ie, the insecticide sprayed leaves were changed 

with fresh leaves sprayed with insecticide, the insecticide 

exposed III instar nymphs were reared up to adult. The 

stadial period and body weight of the IV and V instar 

nymphs and adults were recorded. The egg production of 

the adult and longevity of both male and female were also 

recorded.  All the variations caused by the three 

insecticides, stadial period and weight were initially 

analyzed by oneway ANOVA (SAS Institute, 1988) to 

determine if there is any differences existed among and 

treatment means. If significant differences are there, then 

the individual treatment means were tested by post ANOVA 

(Tukey, 1953). Statistical significance was determined by 

setting the aggregate type 1 error at 5% (P<0.05) for each 

set of comparisons. 

Regarding the effect of insecticides on the longevity and 

fecundity, as 1/10 of 48h LC50 will cause mortality in the 

prolonged exposure, 96h LC50 concentration was 

considered as one toxic unit and 1/3, 1/6, 1/9 and 1/12 of the 

adult 96h LC50 concentrations were selected as sub lethal 

concentration for all three insecticides. Adult males and 

females aged less than 10 days were used from the existing 

laboratory culture. Totally 60 adult insects (30 male insects 

and 30 female insects) were used for each insecticide, 15 

insects per concentration of insecticides (4 x 15 = 60). 

Fifteen adults were also maintained as control and the 

insecticide exposure was carried out for 20 days. The 

number of eggs laid in each experimental and control 

category were recorded separately. The longevity of male 

and female in experimental and control were also recorded 

and all the experimental data were compared with control 

categories and subjected to students t-test to find out the 

impact insecticides. 

 

III. RESULTS AND DISCUSSION 

The insecticides heavily altered the stadial period, body 

weight, number of eggs laid and also the longevity. Table 1 

shows the impact of the sub lethal concentration of three 

insecticides monocrotphos, dimethoate and quinalphos on 

the stadial period of R.longifrons. The insecticides showed 

an extension of III stadial period from 9.13 ± 2.48 (control) 

to 13.68 ± 3.36, 10.13 ± 3.43 and 11.67 ± 3.13 by the sub 

lethal concentrations of the insecticides monocrotophos, 

dimethoate and quinalphos, respectively. Similar 

observation was also noticed for the IV and V stadial period.  

It is also observed that the females took more time for the 

development than males. Among the three insecticides 

monocrotophos showed maximum extension in the stadial 

period which is followed by quinalphos and dimethoate. 

The extension of the stadial might be due to the insecticidal 

blocking of the hydroxylation process which might have 

reduced the hormone level necessary for moulting (Conney 

et.al.,1966). George and Ambrose (1999 a, b) also reported 

similar increase in the stadial period due to the exposure of 

the sub lethal concentration of 5 insecticides on the on the 

reduviid Rhynocoris kumarii Ambrose and Livingstone.  

https://dx.doi.org/10.22161/ijeab.95.1
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Table 1. Impact of sub lethal concentration (1/10 0f 48h LC50) of three insecticides on the stadial period (days) of 

R.longifrons. 

Insecticides III – IV instar IV – V instar V – Adult male V – Adult female 

Control 9.13 ± 2.48a 13.67 ± 3.84a 16.85 ± 3.59a 17.41 ± 3.81a 

Monocrotophos 13.68 ± 3.36b 18.33 ± 4.12c 21.21 ± 4.19c 23.11 ± 2.89c 

Dimethoate 10.13 ± 3.43a 14.11 ± 3.52ab 17.87 ±  3.12ab 18.23 ± 3.11ab 

Quinalphos 11.67 ± 3.13ac 15.54 ± 3.28b 18.56 ± 3.87b 19.25 ± 3.55b 

Means followed by the same alphabetic letter in a column are not statistically significant at 5% (P ˃ 0.05) by Tukey test 

 

The body weight also shows drastic reduction by the sub 

lethal concentration of insecticides. The impact of 

insecticides on the body weight is shown in the table 2. All 

the three insecticides reduced the body weight of the IV, V 

instar insects and adults of R.longifrons. It is observed that 

the weight of insects in the IV instar 34.16 ± 2.21mg is 

reduced to 27.33 ± 3.41, 30.18 ± 2.22 and 29.77 ± 2.36mg 

by the sub lethal concentration of the insecticides 

monocrotophos, dimethoate and quinalphos, respectively. 

Maximum reduction in the body weight is observed in the 

monocrotophos treated category which is followed by 

quinalphos and dimethoate. The reduction in body weight 

might be due to the blocking of lactate and succinate 

dehydrogenases (Dimov and Kalyanova (1967). George and 

Ambrose (1999a, b) reported such reduction in the body 

weight in the reduviid predator R.kumarii. O’Brien (1957) 
reported some degree of inhibition of glycolytic 

tricarboxylic metabolic pathways for the reduction of body 

weight in cockroaches. 

Table 2. Impact of sub lethal concentration (1/10 0f 48h LC50) of three insecticides on the body weight (mg) of R.longifrons. 

Insecticides IV instar  V instar Adult 

Control 34.16 ± 2.21c 82.45 ± 4.11c 136.34 ± 8.53c 

Monocrotophos 27.33 ± 3.41a 67.54 ± 5.23a 118.45 ± 6.77b 

Dimethoate 30.18 ± 2.22b 75.23 ± 3.46a 127.49 ± 4.67a 

Quinalphos 29.77 ± 2.36ab 71.92 ± 4.64a 123.65 ± 5.34ab 

Means followed by the same alphabetic letter in a column are not statistically significant at 5% (P ˃ 0.05) by Tukey test 

 

The variations caused by the sub lethal concentration of the 

insecticides on the fecundity and longevity is shown in the 

table 3. All of the four sub lethal concentrations of all three 

insecticides reduced the fecundity of R. longifrons than the 

control. The total number of eggs laid in the control insects 

(143.08 ± 17.07) is drastically reduced to 83.23 ± 6.49, 

87.11 ± 5.41, 90.68 ± 5.39 and 95.19 ± 4.86 in the 1/3, 1/6, 

1/9 and 1/12 of 96h LC50 sub lethal concentrations treated 

insects. Similar reduction in fecundity is noticed in the sub 

lethal concentration treated insects of dimethoate and 

quinalphos. Here again, maximum reduction in the 

fecundity is noticed in the monocrotophos treated insects 

which explicit the highest toxicity. The reduced fecundity 

might be due to the the inhibition of food intake. Khowaja 

et.al., (1992, 1994) reported similar reduced egg out put in 

Dysdercus cingulatus Fabricius by monocrotophos. George 

and Ambrose (1999 a, b) also reported similar reduction in 

the fecundity in R. kumari treated with five insecticides.  

Similarly, the insecticides reduced the longevity of the 

reduviid predator R.longifrons which is also shown in the 

Table 3. All of the three insecticides reduced the life span 

of both the males and females of R. lonfifrons.   

Monocrotophos caused the maximum reduction in the 

longevity of males and females of R. longifrons from 117.23 

± 12.36 and 114.43 ± 11.45 to 85.23 ± 9.77 and 83.41 ± 

9.34, 88.56 ± 8.67 and 85.19 ± 7.24, 90.33 ± 7.43 and 87.19 

± 6.91 and  92.54 ± 6.45 and 89.26 ± 6.11 respectively, for 

the 1/3, 1/6, 1/9 and 1/12 of 96h LC50 sub lethal 

concentrations treated insects. Increased respiration and the 

release of a paralysis inducing stress factor by the 

insecticides may account for the decrease in longevity and 

Lucky (1968) explained this through hormologosis 

hypothesis. Similar results were also obtained by Hamilton 

and Schal (1990) and Abd Elghafar and Appel (1992) on 

German cockroaches and George and Ambrose (1999 a, b) 

in R. kumarii. This research clearly gives an idea to the 

agriculturists who are engaged in IPM that the insecticides 

monocrotophos and quinalphos are not safe and should not 
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be applied when R. longifrons is incorporated in biological 

control of insects pests and dimethoate is considered as safe 

pesticide which cause very less impact on R. longifrons. 

Table 3. Impact of sub lethal concentration (1/3, 1/6, 1/9 and 1/12 of 96 LC50) of three insecticides on the fecundity (nos.) 

and longevity (days) of R. longifrons. 

Insecticides Concentration Total number of 

eggs laid 

Longevity (days) 

Male Female 

Control  143.08 ± 17.07 117.23 ± 12.36 114.43 ± 11.45 

Monocrotophos 1/3 of 96h LC50 80.23 ± 6.49*** 85.23 ± 9.77*** 83.41 ± 9.34*** 

1/6 of 96h LC50 87.11 ± 5.41*** 88.56 ± 8.67*** 85.19 ± 7.24*** 

1/9 of 96h LC50 90.68 ± 5.39** 90.33 ± 7.43** 87.19 ± 6.91*** 

1/12 of 96h LC50 95.19 ± 4.86** 92.54 ± 6.45** 89.26 ± 6.11** 

Dimethoate 1/3 of 96h LC50 121.10 ± 4.54* 97.26 ± 6.83* 93.25 ± 6.55** 

 1/6 of 96h LC50 126.33 ± 5.11* 99.39 ± 7.49* 96.25 ± 6.55* 

 1/9 of 96h LC50 129.70 ± 4.29NS 102.45 ± 6.43NS 98.26 ± 5.87* 

 1/12 of 96h LC50 131.19 ± 4.71NS 105.27 ± 5.71NS 101.46 ± 6.28* 

Quinalphos 1/3 of 96h LC50 100.21 ± 6.21** 91.35 ± 7.58** 90.28 ± 5.98** 

 1/6 of 96h LC50 106.41 ± 4.68** 93.56 ± 8.13* 92.43 ± 6.38** 

 1/9 of 96h LC50 110.13 ± 5.11* 96.43 ± 6.26* 96.11 ± 5.49* 

 1/12 of 96h LC50 115.40 ± 5.44* 97.18 ± 8.41* 95.28 ± 4.67* 

Significance is shown at 0.1% (***), 1% (**) and 5% (*) levels of probability. NS indicates not significant. 
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Abstract— This study investigates the effects of various bio-organic amendments on the growth, 

physiological parameters, and nematode infestation in papaya crop. Treatments included fly ash (FA) at 

different concentrations (10%, 20% and 30%) inoculated with 2000 juveniles of Meloidogyne incognita (MI), 

neem cake (NC) at 50g and 100g inoculated with MI, and Trichoderma viride (Tv) at 1g and 2g inoculated 

with MI juveniles. Results showed significant improvements in shoot length, root length, fresh and dry 

weights, and chlorophyll content in plants treated with bio-organic and FA amendments compared to the 

untreated inoculated control (UIC). The highest shoot length was observed in the untreated un-inoculated 

control (UUC) at 55 cm, while UIC had the lowest at 32 cm. Treatments with 100g NC + MI and 2g Tv + 

MI resulted in shoot lengths of 52 cm and 54 cm, respectively, and increases of 62.5% and 68.8% compared 

to UIC. Root length was significantly improved with 100g NC + MI and 2g Tv + MI, reaching 43 cm and 47 

cm, respectively, representing increases of 230.8% and 261.5% compared to UIC. Chlorophyll-a content 

increased to 2.04 mg/g and 2.113 mg/g, while chlorophyll-b content reached 1.06 mg/g and 1.15 mg/g in 

treatments with 100g NC + MI and 2g Tv + MI, respectively. Total chlorophyll content was highest at 3.1 

mg/g with 100g NC + MI. Nematode infestation was markedly reduced, with 100g NC + MI and 2g Tv + MI 

showed no egg masses and root-knot indices (GI) of 2 and 2, respectively. Overall, bio-organic amendments, 

particularly higher concentrations of neem cake and T. viride, significantly enhance plant growth and reduce 

nematode infestation, suggesting their potential as sustainable agricultural practices for managing plant 

parasitic nematodes. 

Keywords— Bio-organic amendments, Fly ash, Neem cake, Nematode suppression, Plant growth and 

yield enhancement, Trichoderma viide 

 

I. INTRODUCTION 

Nematodes, particularly plant parasite nematodes (PPNs) 

like root-knot nematodes (RKNs), pose a severe economic 

($157 billion) threat to global agriculture [1]. Every year, 

plant parasitic nematodes (PPNs) result in agricultural loss 

(21.3%), which amounts to Rs. 102,039.79 million. 

Anticipated losses in 19 horticultural crops were estimated 

to be Rs. 50,224.98 million, while anticipated losses in 11 

field crops were estimated to be Rs. 51,814.81 [2]. RKNs, 

including M. incognita, M. javanica, M. arenaria, and M. 

hapla, are predominant in agriculture, inflicting damage by 

establishing feeding sites on plant roots, causing galling, 

stunted growth, and reduced yields [3]. Their ability to 

attack underground plant parts, combined with a broad host 

range and rapid reproduction, complicates effective control 

measures [4,5]. RKN's are sedentary endo-parasites 

infesting over 3,000 plant species, including major crops 
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like cotton, bananas, and tomatoes [6], and chemical 

nematicides pose health risks [7]. Eco-friendly alternatives 

like bio-control agents (Trichoderma spp.) and organic 

amendments (oil cakes and fly ash) have proven effective 

against nematode infestations [8,9,10,11,12]. With 

approximately 10,000 species, Trichoderma strains exhibit 

diverse morphologies from white to green compact tufts, 

crucial for bio-control against plant [13,14,15,16]. 

Azadirachtin, a key insecticidal compound found in neem, 

offers biopesticidal properties [17,18].  

Fly ash (FA), applications have proven effective in acid 

lateritic soils, benefiting field crops [19,20,21]. Recent 

studies underscore FA potential in remedying degraded 

soils and exploring sustainable nematode management 

practices [22]. 

Papaya (Carica papaya L.) is a versatile tropical crop 

known globally for its culinary uses and medicinal benefits. 

Its fast-growing, semi-woody trees yield latex containing 

papain, used for meat tenderization and rich in nutrients, 

papaya's edible portion includes 88.83% water, 

carbohydrates, and essential vitamins (A, B1, and B2) [23]. 

India ranks papaya as its fourth highest fruit crop by yield, 

with 138.4 thousand hectares cultivated producing 5988.8 

thousand metric tons annually [24]. Papaya is crucial for its 

immune-boosting properties and anticancer effects, 

particularly against hormone-related cancers [25]. It’s 
significance in India underscores its economic and health 

benefits. Our study aims to investigate the synergistic 

effects of fly ash, Trichoderma, and neem cake on papaya 

plants infected with Meloidogyne incognita. 

We hypothesize that the application of different 

concentrations of these bio-organic amendments will 

positively influence papaya growth, photosynthetic pigment 

content, and mitigate disease intensity compared to 

untreated plants. Specifically, our hypothesis suggests that 

FA will enhance growth parameters, Trichoderma will 

increase photosynthetic pigments such as chlorophylls and 

carotenoids, and NC will reduce nematode-induced disease 

symptoms and root damage. Our objectives include 

evaluating root, shoot growth, measuring chlorophyll, and 

carotenoid levels. 

 

II. MATERIALS AND METHODS 

2.1 Experimental site  

The experiment was conducted at the Department of Botany 

(27°52' N and 78°05' E) Aligarh Muslim University, Uttar 

Pradesh, India. The area features diverse soil types, 

including loamy, sandy, clay loam, and sandy loam, suitable 

for various agricultural experiments. Aligarh experiences a 

tropical semi-arid climate, with temperatures ranging from 

4.0°C in winter to 45°C in summer. The district receives an 

average annual rainfall of 800 mm, with a relative humidity 

of 70%, mainly during July to September.  

2.2 Soil sterilization 

Soil was placed in gunny bags, steam sterilized and 

autoclaved at 15 psi and 121°C for 15 minutes. The 

autoclaved soil was then dried and mixed with various 

concentrations of chopped fly ash, neem oil cake, and T. 

viride to create different ratios. 

2.3 Experimental materials  

The fungal bio-agent, T. viride, was cultured on Potato 

Dextrose Agar (PDA) medium. Petri dishes with T. viride 

were incubated at 25°C for 15 days. For mass culturing, T. 

viride was inoculated into PDA flasks and incubated at 

s25±1°C for 15 days. After sufficient growth, the fungal 

mycelia were filtered, dried, and ground with distilled water 

to prepare inoculum suspensions containing 1g/10 mL and 

2g/10 mL of distilled water. Neem cake was purchased from 

a seed shop in Aligarh. It was weighed to 50g and 100g as 

needed and applied to the soil in pots. Water was added, and 

the soil was left to decompose for 10-14 days. Fly ash was 

collected from the thermal power plant in Kasimpur. It was 

weighed to create 10%, 20%, and 30% mixtures. For a 10% 

mixture, 400g of fly ash was combined with 3600g of soil 

in a 4 kg pot. The same procedure was followed for other 

percentages (Fig. 1). 

2.4 Collection and preparation of nematode inoculum 

J2s of M. incognita were cultured on egg plants and housed 

in a greenhouse at university. Egg plants were carefully 

uprooted to prevent detachment of egg masses from the 

roots, followed by thorough washing in distilled water to 

remove all soil debris. Egg masses were carefully removed 

from infected roots using sterilized forceps, washed with 

distilled water and transferred to 25 µm pore-size mesh 

sieves lined with tissue layers. The sieves were placed in 

petri dishes with water just enough to cover the egg masses, 

facilitating the hatching of J2s of M. incognita. The petri 

dishes were then incubated at 25°C for 24 hours. The mesh 

sieves retained the egg masses while the hatched J2s passed 

through and settled at the bottom of the dishes. The 

suspension containing hatched J2s was collected, and the 

concentration of juveniles per ml was standardized by 

counting them in a 10ml suspension (Fig. 2).  
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Fig. 1: Figures show the bio-organic materials and fly ash used for the treatments against M. incognita, (A) Trichoderma 

viride, (B) Neem cake, (C) Fly ash 

 

 

Fig. 2: Steps of collection and preparation of nematode inoculum 
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Fig. 3: Effect different treatments on M. incognita and growth of papaya plants (for treatment details Table 1) 

 

 

Fig. 4: Effect of different treatments on root-knot disease development caused by M. incognita on papaya roots (for 

treatment details Table 1) 

 

2.5 Pot experiment and data collection  

A pot experiment was carried out in the September, 2023, 

winter season with papaya and M. incognita (Table 1). At 

maturity plants were uprooted and root and shoot lengths 

were measured using a meter scale, and fresh weights were 

recorded with a weighing machine. Subsequently, root and 

shoot samples were dried in an incubator at 72°C to 

determine dry weights.  

2.6 Estimation of photosynthetic pigments 

Fresh leaves (1g) were ground in 100 ml acetone (80%) to 

extract chlorophyll a, chlorophyll b, and carotenoids. The 

filtrate was analyzed for percent transmittance at specific 

wavelengths using a spectrophotometer: 645 nm and 663 

nm for chlorophyll [26], and 480 nm and 510 nm for 

carotenoids [27].  Chlorophyll 2 a (mg g−1)= 12.7 (�663) 2  2.69 (�645) × ý1000 × þ & & & & & & & . . (i) 
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Chlorophyll 2 b (mg g−1)= 22.9 (�645) 2  4.68 (�663) × ý1000 × þ & & & & & & & . . (ii) Chlorophyll 2 a + b (mg g−1)= 20.2 (�645) +  8.02 (�663) × ý1000 × þ & & & & & & & . . (iii) Carotenoid (mg g−1)= 7.62 (�480) 2  1.49 (�510) × ý1000 × þ & & & & & & . . (iv) 

Where, A = absorbance of all specific wavelength; V= final 

volume of chl. extract in 80% acetone(ml), W = weight of 

the fresh tissues extracted (g) 

 

2.7 Pathological parameters 

The number of galls per plant was determined by measuring 

their dimensions with a micrometer and visually counting 

them. Egg masses on infected roots were stained with 

phloxine-B, washed, and counted. The root-knot index, 

based on [28], assessed gall and egg mass severity on a scale 

from 0 to 5, ranging from no galls/egg masses to over 100 

per root system. 

2.8 Data analysis 

Three replicates were considered for each treatments. 

Analysis of variance (ANOVA) was used to assess 

differences among treatments (p < 0.05).  

 

Table 1: Treatment details used during experiment 

Treatment1 Treatment Description 
Fly Ash 

(%) 

Trichoderma 

viride (g) 

Neem 

Cake (g) 

J2s (per 

pot) 

T1 Untreated uninoculated control - - - - 

T2 Untreated inoculated control - - - 2000 

T3 10% Fly ash + 2000 J2s 10 - - 2000 

T4 20% Fly ash + 2000 J2s 20 - - 2000 

T5 30% Fly ash + 2000 J2s 30 - - 2000 

T6 50 g Neem cake + 2000 J2s - - 50 2000 

T7 100 g Neem cake + 2000 J2s - - 100 2000 

T8 1 g Trichoderma viride + 2000 J2s - 1 - 2000 

T9 2 g Trichoderma viride + 2000 J2s - 2 - 2000 

 

Table 2 : Effect of different treatments on growth performance of papaya (treatment details in table 1)  

Treatments 
Length (cm) Fresh weight (g) Dry weight(g) 

Shoot Root Shoot Root Shoot Root 

T1 55 48 62.2 27.2 12.01 4.39 

T2 32 13 27.12 9.3 4.31 1.91 

T3 37 21 39.7 12.91 7.13 2.35 

T4 47 36 53.69 20.01 9.83 3.36 

T5 35 19 31.61 11.1 5.91 2.01 

T6 41 24 46.3 15.01 7.49 2.61 

T7 52 43 59.71 25.9 11.01 3.99 

T8 45 29 49.21 18.01 8.91 2.98 

T9 54 47 61.01 26.13 11.93 4.21 

 

 

 
1Fly Ash (%) - percentage of fly ash used in the treatment; Trichoderma viride (g) – amount of Trichoderma viride applied in grams. Neem 
Cake (g) - amount of neem cake applied in grams. J2s (per pot) - number of M. incognita juveniles inoculated per pot 
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Table 3: Effect of different treatments on number of leaves and root circumference of papaya (treatment details in table 1) 

Treatments Number of leaves Root circumference (cm) 

T1 19 6.98 

T2 8 3.26 

T3 11 3.99 

T4 15 5.96 

T5 10 3.48 

T6 13 4.81 

T7 16 6.41 

T8 14 5.21 

T9 18 6.81 

 

Table 4: Effect of different treatments on photosynthetic pigments of papaya (treatment details in table 1) 

Treatments 
Photosynthetic pigments (mg/g leaf tissue) 

Chl.'a' Chl.'b' Total Chl. (a+b) Carotenoids 

T1 2.158 1.213 3.371 0.705 

T2 1.263 0.313 1.576 0.17 

T3 1.595 0.695 2.29 0.31 

T4 1.913 0.96 2.873 0.52 

T5 1.363 0.516 1.879 0.27 

T6 1.7 0.74 2.44 0.39 

T7 2.04 1.06 3.1 0.63 

T8 1.809 0.896 2.705 0.46 

T9 2.113 1.15 3.263 0.69 

 

Table 5: Effect of different treatments on pathological attributes of papaya (treatment details in table 1) 

Treatments Disease Number of galls Number of egg masses GI/EMI 

T1 Nil 0 0 0/0 

T2 Severe 67 31 4/4 

T3 Moderately severe 29 19 3/3 

T4 Mild 17 10 3/2 

T5 Very mild 10 2 2/1 

T6 Mild 19 13 3/3 

T7 Nil 5 0 2/0 

T8 Very mild 7 1 2/1 

T9 Nil 3 0 2/0 

 

III. RESULTS 

3.1 Shoot length 

Pot with UUC showed maximum (55 cm) shoot length, 

while UIC showed reduced (32 cm) growth. Treatments 

with 10% FA+MI increased (+15.6%, 37 cm), 20% FA+MI 

resulted significant improvement (46.9%, 47 cm), 30% 

FA+MI showed a moderate increase to 35 cm. Notably, 

treatments with 50g NC+MI and 100g NC+MI increased 

https://dx.doi.org/10.22161/ijeab.95.2


Jaseem et al.                    Co-application of bio-organic and fly ash: strategies for managing root-knot nematode, Meloidogyne 

incognita in papaya (Carica papaya) crop 

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 

https://dx.doi.org/10.22161/ijeab.95.2                                                                                                                                                   12 

shoot length to 41 cm and 52 cm, respectively, with 

increases of 28.1% and 62.5% compared to UIC. Moreover, 

treatments with 1g Tv + MI and 2g Tv + MI, demonstrated 

substantial growth, reaching 45 cm and 54 cm, respectively, 

representing increases of 40.6% and 68.8% compared to 

UIC. 

3.2 Root length  

Data showed that UUC treatment exhibited root length (48 

cm), while UIC showed decreased root length (13 cm). 10% 

FA + MI noticed 21 cm root length, representing a 61.5% 

increase compared to UIC. Treatments with 20% FA+MI 

led to a significant improvement to 36 cm, marking a 

176.9% increased. The treatment with 30% FA+MI showed 

a moderate increase (19 cm). 50g NC+ MI and 100g NC+ 

MI increased root length to 24 cm and 43 cm, respectively, 

with increases of 84.6% and 230.8% compared to UIC. 

Moreover, treatments with 1g Tv + MI and 2g Tv + MI, 

demonstrated substantial growth, reaching 29 cm and 47 

cm, respectively, representing increases of 123.1% and 

261.5% compared to UIC. 

3.3 Shoot fresh weight  

Results showed that pot with UUC had a fresh weight of 

shoot of 62.2 g, while UIC showed reduced growth with a 

fresh weight of shoot of 27.12 g. At 10% FA+MI increased 

fresh weight of shoot to 39.7 g, representing a 46.5% 

increase compared to UIC. Treatments with 20% FA+MI 

resulted in a significant improvement to 53.69 g, marking a 

98.1% increase. 30% FA+MI showed a moderate increase 

to 31.61 g. Treatments with 50g NC+MI and 100g NC+MI 

increased fresh weight of shoot to 46.3 g and 59.71 g, 

respectively, with increases of 70.7% and 120.3% 

compared to UIC. Moreover, treatments with 1g Tv + MI 

and 2g Tv + MI demonstrated substantial growth, reaching 

49.21 g and 61.01 g, respectively, representing increases of 

81.3% and 125.6% compared to UIC. 

3.4 Shoot dry weight  

Data showed that pot with UUC had a dry weight of shoot 

of 12.01 g, while the UIC had a reduced dry weight of shoot 

of 4.31 g. Treatments with 10% FA + MI resulted in a dry 

weight of shoot of 7.13 g, representing a 65.9% increased 

compared to UIC. At 20% FA+MI showed a significant 

improvement to 9.83 g, marking a 128.5% increase. 30% 

FA+MI showed a moderate increase to 5.91 g. Treatments 

with 50g NC+ MI and 100g NC+ MI increased dry weight 

of shoot to 7.49 g and 11.01 g, respectively, with increases 

of 73.5% and 155.7% compared to UIC. Moreover, 

treatments with 1g Tv + MI and 2g Tv + MI demonstrated 

substantial growth, reaching 8.91 g and 11.93 g, 

respectively, representing increases of 106.7% and 177.4% 

compared to UIC. 

3.5 Root fresh weight  

Data showed that the pot with UUC had a fresh weight of 

root of 27.2 g, while the UIC showed reduced growth with 

a fresh weight of root of 9.3 g. Treatments with 10% FA+MI 

increased the fresh weight of root to 12.91 g, representing a 

38.6% increase compared to UIC. Treatments with 20% 

FA+MI resulted in a significant improvement to 20.01 g, 

marking a 115.1% increase. 30% FA+MI showed a 

moderate increase to 11.1 g. Treatments with 50g NC+ 

MIand 100g NC+ MI increased fresh weight of root to 15.01 

g and 25.9 g, respectively, with increases of 61.3% and 

178.5% compared to UIC. Moreover, treatments with 1g Tv 

+ MI and 2g Tv + MI demonstrated substantial growth, 

reaching 18.01 g and 26.13 g, respectively, representing 

increases of 93.5% and 181.3% compared to UIC. 

3.6 Root dry weight  

Results showed that pot with UUC had a dry weight of root 

of 4.39 g, while the UIC had a reduced dry weight of root 

of 1.91 g. 10% FA+MI resulted in a dry weight of root of 

2.35 g, representing a 23.6% increase compared to UIC. 

20% FA+MI showed a significant improvement to 3.36 g, 

marking a 75.4% increase. The treatment with 30% FA+MI 

showed a moderate increase to 2.01 g. Treatments with 50g 

NC+ MI and 100g NC+ MI increased dry weight of root to 

2.61 g and 3.99 g, respectively, with increases of 36.6% and 

109.4% compared to UIC. Moreover, treatments with 1g Tv 

+ MI and 2g Tv + MI demonstrated substantial growth, 

reaching 2.98 g and 4.21 g, respectively, represented 

increases of 56.0% and 120.9% compared to UIC.  

3.7 Root circumference 

Data showed that UCC had a root circumference of 6.98 cm, 

while the UIC had a significantly lower circumference of 

3.26 cm. Treatments with 10% FA+MI resulted in a root 

circumference of 3.99 cm, representing a 22.7% increase 

compared to UIC. At 20% FA+MI showed a substantial 

increase to 5.96 cm, marking an 82.2% increase. The 

treatment with 30% FA+MI resulted in a root circumference 

of 3.48 cm. Treatments with 50g NC + MI and 100g NC + 

MI increased the root circumference to 4.81 cm and 6.41 

cm, respectively, with increases of 47.2% and 96.6% 

compared to UIC. Additionally, treatments with 1g Tv + MI 

and 2g Tv + MI demonstrated significant growth, reaching 

5.21 cm and 6.81 cm, respectively, representing increases 

of 60.1% and 108.9% compared to UIC. 

3.8 Chlorophyll a 

Pot with UUC exhibited a chlorophyll a content of 2.158 

mg/g. In contrast, UIC showed a significantly lower content 

of 1.263 mg/g. Treatments with 10% FA+MI resulted in a 

chlorophyll a content of 1.595 mg/g, representing a 26.3% 

increase compared to UIC. At 20% FA+MI showed a 
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substantial increase to 1.913 mg/g, marked (+51.6%). 

Treatment with 30% FA+MI resulted in a chlorophyll a 

content of 1.363 mg/g. Treatments with 50g NC + MI and 

100g NC + MI increased the chlorophyll a content to 1.7 

mg/g and 2.04 mg/g, respectively, with increases of 34.5% 

and 61.5% compared to UIC. Additionally, treatments with 

1g Tv + MI and 2g Tv + MI demonstrated significant 

increases, reaching 1.809 mg/g and 2.113 mg/g, 

respectively, representing increases of 43.3% and 67.4% 

compared to UIC. 

3.9 Chlorophyll b 

Pot with UUC exhibited a chlorophyll-b content of 1.213 

mg/g. In contrast, the UIC showed a significantly lower 

content of 0.313 mg/g. Treatments with 10% FA+MI 

resulted in a chlorophyll b content of 0.695 mg/g, 

represented (+122.8%) compared to UIC. Treatment with 

20% FA+MI showed a substantial increase to 0.96 mg/g, 

marking a 206.1% increase. 30% FA+MI resulted in a 

chlorophyll b content of 0.516 mg/g. Treatments with 50g 

NC + MI and 100g NC + MI increased the chlorophyll b 

content to 0.74 mg/g (+136.3%) and 1.06 mg/g (+238.7%) 

compared to UIC. Additionally, treatments with 1g Tv + MI 

and 2g Tv + MI demonstrated significant increases, 

reaching 0.896 mg/g and 1.15 mg/g, respectively, 

representing increases of 186.6% and 267.8% compared to 

UIC. 

3.10 Total chlorophyll (a + b) 

Pot with UUC exhibited a total chlorophyll content of 3.371 

mg/g. In contrast, the UIC showed a significantly lower 

content of 1.576 mg/g. Treatments with 10% FA+MI 

resulted in total chlorophyll content of 2.29 mg/g, 

represented (+45.5%) compared to UIC. At 20% FA+MI 

showed a substantial increase (2.873 mg/g, +82.6%). At 

30% FA+MI resulted in total chlorophyll content of 1.879 

mg/g. Treatments with 50g NC + MI and 100g NC + MI 

increased the total chlorophyll content to 2.44 mg/g 

(+55.4%) and 3.1 mg/g (+97.5%), than UIC. Additionally, 

treatments with 1g Tv + MI and 2g Tv + MI demonstrated 

significant increased (2.705 mg/g and 3.263 mg/g) than 

UIC. 

3.11 Carotenoid content 

Pot with UUC showed a carotenoid content of 0.705 mg/g. 

In contrast, the UIC exhibited a significantly lower content 

of 0.17 mg/g. Treatments with 10% FA+MI resulted in a 

carotenoid content of 0.31 mg/g, represented (+82.4%) 

compared to UIC. Treatment with 20% FA+MI showed a 

substantial increase to 0.52 mg/g (+205.9%). At 30% 

FA+MI resulted in a carotenoid content of 0.27 mg/g. 

Treatments with 50g NC + MI and 100g NC + MI increased 

the carotenoid content to 0.39 mg/g and 0.63 mg/g, 

respectively, with increases of 129.4% and 270.6% 

compared to UIC. Additionally, treatments with 1g Tv + MI 

and 2g Tv + MI demonstrated significant increased (0.46 

mg/g, +170.6% and 0.69 mg/g +305.9%) than UIC.  

3.12 Disease ratings and plants infestation  

Pot with UUC showed no disease symptoms. In contrast, 

UIC exhibited severe disease symptoms. Treatments with 

10% FA+MI and 20% FA+MI resulted in moderately 

severe and mild disease symptoms, respectively. At 30% 

FA+MI resulted in very mild disease symptoms. Treatments 

with 50g NC + MI and 100g NC + MI showed mild and no 

disease symptoms, respectively. Additionally, treatments 

with 1g Tv + MI and 2g Tv + MI demonstrated very mild 

and no disease symptoms, respectively. 

3.13 Number of galls 

Pot with UUC showed no galls, indicated the absence of 

RKN infestation. In contrast, UIC exhibited a substantial 

infestation with 67 galls per plant. 10% FA+MI resulted in 

29 galls (-56.7%) than UIC. Similarly, 20% FA+MI and 

30% FA+MI showed further reductions with 17 galls (-

74.6% reduction) and 10 galls (85.1% reduction), 

respectively. 50g NC + MI and 100g NC + MI resulted in 

19 galls (71.6% reduction) and 5 galls (92.5% reduction), 

respectively.  

3.14 Number of egg masses 

Pot UUC exhibited no egg masses, confirming the absence 

of RKN infestation. In contrast, UIC showed 31 egg masses 

per plant, indicated a severe infestation with M. incognita. 

Treatments with bio-organic amendments demonstrated 

varying degrees of effectiveness in reduced egg mass 

formation. At 10% FA+MI resulted in 19 egg masses, 

represented (38.7%) reduction than UIC. Increased the 

concentration of 20% FA+MI further reduced the egg 

masses to 10 (67.7% reduction), and at 30% FA+MI, only 2 

egg masses were observed (93.5% reduction). 50g NC + MI 

showed 13 egg masses (58.1% reduction), while at 100g NC 

+ MI, there were no egg masses observed (100% reduction). 

Furthermore, treatments incorporating T. viride (1g Tv + MI 

and 2g Tv + MI) also showed significant reductions in egg 

masses compared to UIC, with 1 egg mass (96.8% 

reduction) for 1g Tv + MI and no egg masses observed 

(100% reduction) for 2g Tv + MI. 

3.15 Root-knot index (GI) and egg mass index (EMI) 

Pot with UUC showed a GI of 0 and an EMI of 0, 

indicated no infection by M. incognita. In contrast, UIC had 

a GI of 4 and an EMI of 4, indicated a severe infestation 

with significant gall formation and egg mass production. 

Treatment with 10% FA+MI resulted in a GI of 3 and an 

EMI of 3, represented a moderate reduction than UIC. 

Increased the concentration of 20% FA+MI resulted in a GI 

of 3 and an EMI of 2, indicated further improvement in 
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nematode suppression. At 30% FA+MI, the GI reduced to 2 

and the EMI to 1, showed even better control of nematode 

infestation. At 50g NC + MI showed a GI of 3 and an EMI 

of 3, demonstrated moderate effectiveness. Increased the 

neem cake (100g NC + MI) resulted in a GI of 2 and an EMI 

of 0, indicated significant suppression of nematode activity, 

with no observed egg masses. Treatments incorporating T. 

viride (T8 and T9) also showed promised results. 1g Tv + 

MI had a GI of 2 and an EMI of 1, while 2g Tv + MI showed 

a GI of 2 and an EMI of 0. These treatments effectively 

reduced both gall formation and egg mass production than 

UIC. 

 

IV. DISCUSSION 

4.1 Root length and shoot weight   

All treatments except 30% FA+MI significantly increased 

shoot and root length and fresh and dry weight compared to 

the untreated inoculated control (UIC). The most improved 

effects were observed with 2g Tv + MI, which substantially 

increased shoot and root growth parameters compared to 

UIC. Significant improvements were observed in growth 

performance, photosynthetic pigments, protein, proline, 

antioxidant activity, and mineral levels when 10% FA-

amended soil was used. On the other hand, all of the 

previously described metrics were adversely affected by the 

higher fly ash doses (25%) which caused oxidative stress by 

raising the levels of lipid peroxidation and electrolytic 

leakage [29]. Fungi, among tiny creatures, can colonize, 

trap, and diminish nematode populations. Some 

Trichoderma fungi have been demonstrated to control plant 

parasitic nematode populations while increased vegetable 

crop yields [30]. 

4.2 Root circumference 

Similar to root length, all treatments except 30% FA+MI 

increased root circumference compared to UIC. The most 

substantial increase was observed with 2g Tv + MI. Several 

Trichoderma species, including T. harzanium and T. viride, 

have been previously identified as promising bio-control 

agents against RKNs [31,32,33]. This finding suggests that 

Tv+N amendments are particularly effective in promoting 

overall root development, potentially by increasing root 

branching and diameter. 

4.3 Chlorophyll content  

The application of all treatments except 30% FA+MI 

significantly increased chlorophyll a, chlorophyll b, and 

total chlorophyll content compared to UIC.M. incognita 

considerably lowered plant growth performance, 

photosynthetic pigments, and beetroot yield when 

compared to control plants; however, 15% FA greatly 

reduced the detrimental effects of M. incognita. When 

compared to a control, confocal laser microscopy 

demonstrated that 15% FA in soil decreased nematode-

juvenile invasion in beetroot [34]. The highest increases 

were observed with 2g Tv + MI. Many secondary 

metabolites produced by Trichoderma spp., including 

flavonoids and phenols, provide resistance to biotic stress 

[35,36]. This indicated that these treatments, particularly Tv 

+ MI, play a role in enhanced chlorophyll biosynthesis, 

potentially leading to improved photosynthetic activity and 

plant growth. 

4.4 Carotenoid content 

All treatments except 30% FA+MI increased carotenoid 

content compared to UIC. The most significant increase was 

again observed with 2g Tv + MI. In comparison to the 

control, the photosynthetic pigments (carotenoid and 

chlorophyll) were considerably elevated at fly ash 

concentrations of 10%, 20%, and 30%. But both pigments 

gradually decreased at 40% and 50% fly ash levels [37]. 

Many of Trichoderma spp. effects are now established as 

BCA, including competition, antibiosis, resistance, plant 

tolerance to biotic and abiotic stressors, and activation of 

pathogen defenses [38]. Results suggested that these 

treatments may stimulate carotenoid production, which can 

play a role in photosynthesis and defense against stress. 

4.5 Disease ratings and plants infestation  

Disease symptoms were less severe in plants treated with 

amendments compared to UIC. Notably, both 

concentrations of Tv + MI completely suppressed disease 

symptoms. Trichoderma chemicals, including B-1,3-

glucanase, protease, chitinase, lipase, and other metabolites, 

may contribute to nematode parasitism [39,30,40]. This 

suggests that these treatments, particularly Tv + MI, may 

enhance plant defense mechanisms against pathogens. 

4.6 Number of galls 

All treatments significantly reduced the number of 

galls compared to UIC, indicating their effectiveness in 

suppressing RKN infestation. The most significant 

reduction was observed with 100g NC+MI and 2g Tv + MI. 

NC reduced root galls (96%) and gall index (62%), 

outperforming artificial nematicides. The maximum yield 

was found with the NC treatment. As a result, neem-based 

solutions, particularly NC, can be recommended for the 

environmentally friendly management of M. javanica in 

field peas [41]. Applying organic materials to the soil, such 

as oil cakes, plant extracts, and agricultural wastes, both in 

vitro and in vivo, is beneficial. Oil cakes made from 

botanical extracts destroy nematodes by preventing their 

juveniles from moving about in the soil and releasing 

secondary metabolites [42]. These findings suggest that 

both neem cake (NC) and T. viride amendments have 
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nematicidal properties and can be used as control strategies 

against RKN. 

4.7 Number of egg masses 

Similar to gall formation, all treatments except 10% FA+MI 

significantly reduced the number of egg masses compared 

to UIC. The most effective treatments were 100g NC+MI 

and 2g Tv + MI, which completely suppressed egg mass 

production. The number of egg masses and eggs per egg 

mass on tomato roots were dramatically reduced after 

applying the neem cake to the soil for protection and cure 

[43]. Bio-carbon compounds generated from oil cakes have 

been investigated and used to control nematodes. Oilseed 

cakes regulate nematodes in vegetables, cereals, and fruit 

crops [44]. This indicates that these amendments can 

effectively disrupt the RKN life cycle by reducing egg-

laying by females. 

4.8 Root-knot index (GI) and egg mass index (EMI) 

The root-knot index (GI) and egg mass index (EMI) 

reflected the overall severity of RKN infestation. All 

treatments except 10% FA+MI significantly reduced both 

GI and EMI compared to UIC. The most effective 

treatments were 100g NC+MI and 2g Tv + MI, achieving 

the lowest GI and EMI values for RKN infestation. 

Botanical extracts and oil cakes can kill nematodes by 

producing secondary metabolites and limiting juvenile 

mobility in the [42]. Soil application of T. viride in 

conjunction with neem cake at varying doses was found to 

be more effective against M. incognita, with increased plant 

growth parameters and a decrease in root-knot nematode 

population in soil than other treatments [45]. Fly ash 

concentrations significantly and dose-dependently 

decreased the gal index, egg mass index, and reproduction 

factor of M. incognita. Therefore, at the right dosages, fly 

ash suppresses root-knot nematodes while simultaneously 

promoting plant development and yield [46]. These findings 

show us the effectiveness of these treatments in controlling 

RKN. 

 

V. CONCLUSION 

This study explored the efficacy of various bio-organic 

amendments in enhancing plant growth and suppressing 

nematode infestation. Results demonstrated significant 

improvements in multiple growth parameters and 

physiological traits of papaya plant treated with fly ash 

(FA), neem cake (NC), and Trichoderma viride (Tv) 

inoculated with 2000 juveniles of Meloidogyne incognita 

(MI). Shoot and root lengths, fresh and dry weights, and 

chlorophyll content were notably enhanced compared to 

untreated inoculated controls (UIC). The highest shoot 

length of 55 cm and root length of 48 cm were observed in 

the untreated uninoculated control (UUC), indicated the 

potential growth under optimal conditions. Treatments with 

100g NC + MI and 2g Tv + MI showed substantial increases 

in shoot and root lengths, with improvements of up to 68.8% 

and 261.5%, respectively, compared to UIC. 

Chlorophyll-a and chlorophyll-b contents also increased 

significantly in treated plants, with concentrations peaked at 

2.113 mg/g and 1.15 mg/g, respectively, in the 2g Tv + MI 

treatment. Total chlorophyll content reached 3.1 mg/g in 

plants treated with 100g NC + MI, indicated robust 

physiological activity and photosynthetic efficiency. These 

enhancements highlight the role of bio-organic amendments 

in promoting plant health and vigor. Importantly, bio-

organic treatments exhibited strong nematode suppression 

effects. Plants treated with 100g NC + MI and 2g Tv + MI 

showed no egg masses and reduced root-knot indices (GI), 

demonstrating effective control of nematode infestation. 

This suggests that bio-organic amendments not only support 

plant growth but also contribute to sustainable pest 

management strategies in agriculture. Overall, utilize bio-

organic amendments, particularly neem cake and T. viride, 

to enhance plant growth and suppress nematode infestation 

effectively. Optimize application rates and assess long-term 

impacts on soil health and crop productivity for sustainable 

agricultural practices. 
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Abstract— The domestic usage of fuelwood as the primary energy source has created considerable 

deforestation in North East India. The extraction of most fuel wood from wood is one of the principal causes 

of disturbance to the native forest flora of north east India. In this study, scientific journals, edited books, 

and other scientific databases were studied to examine fuelwood consumption trends in the North East India. 

A total of 162 plant species from 53 families were utilized as fuel by the natives of the region of seven sister 

states, along with Sikkim, according to a review of the relevant literature. Depending on their local 

availability, different plant species have been used as fuels in diverse locations. Schima wallichi, A. procera, 

and Toona ciliata were the most profound species reported in scientific literature. The FVI ranges from 

22678 to 2.43 in the listed species. The accumulated data on fuelwood consumption patterns and fuelwood 

species utilized in the NEH could serve as a baseline for future studies and policy formulation, thus aiding 

in conserving the region's forest resources. 

Keywords— Calorific value, fuelwood, Fuel-Value Index, socio-economic, sustainable energy. 

 

I. INTRODUCTION 

One of the main factors contributing to the degradation of 
forests in many developing nations is fuelwood. In India, 
fuelwood is the cheapest and most accessible source for 
most of the population, especially those living in rural areas 
(Dayanand & Olivia E. Atherton1, Jennifer L. Tackett2, 
Emilio Ferrer1, 2018; Hussain et al., 2017; Sharma & Dash, 
2022). The primary energy source in all Indian hilly 
settlements is fuelwood. In India, 49% of households use 
fuelwood as their primary fuel for cooking (Khanwilkar et 
al. 2021). In developing countries, including India, 
fuelwood is the primary and most important source of 
traditional domestic energy used for cooking, heating, and 
other purposes (Akpalu et al., 2011; Foundation, 2010; 
Singh et al., 2021). The demand for fuelwood has grown 
much faster than its supply. The North Eastern Himalayan 
(NEH) tribal regions experience a similar situation, clearly 
related to the loss of forest cover. In the North Eastern 
Himalayan (NEH)   region, biomass is a major energy 
source used by almost 90% of the tribal population. 
However, the region's ecosystem has deteriorated 

significantly due to changing agriculture combined with 
excessive deforestation or the harvest of timber and fuel. In 
the north eastern zone of India, a huge amount, almost 3-4 
fold higher fuelwood consumption rate, is used compared to 
other parts of the country. In the North Eastern Himalayan 
region, the demand for fuelwood is more than 228 million 
tons, with a substantial supply of 128 million tons (Iiyama 
et al., 2014; Saxena et al., 2016). There is a huge gap 
between the demand and supply of fuelwood, which leads 
to pressure on existing forests to overcome the scarcity of 
this huge demand. Based on satellite images and official 
estimates, the north eastern region has 163,799 sq km of 
forest, constituting approximately 64% of the total area 
(Ghilardi et al., 2009). Most (approximately 80%) of the 
North Eastern Himalayan (NEH) population lives in rural 
areas. The tribal of the NEH region relies heavily on forest 
resources for subsistence, and 90% of the region's 
population uses biomass as an important energy source 
(Khuman et al., 2011). Mass afforestation using suitable 
firewood tree species is required to meet the rising demand 
for fuelwood. Extensive farming of firewood could be the 
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only alternative to bridge the gap between demand and 
supply (Campos et al., 2019; Tewari et al., 2003).  

Farming farmers should prefer species with good calorific 
value, Fuelwood Value Index (FVI), and native species 
(Deka et al., 2007; Ojelel et al., 2015). Thus, the place's 
ecosystem remains balanced, and demand can be fulfilled. 
For this purpose, we need to compile existing information 
(availability, Fuel Value Index, species) on fuelwood 
resources utilized in India's north eastern region for 
policymaking to achieve sustainable development (Bhatt & 
Sachan, 2004; Negi et al., 2018). The present study was 
undertaken to review studies conducted on fuelwood 
consumption in different NEH region villages and to 
compile a comprehensive list of plant species used as fuel 
by the region's local people. 

Study area 

The North Eastern Himalayan region comprises the states 
of Manipur, Meghalaya, Nagaland, Sikkim, Tripura, 
Arunachal Pradesh, and Mizoram (Seven Sisters) (between 
21.50 °N and 29.50 °N latitude and 85.5o-97.5oE longitude). 
It represents a distinct agro-climatic area in India. The hilly 
states of the region have a total geographical area of 
183,741 km2 (5.589% of India) and are populated by 
12.41m people (1.13% of the country). An undulating 
topography and wide variations in altitude, rainfall, 
temperature, and soil conditions characterize the NEH 
region. The climate is typically monsoonal, with 
approximately 85% of the annual precipitation occurring 
during the rainy season. The average maximum temperature 
during the rainy season is 30 °C, and the average minimum 
temperature is 14 °C, with a maximum and minimum of 20 
°C and 8 °C, respectively, during winter.  

 

II. MATERIALS AND METHODS 

The literature on fuelwood consumption in various villages 
of the NEH available in scientific journals, edited books, 
and other scientific databases was searched. Only field-
based surveys carried out in the NEH region that reported 
first-hand information on fuelwood consumption in 
different villages were included in this study. Confusing or 
erroneous data, where information on fuelwood 

consumption was unclear, were omitted from the analysis. 
An exhaustive list of plants used as fuel was compiled. 

 

III. RESULTS 

A detailed list of plant species reported to be used as 
fuelwood in NEH, India, along with their botanical name 
and calorific value of the respective species (KJg31 dry 
weight), is given in (Table 1). A total of 162 plant species 
belonging to 53 families were used as fuelwood in NEH 
villages. Based on scientific literature citations, the most 
preferred fuelwood species used in the NEH were Schima 

wallichi and  Albizia procera, cited in five studies. This was 
followed by Toona ciliata, which were mentioned in three 
studies. As reported in two studies, other preferred species 
were Cassia siamea, Terminalia myriocarpa, and Pinus 
kesiya. Fabaceae family species dominate 16.67%, 
followed by Theaceae and Meliaceae at 4.84% in this study. 
Different authors calculated the Fuel Value Index (FVI), 
obtained the highest value of 22,678 in Rhododendron 
arboretum and the lowest value of 2.43 in Bombax ceiba.  

 

IV. DISCUSSION 

The sustainable use of forests and associated resources is a 
complicated topic that encompasses social needs, ethical 
and cultural values, and the socio-economic situations of 
forest-dependent people (Plieninger et al., 2023; Purvis et 
al., 2019). The dependence on forests for fuelwood results 
in catastrophic deforestation throughout the Indian 
continent (Chakraborty et al., 2018; Ghanbari & Kern, 
2021). In the developing world, biomass is the predominant 
energy source for residential consumption (Benti et al., 
2021). Utilization of fuelwood is widespread in rural areas 
of the developing world, particularly in areas where these 
fuels are locally accessible (Ghazoul & Evans, 2004). 
Communities use fuelwood for numerous uses, mostly 
firewood and house construction, resulting in overuse and 
increased deforestation. In India, 49% of households use 
fuelwood as the primary fuel for cooking (Nagothu, 2001). 
Sudha et al. (2003) estimated that 11.28 million individuals 
collect firewood in India. 
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Fig 1: Graphical representation of Species Percentage 

 

The International Energy Agency observed in its 2006 
World Energy Outlook Report that Indian households 
favored using wood burners to bake traditional bread. 
(Kumar et al., 2020). Due to the reduction in forest cover, 
unsustainable firewood harvesting has considerably 
contributed to biodiversity loss and soil erosion (Damette & 
Delacote, 2011).  

Several factors, including household size, education, 
lifestyle, ethnicity, geographic location, climatic condition, 
subsidies, energy supply factors, price, availability, and 
accessibility, influence fuel selection in the villages of the 
North Eastern Himalayan region (Narasimha Rao & Reddy, 
2007; Zou & Luo, 2019).  

Table 1: Plant species used as fuelwood in the Northeastern Himalayan Region, India. 

S.No Name of the Species Family FVI References 

1 Acacia auriculiformis Fabaceae. 1851 Kataki and Konwer(2002) 

2 Acacia nilotica Fabaceae 2089 Kataki and Konwer(2002) 

3 Acer oblongum Sapindaceae 5403, n.a 
Chettri and Sharma(2008), 
Bhatt and Sachan(2004) 

4 Acrocarpus fraxinifolius Fabaceae 306 Sahoo et.al(2014) 

5 Actephila excelsa Phyllanthaceae 370 Kataki and Konwer(2002) 

6 Adina cordifolia Rubiaceae 529 Sahoo et.al(2014) 
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7 Adina polycephala Rubiaceae 554 Kataki and Konwer(2002) 

8 Aesculus assamicus Sapindaceae 1008, n.a 
Kataki and Konwer(2002), 
Bhatt and Sachan(2004) 

9 Albizia chinensis Fabaceae 242 Sahoo et.al(2014) 

10 Albizia lebbeck Fabaceae 1329 Kataki and Konwer(2002) 

11 Albizia odoratissima  Verbenacece 475.99 Sedai et.al(2016) 

12 Albizia procera Fabaceae 532, 16.588, 1793,291.6 

Sahoo et.al(2014), Taran 
et.al(2016), Sahoo 
et.al(2014), Taran et.al(2016), 
Kataki and Konwer(2002), 
Rai et.al(2002) 

13 Albizia thomsoni  Leguminosae 867 Sahoo et.al(2014) 

14 Albizzia chinensis Fabaceae. 477 Kataki and Konwer(2002) 

15 Alnus nepalensis Betulaceae 692, 780 
Chettri and Sharma(2008), 
Kataki and Konwer(2002) 

16 Andromeda elliptica Ericaceae 3933.8 Rai et.al(2002) 

17 Anogeissus acuminata Combretaceae 1370,7.41 
Sahoo et.al(2014), Taran 
et.al(2016) 

18 Aralia aramata  Araliaceae n.a Lynser et.al(2020) 

19 Artocarpus integrifolia Moraceae n.a Bhatt and Sachan(2004) 

20 Bahunia Variegata Caesalpiniaceae 9.882 Taran et.al(2016) 

21 Bambusa balcooa Poaceae n.a Bhatt and Sachan(2004) 

22 Bambusa cacharensis Poaceae n.a Bhatt and Sachan(2004) 

23 Bambusa nutans Proteaceae n.a Bhatt and Sachan(2004) 

24 Bambusa pallida Poaceae n.a Bhatt and Sachan(2004) 

25 Bauhinia variegate  Theaceae 2074.62 Sedai et.al(2016) 

26 Beilschmiedia sikkimensis Lauraceae 8935 Chettri and Sharma(2008) 

27 Betula alnoides Betulaceae 48,14 Chettri and Sharma(2008) 

28 Betula spp Betulaceae n.a Bhatt and Sachan(2004) 

29 Bischofia javanica Phyllanthaceae 272 Sahoo et.al(2014) 

30 Bombax ceiba  Malvaceae 2.436 Taran et.al(2016) 

31 Bridelia retusa  Sapotaceae 2162.7 Sedai et.al(2016) 

32 Callicarpa arborea  Verbenaceae 580 Sahoo et.al(2014) 

33 Camellia sp. Theaceae n.a Lynser et.al(2020) 

34 Careya arborea  Lecythidaceae 7.24 Taran et.al(2016) 

35 Cassia fistula  Caesalpiniaceae 8.347 Taran et.al(2016) 

36 Cassia siamea Caesalpiniaceae 1062, 10.03 
Kataki and Konwer(2002), 
Taran et.al(2016) 

37 Castanopsis hystrix Fagaceae 9080 Chettri and Sharma(2008) 

38 Castanopsis indica  Primulaceae 1705.64 Sedai et.al(2016) 

39 Castanopsis tribuloides Fagaceae 726, 1469.1 
Sahoo et.al(2014), Rai 
et.al(2002) 

40 Catanopsis sp. Fagaceae n.a Lynser et.al(2020) 

41 Cedrela serrata Royle. Meliaceae 1050 Kataki and Konwer(2002) 
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42 Celtis australis  Phyllanthaceae 1241.58 Sedai et.al(2016) 

43 Chuckrasia tabularis Meliaceae n.a Bhatt and Sachan(2004) 

44 Cinnamomum impressinerium Lauraceae 982.8 Rai et.al(2002) 

45 Cryptomeria japonica Cupressaceae n.a Bhatt and Sachan(2004) 

46 Dendrocalamus hamiltonii Poaceae n.a Bhatt and Sachan(2004) 

47 Dendrocalamus sp. Poaceae _ Rai et.al(2002) 

48 Derris robusta Fabaceae 691 Sahoo et.al(2014) 

49 Dillenia pentagyna  Dilleniaceae 4.576 Taran et.al(2016) 

50 Dipterocarpus macrocarpus Dipterocarpaceae n.a Bhatt and Sachan(2004) 

51 Drypetes lancifolia Putranjivaceae _ Rai et.al(2002) 

52 Duabanga indica Lythraceae n.a Bhatt and Sachan(2004) 

53 Dysoxylum binectariferum  Myrtaceae 1331.21 Sedai et.al(2016) 

54 Dysoxylum procerum Meliaceae 10.952, 2493.49 
Taran et.al(2016), Sedai 
et.al(2016) 

55 Elaeagnus umbellata Elaeagnaceae 1082 Kataki and Konwer(2002) 

56 Elaeocarpus lanceifolius Elaeocarpaceae 390 Sahoo et.al(2014) 

57 Elaeocarpus sp. Elaeocarpaceae n.a Lynser et.al(2020) 

58 Engelhardtia sp. Juglandaceae _ Rai et.al(2002) 

59 Engelhertia spicata  Juglandaceae n.a Lynser et.al(2020) 

60 Eurya acuminata Theaceae 3600,n.a 
Chettri and Sharma(2008), 
Lynser et.al(2020) 

61 Exbucklandia populnea  Hamamelidaceae n.a Lynser et.al(2020) 

62 Ficus hispida  Moraceae 3.203 Taran et.al(2016) 

63 Ficus semicordata Moraceae 291 Sahoo et.al(2014) 

64 Garcinia paniculata Clusiaceae  n.a Bhatt and Sachan(2004) 

65 Garcinia pedunculata Clusiaceae n.a Bhatt and Sachan(2004) 

66 Garcinia sp. Clusiaceae n.a Lynser et.al(2020) 

67 Gmelina arborea  Lamiaceae 10.868 Taran et.al(2016) 

68 Grevillea robusta Proteaceae 742 Kataki and Konwer(2002) 

69 Helicia nilagirica  Proteaceae n.a Lynser et.al(2020) 

70 Holarrhena antidysenterica  Apocynaceae 3.962 Taran et.al(2016) 

71 Jambosa sp. Myrtaceae _ Rai et.al(2002) 

72 Juglandaceae Juglandaceae 1358.6 Rai et.al(2002) 

73 Kydia calcyna  Meliaceae 4091.38 Sedai et.al(2016) 

74 Lagerstroemia citrata Lythraceae n.a Bhatt and Sachan(2004) 

75 Lagerstroemia parviflora  Lythraceae 448 Kataki and Konwer(2002) 

76 Lagerstroemia speciosa Lythraceae n.a Bhatt and Sachan(2004) 

77 Lantana camara Verbenaceae 516 Kataki and Konwer(2002) 

78 Leucosceptrum canum Lamiaceae 1027.8 Rai et.al(2002) 

79 Lithocarpus sp. Fagaceae n.a Lynser et.al(2020) 

80 Litsea elongata Lauraceae 448 Chettri and Sharma(2008) 
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81 Litsea polyantha Lauraceae 369, 926.03 
Kataki and Konwer(2002), 
Sedai et.al(2016) 

83 Macaranga denticulata Euphorbiaceae n.a Bhatt and Sachan(2004) 

84 Macaranga indica Euphorbiaceae 515 Sahoo et.al(2014) 

85 Macaranga pustulata Euphorbiaceae 672.6, 802.7 
Rai et.al(2002), Sedai 
et.al(2016) 

86 Macropanax dispermus Araliaceae 220 Sahoo et.al(2014) 

87 Maesa chisia Primulaceae 429.9 Rai et.al(2002) 

88 Magnoli hodgsonii  Magnoliaceae 1803.23 Sedai et.al(2016) 

89 Mallotus phillipensis  Lamiaceae 1931.09 Sedai et.al(2016) 

90 Melastoma malabathricum  Melastomataceae 6.498 Taran et.al(2016) 

91 Melia azedarach Meliaceae 968 Kataki and Konwer(2002) 

92 Melocanna baccifera Poaceae n.a Bhatt and Sachan(2004) 

93 Mesua ferrea  Clusiaceae 1244 Sahoo et.al(2014) 

94 Michelia champaca Magnoliaceae n.a Bhatt and Sachan(2004) 

95 Momosops elengi  Fagaceae 819.56 Sedai et.al(2016) 

96 Moraxella oblonga Moraxellaceae n.a Bhatt and Sachan(2004) 

97 Myrica esculenta  Myricaceae 801 Sahoo et.al(2014) 

98 Myrica sp. Myricaceae n.a Lynser et.al(2020) 

99 Myrsine semiserrata  Fabaceae 1723.68 Sedai et.al(2016) 

100 Oroxylum indicum  Bignoniaceae 4.392 Taran et.al(2016) 

101 Persea sp. Lauraceae n.a Lynser et.al(2020) 

102 Photinia sp. Rosaceae n.a Lynser et.al(2020) 

103 Phyllocharis undulata Chrysomelidae n.a Bhatt and Sachan(2004) 

104 Pinus kesiya Pinaceae n.a, 1308 
Lynser et.al(2020), Kataki 
and Konwer(2002) 

105 Pinus wallichiana Pinaceae 560 Kataki and Konwer(2002) 

106 Premna integrifolia  Fabaceae 274.01 Sedai et.al(2016) 

107 Prunus cerasoides Rosaceae     

108 Prunus nepalensis Rosaceae 9046 Chettri and Sharma(2008) 

109 Pterospermum acerifolium  Euphorbiaceae 2347.87 Sedai et.al(2016) 

110 Quercus delbata Fagaceae 661 Kataki and Konwer(2002) 

111 Quercus floribunda Fagaceae 895 Sahoo et.al(2014) 

112 Quercus glauca Fagaceae 725 Kataki and Konwer(2002) 

113 Quercus helferiana Fagaceae 1110 Sahoo et.al(2014) 

114 Quercus lamellosa Fagaceae 16431, 3860.7 
Chettri and Sharma(2008), 
Rai et.al(2002) 

115 Quercus lineata Fagaceae 10,59,63,539.60 
Chettri and 
Sharma(2008),Rai et.al(2002) 

116 Quercus pachyphylla Fagaceae 1361, 1210 
Sahoo et.al(2014), Sahoo 
et.al(2014) 

117 Quercus semicaprifolia Fagaceae 748 Kataki and Konwer(2002) 

118 Quercus serrate  Fagaceae 1077 Sahoo et.al(2014) 
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119 Quercus sp. Fagaceae n.a Lynser et.al(2020) 

120 Quercus xylocarpa Fagaceae 1193 Sahoo et.al(2014) 

121 Rhododendron arboreum Ericaceae 22,678 Chettri and Sharma(2008) 

122 Rhododendron barbatum Ericaceae 9855 Chettri and Sharma(2008) 

123 Rhododendron falconeri Ericaceae 10,241 Chettri and Sharma(2008) 

124 Rhus javanica  Anacardiaceae n.a Lynser et.al(2020) 

125 Rhus parviflora Anacardiaceae 370 Kataki and Konwer(2002) 

126 Rhus semialata Anacardiaceae 693.1 Rai et.al(2002) 

127 Rhus succedanea Anacardiaceae 594.8 Rai et.al(2002) 

128 Salix tetrasperma Salicaceae 687 Kataki and Konwer(2002) 

129 Sapindus laurifolius Sapindaceae 388 Kataki and Konwer(2002) 

130 Sapindus mukorossi Sapindaceae 801 Kataki and Konwer(2002) 

131 Schima khasiana Theaceae n.a Bhatt and Sachan(2004) 

132 Schima wallichi Theaceae 889.6, 694.81, 928,n.a,11365 

Rai et.al(2002), Sedai 
et.al(2016), Sahoo 
et.al(2014),Lynser 
et.al(2020),Chettri and 
Sharma(2008) 

133 Shorea assamica Dipterocarpaceae  n.a Bhatt and Sachan(2004) 

134 Shorea robusta  Dipterocarpaceae 1027 Kataki and Konwer(2002) 

135 Simingtonia populnea Hamamelidaceae n.a Bhatt and Sachan(2004) 

136 Sterculia villosa  Malvaceae 2.75 Taran et.al(2016) 

137 Stereospermum personatum  Bignoniaceae 769 Sahoo et.al(2014) 

138 Styrax serrulatum  Styracaceae 497 Sahoo et.al(2014) 

139 Symplocos crataegioides Symplocaceae 473 Kataki and Konwer(2002) 

140 Symplocos ramosissima Symplocaceae 1033 Chettri and Sharma(2008) 

141 Symplocos sp. Symplocaceae n.a Lynser et.al(2020) 

142 Symplocos theifolia Symplocaceae 713.4 Rai et.al(2002) 

143 Syzygium cerasoids  Combretaceae 851.42 Sedai et.al(2016) 

144 Syzygium cumini  Myrtaceae 9.083 Taran et.al(2016) 

145 Syzygium tetragonum  Myrtaceae n.a Lynser et.al(2020) 

146 Tectona grandis  Lamiaceae 12.353 Taran et.al(2016) 

147 Terminalia arjuna Combretaceae 714 Kataki and Konwer(2002) 

148 Terminalia bellerica Combretaceae 460 Kataki and Konwer(2002) 

149 Terminalia chebula Combretaceae 602 Kataki and Konwer(2002) 

150 Terminalia myriocarpa Combretaceae n.a, 1801.73 
Bhatt and 
Sachan(2004),Sedai 
et.al(2016) 

151 Terminalia tomentosa Combretaceae 433 Kataki and Konwer(2002) 

152 Tetrameles nudiflora Tetramelaceae 218 Sahoo et.al(2014) 

153 Toona ciliata Meliaceae 445, 8.158,343 
Kataki and Konwer(2002), 
Taran et.al(2016),Sahoo 
et.al(2014) 

154 Trema orientalis  Cannabaceae 2.729 Taran et.al(2016) 
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155 Trewia nudiflora  Euphorbiaceae 12.456 Taran et.al(2016) 

156 Viburnum contifolium Adoxaceae 991 Kataki and Konwer(2002) 

157 Viburnum sp. Adoxaceae _ Rai et.al(2002) 

158 Vitex altissima Lamiaceae 2270.83 Sedai et.al(2016) 

159 Vitex peduncularis Lamiaceae 1276, 10.666 
Sahoo et.al(2014),Taran 
et.al(2016) 

160 Wendlandia grandis Rubiaceae 877 Sahoo et.al(2014) 

161 Wendlandia wallichii  Rubiaceae n.a Lynser et.al(2020) 

162 Wightia speciosissima Paulowniaceae 358 Sahoo et.al(2014) 

Tribal reliance on wood for fuelwood as a key source of 
energy is generating severe deforestation in North Eastern 
Himalayan (Bhatt & Sachan, 2004; Bhatt & Tomar, 2002), 
which subsequently creates desertification in many parts of 
Meghalaya. Many people in north eastern India utilize 
fuelwood despite having access to alternative energy 
sources (Mottaleb & Rahut, 2021; Tofu et al., 2022). The 
average fuelwood consumption in NEH is 4.90 to 8.41 
kg/capita/day, which is higher than previously reported 
values for other parts of Asia, such as 1.932.2 kg/capita/day 
for Southern India, 1.732.5 kg/capita/day for South and 
South-East Asian countries, 1.23 kg/capita/day for the 
Himalayan range of Nepal (Fox, 1984; Ives, 2004; 
Maikhuri, 1991). 

Based on these tribal societies' fuelwood use patterns, 
deforestation must be carefully considered. It is vital to 
emphasize that if the current trends in fuelwood use in this 
region continue, there will be a shortage. Therefore, an 
urgent need is to educate indigenous tribes about preserving 
existing woods. Numerous studies have established a strong 
positive link between income and the amount of energy 
used (Angelsen et al., 2014; Chu & Karr, 2017; Coman et 
al., 2020). Many middle-income families in the region have 
access to LPG, but traditional chulha (wood burners) using 
fuelwood are still widely used for cooking. In addition, the 
remote areas of north eastern India have prevented many 
families from converting to modern fuels because of the 
distribution infrastructure. A literature review found that 
only a few studies have been undertaken on patterns of 
fuelwood consumption in North eastern India, and the 
majority were limited to small regions. Different 
approaches were utilized in further research to determine 
the pattern of per capita fuelwood usage. There is a need to 
record many aspects of fuelwood usage patterns in North 
Eastern India to formulate applicable laws. The data from 
the present study on fuelwood consumption patterns in 
North eastern India could be used to design and implement 
relevant technologies and management policies for the 
sustainable use of forest resources in this region. 

 

V. CONCLUSION 

People in the NEH have long relied on fuelwood as their 
primary energy source, which has resulted in significant 
deforestation across the state. On underutilized, 
deteriorated, and forested lands, it is imperative to construct 
large-scale energy plantations to avoid this catastrophe. 
However, when selecting tree species for energy 
plantations, special consideration should be given to 
Indigenous tree species traditionally favored for fuel by 
rural residents in the region. The fuel value index (FVI) is 
an essential screening criterion for acceptable fuelwood 
species. There is an urgent need for activities encouraging 
the conservation and sustainable use of imperiled forests in 
Northeast India. This paper outlines the tangible steps 
communities may take to better protect and manage 
impervious ecosystems. The woodlands in this region are 
renowned worldwide because of their rich biodiversity. The 
area is home to various cultural groups and has a staggering 
geographical variety. 
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Abstract— Carrot (Daucus carota L.) is a crucial horticultural crop globally, valued for its nutritional 

benefits and economic significance. However, it faces substantial challenges from plant-parasitic 

nematodes, particularly Meloidogyne incognita, which significantly impact yield and quality. In this study, 

we examined the effect of Meloidogyne incognita (MI) infected carrot plants, that were treated separately 

with Ocimum santum leaves extract, Nickel sulphate salts and Nickel oxide nanoparticles (NiO-NPs) at 

different concentration (10, 50, 250, 500, 750 & 1000 ppm) as a pot set experiment. The result focused on 

the plant physiological, growth and nematode related parameters of MI inoculated plants that were treated 

with 1000 ppm verses the controlled untreated one. It shows significant plant growth in shoot length 

increased by 35.47%, root length by 266.4%, shoot fresh weight by 724%, root fresh weight by 631.2%, 

shoot dry weight by 819%, and root dry weight by 560.1% and the Physiological parameters shows 

improvement in total chlorophyll content 115% and carotenoid content decreased by 61.26% compared to 

the untreated control. Substantial reduction in the activity of nematode population per soil, gall formation 

and eggs per egg mass indicates promising applications of green-synthesized NiO NPs at 1000 ppm as 

sustainable agents for managing nematode infestations in carrot cultivation, there by contributing to 

enhanced crop productivity and sustainability in agriculture. 

Keywords— Biosynthesized nanoparticles, Meloidogyne incognita, Plant Parasitic Nematodes, Scanning 

Electron Microscopy 

 
I. INTRODUCTION 

Carrot (Daucus carota L.), a member of the Apiaceae 

family, is known for its aromatic qualities, ornamental 

uses, and applications in herbal medicine. Approximately 

20 species in the Daucus genus are distributed globally, 

the majority of subspecies are found in the western 

Mediterranean region.  Accoding to Food and Agricultural 

Organization (FAO) Turnips and carrots global output 

reached 40.24 Mt from 1082967 ha in 2020 and 

approximately 41.67 Mt from 1096007 ha in 2021 (FAO 

STAT, hħps://www.fao.org/faostat/en/#data/QCL). China 
presently holds top position in the world for both carrot 

production and consumption, which represents about 45% 

of the worldwide market. The US, Ukraine, Uzbekistan, 

and Russia are the next in order. Carrots are grown on 

97,000 hectares of land in India, producing 1648,000 

million tonnes year [1] (Figure 1). Carrot requires cool to 

moderate temperature and typically have flowers with 
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flattened umbels and compound leaves.  [2]. As a tap root 

vegetable it has good storage ability possess various health 

benefits because of their rich in minerals, dietary fiber, 

vitamins, carotenoids, carbohydrates and antioxidant. Due 

to β-carotene carrot gets the characteristic orange colour 

which act as the precursor of Vitamin A. It has the 

potential to resist the cardiovascular diseases and cancers 

[3, 4]. Carrots get affected by microorganisms like 

bacteria, fungi and nematodes and cause major diseases 

like Alternaria leaf blight by Alternaria dauci, Cercospora 

carotae, and X. hortorum pv. carotae [5,6,7]. Plant 

parasitic nematode (PPN) cause losses in 40 key crops of 

12.3% every year on average; the losses are higher in 

developing countries (14.6%) than in developed countries 

(8.8%). The yearly economic crop output losses resulting 

from plant-parasitic nematodes in main crops have been 

estimated to be USD 173 billion based on this survey 

conducted globally [8, 9]. Many nematode species cause 

significant yield losses annually in agricultural crops, 

particularly genera such as Meloidogyne and Heterodera, 

which are economically impactful due to their sedentary 

endoparasitic nature. Carrots are severely affected by 

Meloidogyne incognita, and managing this nematode with 

pesticides or nematicides is challenging due to their 

environmental damage. 
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Fig.1: Carrot production states in India 2023-24, based on area (in hectare), production volume (in million metric tons) and 

yield (Source: https://www.indiastat.com/table/template/agriculture/selected-state-wise-area-production-yield-carrot-

i/1455678) 

 

Over the decades the use of biosynthesized nanoparticles 

in sustainable farming has garnered significant attention 

[10]. These nanoparticles are typically spherical and 

polymeric, with sizes ranging from 10 to 100 nm and their 

properties are determined by their shape, dimensions, 

structure, and crystallinity [11]. NPs have been used to 

control nematodes because of large surface areas, which 

enhance their affinity for the target organism, such as M. 

incognita the RKN nematode [12]. Biological methods for 

synthesizing nanoparticles, such as those using plants, 

fungi, and bacteria, are gaining interest due to their eco-

friendly nature and avoidance of toxic by-products. 

Among these, plant-based approaches are particularly 

advantageous for nanoparticle synthesis as they involve 

protocols free from harmful chemicals [13]. Tauseef et al., 

2021 [14] reported that the use of magnesium oxide 

nanoparticles on Meloidogyne infected cowpea reduced 

nematode fecundity and the number of galls formed. When 

tomato plants were treated with biosynthesized silver NPs 

enhanced the growth parameters with notably reduction in 

gall formations, Number of eggs per egg mass and egg 

mass on the roots.  

A study by Fabiyi et al., (2024) [15] demonstrates that 

biosynthesized nanoparticles show promising efficacy in 

controlling root-knot nematodes, specifically in reducing 

egg masses, gall index, and population of Meloidogyne 

incognita in cabbage fields, against the standard 

nematicide carbofuran. This all approach is advantageous 

due to the nanoparticles are available easily, capability for 

bulk preparation and handling, as well as their wide range 

of metabolites that contribute to their effectiveness [16]. 

However, there is a lack of study in research focusing on 

the biosynthesis and application of Nickel Oxide 

https://dx.doi.org/10.22161/ijeab.95.4
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nanoparticles (NiONPs) for controlling root-knot 

nematodes in carrot cultivation. 

This study aims to address this research gap by 

biosynthesizing NiONPs from Ocimum sanctum leaves 

extract and characterizing the green-synthesized NiONPs. 

Furthermore, the study investigates the nematicidal 

activity of these NiONPs against M. incognita affecting 

Daucus carota L., with the primary objectives being: (a) 

biosynthesis of Nickel Oxide nanoparticles, (b) 

characterization of biosynthesized Nickel Oxide 

nanoparticles, and (c) evaluation of the nematicidal 

activity of NiONPs against M. incognita infecting carrots. 

 

II. MATERIALS AND METHODS 

2.1 Preparing and sterilising the mixture of soil 

Sandy loam soil was collected from the Department of 

Botany at Aligarh Muslim University (27°52' N and 78°05' 

E), UP, India and passed through a 20-mesh size sieve. 

The soil was mixed with organic manure and river sand in 

3:1:1 (v/v) ratio, and 9-inch diameter clay pots were filled 

with 2 kg of this mixture. The soil was pre-wet with 250 

ml of water and then sterilized in an autoclave at 121°C 

under 20 lb pressure for 20 minutes [17]. After 

sterilization, the pots were cooled to room temperature 

before being used in the experimental study. 

2.2 Raising of experiment plant 

Carrot seeds from a certified seed bank in Aligarh were 

surface-sterilized in 0.01% mercuric chloride (HgCl2) after 

rinsed with sterile water, and then sown in sterilized soil in 

9-inch diameter clay pots. After germination, seedlings 

were thinned to retain a single seedling per pot [18]. The 

experiment followed a fully randomized block design with 

three replications per treatment, and untreated plants were 

used as control. The study was terminated 90 days after 

pathogen inoculation. 

2.3 Preparation and maintenance of nematode 

inoculum 

Nematode-infected eggplants were collected from fields 

near Vivekanand College of Technology and Management, 

Aligarh, and identified as Meloidogyne incognita based on 

perineal patterns [19]. Egg masses were handpicked, 

washed, and placed in mesh sieves mounted with cross 

double layered tissue paper over water in Petri dishes, 

where they were incubated at 25°C until hatching. After 48 

hours, second-stage juveniles (J2) were emerged and their 

density was measured using a stereomicroscope. J2 

concentration in water suspension was adjusted such that 

200 ± 5 nematodes could be found in each ml.  

2.4 Applying nematode inoculum to the test plant  

The soil around the root of carrot seedlings was carefully 

removed and 10 ml of nematode suspension containing 

2000 second-stage juveniles (M. incognita) was evenly 

applied. The roots were then immediately covered with the 

soil. 

2.5 Nickel oxide nanoparticles (NiO NPs) synthesis 

2.5.1 Preparation of the leaf extract  

20 g fresh leaves of Ocimum sanctum from the Department 

of Botany, A.M.U., Aligarh, were washed with tap and 

distilled water (DW), then boiled in 100 ml of distilled 

water for ten minutes. The extract was filtered through 

Whatmann No. 1 filter paper, collected in an Erlenmeyer 

flask, and refrigerated at 4°C.  

2.5.2 Preparation of nickel sulphate (NiSO4) solution 

NiO NPs were synthesized using Nickel sulphate (NiSO4), 

which was purchased from the Thermo fisher Scientific 

Pvt. Ltd. Aqueous solution of NiSO4 was prepared by 

adding 6.4 g of NiSO4 in 1 litre  

of double distilled water (DDW). 

2.5.3 Concoction of NiSO4 biosolution and biosynthesis of 

NiO NPs 

The leaf extract (40 ml) was added to 160 ml of NiSO4 

solution to reduce the nickel ions (Ni+2) to nickel 

nanoparticles (NiO). The contents were boiled for 20 

minutes to complete the reaction. The composite mixture 

was almost transparent having NiO NPs in liquid form 

(Figure 2). This mixture was centrifuged at 4000 rpm for 

10 min, and obtained nanoparticles were dried at 60 ºC for 

24 h (Figure. 3; Liquid form of NiO NPs) [20]. 

2.6 Characterization and analysis of Biosynthesized 

NiO NPs  

2.6.1 Ultraviolet- visible (UV-VIS) Spectroscopy analysis 

The qualitative optical properties of biosynthesized NiO 

nanoparticles (NPs) were analyzed using UV-Vis 

spectroscopy, a non-destructive technique that measures 

absorbance across a wavelength range of 200 to 700 nm. A 

1 ml sample of the nanoparticle suspension was compared 

to a 1 ml distilled water reference. The intensity of the 

reflected light was measured with a UV-Vis 

spectrophotometer (Schimadzer, Kyoto, Japan, UV-visible 

spectrophotometer, Model 1800) at a right angle to the 

light source.  

2.6.2 Fourier Transform Infrared Spectroscopy (FTIR) 

analysis 

The Fourier transformed infrared (FTIR) 

spectrophotometer analyzes NiO nanoparticles by passing 

100 to 10000 cm-1 infrared radiation through the sample, 

where absorbed radiation provides information on 
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molecular bonding through vibrational and rotational 

energy. The resulting spectrum, typically ranging from 400 

cm-1 to 4000 cm-1, serves as a molecular fingerprint for 

chemical identification. Peaks in the spectrum, compared 

with the Merck Infrared chart, indicate interactions and 

bond characteristics. 

 

Fig.2: Preparation of Nickel oxide nanoparticles 

 

2.6.3 Scanning Electron Microscopy (SEM) analysis 

Scanning electron microscopy (SEM) was employed to 

examine the surface morphology of NiO nanoparticles. A 

small amount of the sample was applied to a carbon-coated 

copper grid to create thin film and excess solution was 

blotted off. Let the grid to dry under a mercury lamp. The 

dried grid was then analyzed using a scanning electron 

microscope (JSM6510 , JEOL, Japan). 

2.7 NiO NPs inoculation to the test plant  

Biosynthesized NiO nanoparticles (NPs) were applied to 

plants at concentrations of 10 ppm, 50 ppm, 250 ppm, 500 

ppm, 750 ppm, and 1000 ppm. Soil around the roots was 

gently removed, and the NPs were introduced using a 

micropipette. The roots were then covered with soil, and 

the plants were regularly watered until the end of the 

experiment.  

2.8 Experimental setup 

The experiments were conducted during the winter season 

(November to January) using a completely randomized 

block design, with three variable treatments for each NiO 

NPs concentration and three replicates per treatment 

(Table 1). Pots were watered as needed and placed on 

glasshouse benches with temperatures ranging from 25-30 

ºC.  

2.9 Plant growth parameters 

After 90 days of nematode inoculation, plants were 

harvested and roots were carefully washed. Plants were cut 

above the root base for height and weight measurements, 
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while shoot and root lengths were recorded from the cut 

end to the top leaf and longest root, respectively. Fresh 

weights were recorded after blotting excess water, and dry 

weights were determined after drying in an oven at 60ºC 

for 72 hours. 

Table 1: Treatments given to the testing plant at different 

concentration 

Designation Treatment 

C Control plant (untreated) 

T1 NiSO4 salt only 

T2 Meloidogyne incognita (MI) 

T3 MI + NiSO4 salt 

T4 MI + Plant extract 

T5 MI + NiO NPs (10 ppm) 

T6 MI + NiO NPs (50 ppm) 

T7 MI + NiO NPs (250 ppm) 

T8 MI + NiO NPs (500 ppm) 

T9 MI + NiO NPs (750 ppm) 

T10 MI + NiO NPs (1000 ppm) 

 

2.9.1 Estimation of Chlorophyll content 

Chlorophyll content in fresh leaves was estimated using 

Mackinney (1941) and Lichtenthaler and Welburn (1983) 

methods. Leaves were ground with 80% acetone, 

centrifuged, and the supernatant's absorbance measured at 

645 nm and 663 nm. Chlorophyll content was calculated 

using Arnon's (1949) formula: Total chlorophyll (mg g-1 

FW) = 20.2 (A645) + 8.02 (A663) x V/100 x W.  

2.9.2 Estimation of Carotenoid content 

Carotenoid content in fresh leaves was estimated using 

Mac Lachlan and Zalik's (1963) method, similar to 

chlorophyll extraction. Absorbance was measured at 480 

nm and 510 nm using a spectrophotometer (EI 3305) with 

80% acetone as a blank. Carotenoid content (mg g-1 FW) 

was calculated using the formula: 7.6 (OD 480) – 1.49 

(OD 510) x V/D x W x 1000. 

2.9.3 Estimation of Phenolic content 

100 mg (0.1 g) of fresh leaves were homogenized in 2 ml 

of 80% methanol and agitated at 70 ºC for 15 mins (Zieslin 

and Zaken, 1993). Homogenate was collected in a test tube 

and 2.5 ml of 10% Folin–Ciocalteu reagent (FCR) and 2.5 

ml of 7.5 % sodium bicarbonate (NaHCO3) solution were 

added to it. This mixture was thoroughly mixed before 

incubating at 45 ºC for 45 minutes. An absorbance was 

recorded at 765 nm in a spectrophotometer (Model: EI 

3305) against blank (all the mixture content without leaf 

material). Total phenolic content subsequently calculated 

and expressed as mg gallic acid equivalent (GAE) per 

gram of dry extract (mg GAE/g dw) (Patel et al., 2010; 

Ashraf et al., 2021). 

2.9.4 Estimation of Proline content 

50 mg of leaf tissue were homogenised in 7.5 ml of 

sulphosalicylic acid (3% aqueous) (SSA). The homogenate 

was placed in a centrifuge tube and spun for five minutes 

at 5,000 rpm. The pellet was disposed of and the 

supernatant was collected. A test tube was filled with one 

ml of leaf extract, one ml of glacial acetic acid (GAA), and 

one ml of acid ninhydrin were added to it. This mixture 

was heated in boiling water bath for 1 h and the reaction 

was terminated by placing the test tube in an ice bath. 

After cooling, 2 ml of toluene was added to it. After 

shaking it for 30 sec, two heterogenous layers were 

formed. The upper layer was pipetted out carefully and 

absorbance was recorded at 520 nm. Toluene was used as 

blank [21]. 

2.10 Nematode Related Parameters 

2.10.1 Nematode population per 250g soil 

Soil in each pot was well mixed before the juveniles were 

extracted using the Cobb's sieving, and decanting method 

followed by Baermann funnel technique. The nematode 

suspension was homogenized and 5 ml was transferred to a 

counting dish. Nematode populations per 250 g of soil 

were calculated by counting under a stereoscopic 

microscope [22]. 

2.10.2 Number of galls and egg masses per root system 

At the end of the experiment, harvested plant roots were 

washed with tap water, and gall counts were recorded 

visually. For egg mass assessment, roots were immersed in 

20 ml of 2% NaOCl solution and agitated for 1 minute. 

After dyeing with acid Fuchsin, egg masses were counted 

under a stereoscopic microscope [23]. 

2.10.3 Fecundity 

Fecundity, the number of eggs per egg mass, was assessed 

using the Chlorax method by shaking 1g 1-2cm cut pieces 

of root in a 1.0% NaOCl solution for 5 minutes and 

filtering through 200- and 500-mesh sieves. Then eggs 

were rinsed with cold water to remove NaOCl and counted 

under a stereoscopic microscope. The total number of eggs 

was determined by multiplying the count by the fresh 

weight of the root in each treatment [24]. 

2.10.4 Reproduction factor 

Soil in each pot was thoroughly mixed and juveniles were 

collected by Cobb’s sieving and decanting method 
followed by Baermann funnel technique.  
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Rf = PfPi 
Where, 

Rf = reproduction factor  

              Pf = final nematode population  

              Pi = initial nematode population  

2.10.5 Root-knot gall index 

The root-knot gall indices were determined on 0 to 5 scale, 

where 0 = no gall, 1 = 1 to 2 galls, 2 = 3 to 10 galls, 3 = 11 

to 30 galls, 4 = 31 to 100 galls and 5 = >100 galls per root 

system [25, 26]. 

2.11 Statistical analysis 

  The whole data collected during the experiment was 

subjected to analysis of variance statistically. Least 

significant difference (LSD) was calculated at p ≤ 0.05. 
Duncan’s multiple range test (DMRT) was employed to 
indicate the level of significance between the treatments 

[27]. 

 

III. RESULTS 

3.1 Biosynthesized NiO NPs: Characterization 

3.1.1 Ultraviolet-visible (UV-Vis) Spectroscopy analysis 

Ultraviolet-visible spectroscopy was utilized to analyze the 

optical characteristics of biogenically synthesized NiO 

nanoparticles using a Perkin-Elmer-Lambda 365 UV-vis 

spectrophotometer. The spectra of bio-synthesized NiO 

NPs have been examined in the 200 – 750 nm range, and 

outcomes are displayed in (figure 4). The presence of an 

excitonic peak in the ultraviolet range, coupled with 

absorption in the visible spectrum, clearly demonstrates 

the UV and visible light responsiveness of NiO 

nanoparticles. It is a useful material for photovoltaic 

applications because of its high transparency in the visible 

area and low transparency in the UV region. The good 

optical properties of the synthesised NiO NPs are indicated 

by the absence of other peaks in the spectrum. 

3.1.2 Fourier Transform Infrared Spectroscopy (FTIR) 

analysis 

FTIR analysis provides information about the vibrational 

characteristics of NiO nanoparticles. FTIR analysis 

provides information about the vibrational signatures of 

NiO nanoparticles. The peak observed at 702.84 cm−1 

indicates the presence of Ni-O stretching vibrations. Other 

peaks within the range of 500–4000 cm−1 correspond to 

vibrations from molecules affixed to the surface of the 

NiO nanoparticles. The stretching vibration of the C=C 

bond in alkane groups is detected at 1633.80 cm−1. 

Additionally, a peak at 3436.32 cm−1 signifies OH 

stretching vibrations, indicating the presence of absorbed 

CO2 and molecular water on the nanoparticle surface 

(Figure 5). 

3.1.3 Scanning Electron Microscopy (SEM) analysis 

The morphology of the synthesized NiO nanostructure was 

analyzed using SEM images (figure 6). SEM micrographs 

at different magnifications, specifically (a and b) 10 µm, 

(c) 5 µm, and (d) 1 µm, clearly depict the formation of 

NiO nanosheets that are randomly distributed and have 

well-defined particle boundaries. These NiO nanosheets 

are uniformly shaped and have a thickness ranging from 

15 to 40 nm. 

 

Fig.3: NiONPs in liquid form 
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Fig.4: UV–Vis spectrum analysis of biosynthesized NiONPs 

 

3.2 Plant growth Parameters 

M. incognita led to a considerable reduction in all growth 

parameters of carrot plants. Inoculation with M. incognita 

resulted in a decrease of 30.26% in shoot length, 75.9% in 

root length, 83.42% in shoot fresh weight, 90.43% in root 

fresh weight, 89.8% in shoot dry weight, and 89.17% in 

root dry weight. The application of NiO nanoparticles at 

various concentrations significantly enhanced all plant 

growth parameters compared to inoculated plants. Among 

the treatments, plants treated with a 1000 ppm solution of 

NiO nanoparticles showed the greatest improvements: 

shoot length increased by 35.47%, root length by 266.4%, 

shoot fresh weight by 724%, root fresh weight by 631.2%, 

shoot dry weight by 819%, and root dry weight by 560.1% 

compared to inoculated plants. 

Plants treated with a 10 ppm solution of NiO nanoparticles 

exhibited substantial enhancements in shoot length, root 

length, shoot fresh weight, root fresh weight, shoot dry 

weight, and root dry weight, increasing by 18.49%, 

190.5%, 101.3%, 216.9%, 71. 

4%, and 163.8%, respectively as compared to plants that 

were only inoculated. (Table-3) (Figure 7.). 

 

Fig.5: FTIR spectrum of Biosynthesized NiONPs 
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(a)                                                                                              (b) 

 

 

(c)                                                                                              (d) 

Fig.6 (a-d): SEM images of biosynthesized NiONPs 

 

 

Fig.7: C = Control (untreated); T1 = NiSO4 salt; T2 = Meloidogyne incognita (MI); T3 = MI + NiSO4; T4 = MI + Plant 

extract; T5 = MI + 10 Ppm (NiO NPs solution); T6 = MI + 50 Ppm (NiO NPs solution); T7 = MI + 250 Ppm (NiO NPs 

solution); T8 = MI + 500 Ppm (NiO NPs solution); T9 = MI + 750 Ppm (NiO NPs solution); T10 = MI + 1000 Ppm (NiO 

NPs solution) 
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3.3 Physiological Parameters 

3.3.1 Chlorophyll and carotenoid content 

M. incognita caused substantial decrease in chlorophyll 

content by 53.55% as compared to untreated control. 

Application of NiO NPs solution caused considerable 

enhancement in chlorophyll content as compared to 

inoculated control. NiO NPs, at 1000 ppm, shows 

maximum improvement in total chlorophyll content by 

115% as evaluating with inoculated control (Table-2). M. 

incognita caused pronounced decrease in carotenoid 

content by 61.26% as compared to untreated control.  

Application of NiO NPs caused considerable enhancement 

in carotenoid content as compared to inoculated control. 

NiO NPs, at 1000 Ppm, shows maximum improvement in 

carotenoid content by 158% as compared to inoculated 

control. As compared to only inoculated plants, plants 

treated with 10 ppm solution of NiO NPs also showed 

significant improvement in chlorophyll by 10.8% and 

carotenoid content by 14.5%.(Table-2). 

Table 2: Effect of different concentration of nickel nanoparticle treatments on plant growth parameters of carrot infected 

M.incognita. 

Treatme

nts  

Length (cm) Fresh weight (g) Dry weight(g) Total 

Chloroph

yll (mg/g 

leaf 

tissue) 

Total 

Carotenoi

ds (mg/g) 

Phenolic 

content 

(765nm) 

(mg/g) 

Proline 

content 

(520nm) 

(mg/g) 

Shoot Root Shoot Root Shoot Root 3.38±0.01

1a 

1.42±0.01

1a 

0.452±0.0

01d 

0.028±0.0

01i 

C 38±1.15a 22±1.15a 22.02±1.

12b 

106.77±1.

38a 

4.12±0.0

1a 

9.98±0.0

05a 

1.41±0.17
f 

0.56±0.01

1d 

0.502±0.0

21c 

0.089±0.0

01g 

T1 27±1.15f 10±1.15f 6.38±0.0

2e 

25.36±0.0

23g 

0.45±0.0

2hi 

2.26±0.0

11i 

0.88±0.00

5g 

0.07±0.01

1c 

0.702±0.0

01a 

0.565±0.0

01a 

T2 26.5±0.2

3f 

5.3±1.52
g 

3.65±0.0

3f 

10.21±0.0

17h 

0.42±0.0

1i 

1.08±0.0

23j 

1.57±0.01

1ef 

0.55±0.01

5d 

0.569±0.0

03b 

0.091±0.0

01g 

T3 30±1.73d

e 

13.5±1.5

3de 

7.06±0.0

1e 

26.68±0.0

2g 

0.55±0.0

1g 

2.55±0.0

23h 

0.92±0.01

1g 

0.54±0.01

1d 

0.577±0.0

01b 

0.468±0.0

01b 

T4 27.3±0.5

5ef 

12±1.3ef 6.84±0.0

2e 

25.52±0.0

26g 

0.50±0.0

2gh 

2.28±0.0

11i 

1.67±0.01

1e 

0.59±0.01

7cd 

0.562±0.0

01b 

0.162±0.0

01c 

T5 31.4±0.7
cd 

15.4±0.2

6cd 

7.35±0.0

2e 

32.36±0.0

17f 

0.72±0.0

2f 

2.85±0.0

23g 

1.74±0.01

1de 

0.63±0.11

5cd 

0.549±0.0

23b 

0.142±0.0

01d 

T6 31.7±0.7

8cd 

16±1.52c

d 

12.74±0.

02d 

37.04±0.0

11e 

1.74±0.0

1e 

3.40±0.1

15f 

1.92±0.01

5d 

0.70±0.01

7c 

0.509±0.0

01c 

0.120±0.0

01e 

T7 32.6±0.1

1cd 

16.8±0.3

2bc 

13.06±0.

09d 

41.84±0.0

11d 

2.02±0.2
d 

4.04±0.0

11e 

2.36±0.01

1c 

0.93±0.11

5b 

0.498±0.0

27c 

0.107±0.0

11ef 

T8 33.3±0.1

1bc 

17.1±0.3

5bc 

13.32±0.

18d 

43.13±0.0

17d 

2.03±0.0

1d 

4.70±0.1

15d 

2.80±0.01

1b 

1.01±0.01

1b 

0.485±0.0

02cd 

0.102±0.0

01fg 

T9 33.5±1.7

2bc 

17.6±0.1

7bc 

16.43±1.

24c 

68.15±0.4

76c 

2.58±0.0

2c 

6.55±0.0

15c 

3.33±0.11

5a 

1.04±0.01

5b 

0.458±0.0

01d 

0.060±0.0

01h 

T10 35.9±0.2

5ab 

19.4±0.2

3ab 

30.10±1.

80a 

74.69±0.0

23b 

3.86±0.0

1b 

7.13±0.0

11b 

3.38±0.01

7a 

1.42±0.01

1a 

0.452±0.0

01d 

0.028±0.0

11i 

LSD 2.82 0.64 2.18 1.29 0.05 0.15 0.18 0.109 0.037 0.014 

*Means with same letter are not significantly different according to Duncan Multiple Range Test (p0.05). Each value is a 

mean of three replicates. 

**C= Untreated control; T1= NiSO4 (1000 ppm); T2 =MI; T3= MI + NISO4 ; T4 =MI+ Plant Extract (20 ml); T5 =MI +NiO 

NPs (10 ppm); T6 =MI +NiO NPs (50 ppm); T7 =MI +NiO NPs (250 ppm); T8 =MI +NiO NPs (500ppm); T9 =MI +NiO 

NPs (750 ppm); T10 =MI +NiO NPs (1000 ppm); LSD =Least Standard Deviation. 
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Table 3: Effect of different concentration of nickel nanoparticle on nematode related parameter of root-knot nematode, M. 

incognita infecting carrot plant. 

Treatment Total soil 

nematode 

population 

(250g) 

Number of 

galls 

Number of 

egg masses 

Fecundity Reproduction 

factor 

RKI 

C 0 0 0 0 0 0 

T1 0 0 0 0 0 0 

T2 900±7.63a 108±1.15a 85.8±1.94a 311±1.15a 2.53±0.03a 5±2.3a 

T3 765±2.08b 84±1.15bc 74±1.15b 241±1.52b 1.87±0.02b 4±1.15a 

T4 630±1.52c 87±1.73b 69.9±1.46c 206±1.15c 1.72±0.01c 4±0.57a 

T5 585±2.51d 81±1.73c 60.3±1.19d 194±2d 1.64±0.01d 4±1.15a 

T6 550±2.3e 73±1.73d 54±1.15e 183±1.73e 1.35±0.01e 4±1.73a 

T7 471±3f 65±2.88e 51.8±1.15e 177±2.08f 1.12±0.01f 4±2.51a 

T8 419±3.51g 57±1.15f 45.7±1.28f 173±1.52f 0.99±0.01g 4±1.52a 

T9 390±1.52h 48±1.15g 43±1g 165±1.52g 0.94±0.01h 4±1.52a 

T10 362±2.3i 28±2.3h 41±1.52g 143±1.52h 0.84±0.01i 3±1.52a 

LSD 9.08 4.67 3.57 4.27 0.04 4.32 

*Means with same letter are not significantly different according to Duncan Multiple Range Test (p0.05). Each value is a 

mean of three replicates. 

**C= Untreated control; T1= NiSO4 (1000 ppm); T2 =MI; T3= MI + NISO4 ; T4 =MI+ Plant Extract (20 ml); T5 =MI +NiO 

NPs (10 ppm); T6 =MI +NiO NPs (50 ppm); T7 =MI +NiO NPs (2  50 ppm); T8 =MI +NiO NPs (500ppm); T9 =MI +NiO 

NPs (750 ppm); T10 =MI +NiO NPs (1000 ppm); LSD =Least Standard Deviation. 

 

 

Fig.8: C = Control (untreated); T1 = NiSO4 salt; T2 = Meloidogyne incognita (MI); T3 = MI + NiSO4; T4 = MI + Plant 

extract; T5 = MI + 10 Ppm (NiO NPs solution); T6 = MI + 50 Ppm (NiO NPs solution); T7 = MI + 250 Ppm (NiO NPs 

solution); T8 = MI + 500 Ppm (NiO NPs solution); T9 = MI + 750 Ppm (NiO NPs solution); T10 = MI + 1000 Ppm (NiO 

NPs solution) 
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3.3.2 Phenolic content 

Compared to the untreated plants (control), the treated 

plants had noticeably higher phenol content. M. incognita 

caused the significant increase in phenol content by 25.8% 

as compared to untreated control. NiO NPs (1000 ppm) 

shown maximum increase in phenol content by 20.7% as 

compared to untreated control. 

As compared to only inoculated plants, plants treated with 

10 ppm solutions of NiO NPs also showed significant 

increase in phenolic content by 3.51 % (Table-2). 

3.4 Nematode Related Parameters 

Application of NiO NPs at 1000 ppm caused significant 

decrease in nematode population per 250 g of soil by 

59.77%. When M. incognita was used alone, there were a 

lot of galls per root system and nematode proliferation 

(Table-3).  

NiO NPs caused the significant decrease number of galls, 

the highest reduction being in case of 1000 ppm solution 

of NiO NPs in T10, by 74.07 %. Number of eggs per egg 

mass was found significantly decreased in plants treated 

with 1000 ppm solution of NiO NPs in T10; the highest 

reduction is by 54.65% (Figure 8). There was a decrease in 

fecundity by 54.01% and reproduction factor by 66.79%. 

 

IV. DISCUSSION 

Root knot nematodes, which are polyphagous sedentary 

endoparasites, pose a significant threat to global 

agricultural production, particularly in vegetable fields 

such as those growing carrots [28]. Nematicides are highly 
toxic and adversely affect the environment and may 
restrict their usage against plant parasitic nematodes. The 

interest in creating biological control strategies has 

increased due to the necessity for ecologically friendly 

control methods. Traditional methods of synthesizing 

nanomaterials involve the use of chemicals and solvents 

that pose hazards to the nature, human and animal health. 

In contrast, green synthesis utilizes organic compounds 

like plant extracts and solvents with minimal or no 

toxicity, promoting an environmentally sustainable 

approach. The synthesis of nanoparticles can use as an 

alternative due to their cytotoxicity, physicochemical traits, 
and biological properties [29, 30]. NiO nanoparticles 

fabricated using extracts from Ananas comosus, Hordeum 

vulgare, Calotropis gigantea, Ocimum sanctum and 

Brassica rapa leaf have shown consistent and trustworthy 

biochemical properties in vitro. The results demonstrate 

the usefulness of biogenic NiO NPs in agricultural and 

biomedical domains because of their intrinsic anti-

pathogenic characteristics, controlled size, oxidative 

stress-generating capacity, and conducting nature [31, 32]. 

In this research, we have presented a sustainable method 
for synthesizing NiO nanoparticles using extracts from the 
Ocimum sanctum plant. NiO nanoparticles, appearing as 
an olive-green precipitate, were obtained after drying for 
24 hours at 60°C. Nickel oxide is the second largest 
prevalent metal oxide, known for its affordability, safety, 
and straightforward preparation process. 

Characterization involved UV-Vis spectrophotometry, 
FTIR analysis, and SEM analysis. According to Medda et 
al. (2015), nanoparticles typically exhibit absorbance 
spectra between 400-700 nm when synthesized from their 
respective salt precursors, showing a distinct and can 

perceive a prominent peak in the spectrum of visible light. 
This characteristic is often attributed to the close proximity 
of nickel nanoparticles' conduction and valence bands, 
facilitating electron movement and resulting in a 
pronounced surface plasmon resonance peak [33].This 
peak likely arises from nickel oxide band gap absorption, 
where electrons transition from the valence to the 
conduction band. UV-Vis spectrum analysis examined the 
spectra of biogenically synthesized NiO nanoparticles 
within the 200 – 750 nm range. FTIR analysis revealed a 
peak at 702.84 cm-1, and SEM analysis indicated that the 
average thickness of NiO particles ranged from 15-40 nm, 
exhibiting a hexagonal shape. 

 

V. CONCLUSION 

The study utilized Ocimum sanctum leaf extract to 

biosynthesize NiO nanoparticles, characterized by FTIR, 

SEM, and UV-Vis techniques for revealing their shape, 

size, surface appearance, structural organization and purity 

of NPs and the presence of secondary metabolites in leaf 

extract, which served capping agents for the production of 

NPs. These nanoparticles contain specific phytochemicals 

and secondary metabolites that can provide resistance to 

pests and pathogens, making them a safer alternative to 

various pesticides. The green-synthesized NiO NPs 

effectively controlled Meloidogyne incognita in Daucus 

carota, enhancing plant growth and showing significant 

reduction in nematodal activity at various concentrations, 

particularly at 1000 ppm. 

 The nanoparticles, rich in phytochemicals, offer a safer 

and more eco-friendly alternative to conventional 

pesticides. Overall, this plant-based synthesis method is a 

promising, cost-effective and sustainable approach for 

managing plant pathogens and advancing agricultural 

research. 
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Abstract— Urban ecological environment is the material basis for the survival and development of 
residents, and ecological sensitivity research is of great significance for understanding and protecting the 
ecosystem, promoting sustainable development, preventing and controlling environmental problems. With 
the progress of science and technology and the increasingly prominent environmental problems, the 
importance of ecological sensitivity research is increasing, and it has become one of the hot spots in 
environmental science research. In this paper, geographic information system (GIS) and analytic Hierarchy 
Process (AHP) are used to evaluate the ecological sensitivity of Maoming City. Firstly, the spatial database 
of ecological sensitivity assessment is constructed by integrating 9 factors such as elevation and slope with 
GIS technology. Secondly, AHP method was used to determine the weight of each ecological sensitivity 
factor, including elevation, slope, slope direction, land use type, vegetation coverage and water 
environment. Finally, combined with the above data and weights, the ecological sensitivity of Maoming 
City was quantitatively evaluated, and divided into four sensitive areas: insensitive, low sensitive, medium 
sensitive and high sensitive, and the spatial distribution map of ecological sensitivity was drawn. The 
results showed that the comprehensive ecological sensitivity of Maoming city was high, mainly 
characterized by insensitivity and low sensitivity, which accounted for 69.31%. 
Keywords— Ecological Sensitivity (ES); Geographic Information System (GIS); Analytic Hierarchy 
Process (AHP); Maoming City 

 

I. INTRODUCTION 

Urban ecological environment refers to the system 
composed of all living organisms (including human beings) 
and the environment in an urban area. It is a highly 
complex social-economic-natural ecosystem, composed of 
social subsystems, economic subsystems, and natural 
subsystems. Urban ecosystems are not only influenced and 
controlled by natural factors but also influenced and 
controlled by social and economic factors. Human 

planning of urban structure and layout determines the basic 
spatial pattern of urban ecosystems [1]. As a result, the 
urban ecological environment evaluation is of great 
significance for promoting urban sustainable development, 
ensuring the health of residents, preserving ecological 
balance, dealing with climate change, and improving the 
city's image and competitiveness. 

Ecological sensitivity refers to the degree of 
ecosystem sensitivity to disturbance by natural and human 
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activities within the region. It reflects the degree of 
difficulty and possibility of the ecological environment 
problems when the regional ecosystem encounters 
interference and is used to characterize the possible 
consequences of external interference. That is, under the 
influence of various ecosystems under the action of 
interference intensity or external force. Assessment of 
ecological sensitivity is essential for understanding and 
protecting ecosystems. By assessing ecological sensitivity, 
we can identify areas that are particularly sensitive to 
human activities or vulnerable to natural disasters, which 
often require special conservation and management 
measures to prevent ecological degradation and 
environmental damage. In addition, ecological sensitivity 
assessment can also help decision-makers make more 
scientific and rational decisions in land planning, resource 
development, and environmental protection.  

Scholars at home and abroad have made significant 
advances in the field of ecological sensitivity. Scholars 
have discussed the definition of ecological sensitivity and 
tried to build a theoretical model of ecological sensitivity 
assessment. For example, some studies have proposed a 
theoretical framework for ecological sensitivity assessment 
and conducted an empirical study taking Shaanxi Province 
as an example. The researchers have also created a variety 
of ecological sensitivity evaluation methods, including the 
Delphi method, the ecological factor scoring method, and 
the GIS technology [3]. These methods are used to analyze 
and evaluate the ecological sensitivity of specific regions 
in order to take corresponding protection and development 
measures. In the study of ecological sensitivity, scholars 
have carried out empirical studies of ecological sensitivity 
in different regions, such as sensitivity analysis of soil 
erosion, acid rain, desertification, and other issues, as well 
as sensitivity research of watershed ecology. These studies 
help to understand the spatial distribution of ecological 
sensitivity and provide a scientific basis for the prevention 
and governance of ecological environmental problems [2].  

Simultaneously, several researches have combined 
ecological sensitivity evaluation with ecological red line 
demarcation to explore how to delimit strict protection 
boundaries in ecologically sensitive areas to ensure 
ecological security and sustainable development. The 
researchers also tried to combine the evaluation of 

ecological sensitivity with the evaluation of ecological 
service value so as to more comprehensively evaluate the 
function and value of the ecosystem and provide technical 
methods and ideas for ecological protection and ecological 
construction. These research results not only enhance our 
understanding of ecological sensitivity but also provide a 
scientific basis for ecological protection and environmental 
management. With the progress of science and technology 
and the continuous improvement of research methods, 
future research on ecological sensitivity will be more 
thorough and accurate. 

In recent years, many researchers have conducted a 
lot of research on various aspects of ecological evaluation, 
with diversified research scales. Although there are urban 
scales, there are few studies on ecological sensitivity in 
fourth-tier cities[4]. Therefore, it is particularly important 
to carry out the ecological sensitivity research in Maoming. 
Maoming coastal zone is a region with high ecological 
sensitivity, which is greatly affected by natural factors and 
human activities, such as coastal erosion, soil erosion, 
storm surge, red tide, etc., which need to be evaluated and 
planned through ecological sensitivity research. And 
Maoming coastal areas from the perspective of the sea as a 
whole, we need to consider the interaction and influence of 
land and marine ecosystems. Ecological sensitivity 
research helps to identify and protect important ecological 
origins, corridors, and nodes; identify and protect 
important ecological spaces; promote the construction of 
ecological civilization; and achieve sustainable 
development[6]. At the same time, ecological sensitivity 
research can reveal the sensitivity of the ecosystem to 
natural and human activities, help Maoming City better 
understand the vulnerability and sensitivity of its coastal 
zone ecosystem, formulate corresponding protection and 
management measures, and ensure ecological balance and 
sustainable development[6]Error! Reference source not 
found.. 

In terms of methodology, generally applying the 
digital elevation model (DEM) data to extract the slope 
and aspect and then using the data to calculate the 
normalized difference vegetation index (NDVI) and the 
normalized differential water index (NDWI) using the 
remote sensing image data. These indicators can help to 
assess ecological sensitivity and classify them into 
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different sensitivity grades, such as insensitive, low 
sensitivity, medium sensitivity, and high sensitivity. 
Moreover, the analysis based on remote sensing images to 
calculate the NDVI index is helpful to evaluate the 
vegetation coverage and assess the health status of 
vegetation, which indirectly reflects the ecological 
sensitivity. Finally, the comprehensive evaluation method 
was used. The evaluation of ecological sensitivity requires 
the comprehensive consideration of various factors, such 
as terrain, vegetation, and water bodies. This involves the 
use of geographic information system (GIS) technology to 
synthesize the effects of different factors and generate a 
spatial distribution map of ecological sensitivity [7].The 
advantage of such a method is that it is able to provide a 
wide range of ecological sensitivity assessments, suitable 
for regional planning and environmental management, and 
the combination of DEM and remote sensing image data 
can accurately reflect the physical and biological 
characteristics of the ecosystemError! Reference source 
not found.. It can also, through GIS technology, provide 
ecological sensitivity spatial distribution visualization to 
understand and communicate[10]. The disadvantage is that 
data acquisition and processing may be expensive, 
especially high-quality remote sensing image data, and the 
analysis process is complex, which requires professional 
knowledge and skills and sensitivity assessment for 
small-scale or special ecosystems. The existing methods 
may not be fine enough. In practical research, ecological 
sensitivity analysis methods can be applied to a variety of 
scenarios, such as urban planning, land use planning, 
environmental protection, etc. For example, the urban 
expansion and green space layout can be guided by 
analyzing the ecological sensitivity of the surrounding city 
to reduce the negative impact on the surrounding 
ecosystem. 

In conclusion, the ecological sensitivity analysis 
method is an interdisciplinary field, involving many 
aspects of geography, ecology, remote sensing, and GIS 
technology. As technology evolves, these methods will 
become more precise and efficient, contributing to better 
protection and management of the environment [9]. 

 

II. STUDY AREA 

Maoming, located in southwest Guangdong Province, 

is a prefecture-level city in Guangdong Province. It is 
adjacent to Yangjiang City in the east, the South China Sea 
in the south, Zhanjiang City in the west, and Yunfu City 
and Guangxi Zhuang Autonomous Region in the north. 
The administrative area of Maoming City has a total land 
area of 11,427.63 square kilometers and a coastline of 
182.1 kilometers long. The city faces the sea behind the 
mountains, and the terrain is high in the north and low in 
the south, leaning from northeast to southwest. The highest 
point is 1704 meters, and the lowest point is 1.6 meters. In 
the north and northeast, there are three mountains of 
yunkai, leakage, and clouds, forming the northern barrier 
of the city, while the central and southwest are mainly hills, 
plains, and platforms. 

The climate of Maoming belongs to the subtropical 
monsoon climate, with obvious monsoon, with north wind 
prevailing in winter and southeast wind prevailing in 
summer. The main climate features are no severe cold in 
winter, no extreme heat in summer, long in summer and 
short in winter, rich in heat, abundant rainfall, and an 
obvious dry and wet season. 

Annual rainfall is between 1500 and 1800 mm, of 
which the rainfall from April to September accounts for 
more than 80% of the whole year. The annual average 
sunshine hours were between 1700 and 2000 hours, and 
the sunshine percentage was between 40% and 44%. The 
hydrological condition of Maoming is influenced by its 
geographical location and climatic characteristics. Because 
it is located in the south of the Tropic of Cancer, with 
abundant rainfall, plus the terrain is high in the north and 
low in the south, and mountainous in the north, so the 
water resources are relatively abundant. The main rivers of 
Maoming city are the Jianjiang River, Meihua River, 
Luojiang River, Huanghua River, and Xiaodong River. 
Except that the Huanghua River belongs to the Xijiang 
River basin, all the others belong to the Jianjiang River 
system. The average annual rainfall in Maoming is about 
20.3 billion cubic meters, with a rainfall depth of 1791 mm, 
the runoff is about 11 billion cubic meters, and the average 
runoff depth is about 973 mm. 

.By the end of 2022, the permanent resident 
population of Maoming was 6.2382 million, and the 
registered population was 8.2597 million. In 2022, the 
city's gross regional product (preliminary accounting 
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number) was 390.463 billion yuan, an increase of 0.5% 
over the previous year. Maoming has jurisdiction over two 
municipal districts, three county-level cities, 26 street 
offices, 86 towns, 276 resident 'committees, and 1,628 
villagers' committees. 

Maoming is rich in marine resources and beautiful 
coastal scenery. Meanwhile, Maoming is also an important 
petrochemical base in China, with the nickname "Southern 
Oil City." In recent years, Maoming has actively promoted 
the adjustment, transformation, and upgrading of industrial 
structures and strives to build a modern economic system 
[4]. 

 

Fig.1 The administrative area of Maoming City  

 

III. RESEARCH METHODS 

3.1 Data Source 

The data of this study are mainly divided into raster 
and vector data. Raster data include 2019 digital elevation 
model (DEM), image data (30 m× 30 m), 2021 annual 
vegetation cover (NDVI) image data (30 m× 30 m), 2021 
land use data (30 m× 30 m), population density data in 
2019 (1 km× 1 km), and GDP per capita data in 2020 (1 
km× 1 km). Vector data includes water environment data 
and road data in 2021.  

DEM data and NDVI data are from the geospatial 
data cloud; land use data, road data, and water 
environment data are from the National Center for Basic 

Geographic Information; and population density and per 
capita GDP data are from the Resource and Environmental 
Science and Data Center of the Chinese Academy of 
Sciences. DEM data are analyzed and processed by 
ArcGIS 10.8 software to obtain slope and aspect data; 
NDVI data is used in ENVI 5.3 software. The above data 
are unified in the coordinate system and the projection 
system in ArcGIS 10.8 [10]. 
3.2. Construction of the Evaluation System 

In the process of constructing the evaluation index 
system, the selection of evaluation factors, the delineation 
of sensitive levels, and the weight determination are the 
most important, which have the greatest impact on the 
rationality of the evaluation results. First of all, the 
purpose of the evaluation and the geographical scope of 
the evaluation need to be clarified, which will determine 
the design direction and coverage content of the evaluation 
system. According to the evaluation objectives, select the 
indicators that can reflect the ecological sensitivity. These 
indicators usually include natural factors (such as climate, 
topography, hydrology, etc.) and human factors (such as 
land use, population density, economic activities, etc.). The 
selected indicators are organized according to certain 
logical relations to form a distinct hierarchical evaluation 
system.  

This system usually includes the target layer, the 
criteria layer, and the index layer. Evaluation criteria were 
set for each indicator, and different weights were given 
according to its influence on ecological sensitivity. Data 
related to evaluation indicators are collected and 
performed the necessary processing to facilitate 
subsequent analysis and calculation. Select the AHP for 
evaluation. According to the results of the evaluation 
model, the ecological sensitivity level of each region is 
analyzed, and the results are interpreted and verified. The 
evaluation results are applied to the actual ecological 
protection, planning, and management to provide a 
scientific basis for decision-makers. 

 In the construction of an ecological sensitivity 
evaluation system, this paper considers that the evaluation 
system should consider natural and human factors and 
their interaction (comprehensive); the evaluation system 
should be an organic whole with clear connection and 
interaction (systematic); the ecological sensitivity changes 
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with time and environment, and the evaluation system 
should be able to reflect such dynamic change (dynamic); 
the evaluation system should be strong and practical to 
facilitate practical operation and data processing 
(operational). Taking Maoming as the research object, 9 
evaluation factors such as elevation and slopes were 
selected (Table 1). These factors are closely related to the 
topography and human activities of the region, and can 
reflect the ecological sensitivity of the region.  

1. The effect of elevation on ecological sensitivity 
elevation is reduced precipitation; these changes 
will affect plant growth and animal habitat, 
making these areas more vulnerable to 
disturbance and destruction. 

2. The effect of slope can affect the retention of 
water and the degree of soil erosion. A steep 
slope often means a faster flow rate and stronger 
soil erosion, which may lead to soil erosion and 
land degradation and increase ecological 
sensitivity. 

3. The effect of aspect will affect the reception of 
solar radiation and the evaporation rate of water, 
and different slopes will lead to different 
microclimate conditions. For example, the south 
slope receives more sunlight and may have 
higher temperatures and less humidity, while the 
North Slope does the opposite, all affecting the 
stability and ecosystem sensitivity. 

4. The impact of the water environment, including 
the quality and quantity of water bodies, is 
crucial to the ecosystem. Pollution or lack of 
water bodies will affect the survival of aquatic 
life, change the ecological function of wetlands 
and rivers, and thus affect the health and 
stability of the whole ecosystem. 

5. The influence of vegetation coverage is an 

important indicator to measure the health state 
of ecosystems. High vegetation coverage 
usually means good soil maintenance and water 
conservation, while low vegetation coverage 
may indicate bare soil exposure and insufficient 
water content, which may increase ecological 
sensitivity; the impact of roads on ecological 
sensitivity. 

6. Road construction will change the surface cover, 
increase soil erosion and pollutant discharge, 
and may also promote human activities in an 
otherwise relatively remote natural environment, 
increasing the risk of ecological disturbance. 

7. The influence of land use will directly affect the 
structure and function of the ecosystem. 
Activities such as overexploitation, urbanization, 
and agricultural expansion may lead to habitat 
loss and decreased ecological services, 
increasing ecological sensitivity. 

8. The effect of population density: high 
population density will affect the amount of 
resource consumption and waste production, 
and high population density may lead to greater 
resource pressure and environmental pollution, 
thus increasing ecological sensitivity. 

9. The impact of per capita GDP is often used to 
measure the level of economic development in a 
region. Higher GDP per capita may mean higher 
energy consumption and industrial activities, 
which may lead to more environmental 
pollution and ecological destruction, thus 
affecting the ecological sensitivity of. 

In conclusion, the above factors affecting the stability 
and resilience of the ecosystem need to consider the 
interaction and influence of these factors through different 
mechanisms [11]. 

.Table 1 Indicators and Weights of the Ecological Sensitivity of Guangzhou City 

Index factors 
Classification reference 

basis 

Non 

sensitivity 

Low 

sensitivity 

Middle 

sensitivity 

High 

sensitivity 

Elevation 

 

Ecological sensitivity 
evaluation of national 

ecological county based on 
GIS[11] 

 

<200 

 

[200, 300) [300, 800) 
 

g800 

 

Slope 

 

Standard for vertical 
planning of urban and rural 

construction land[13] 

 

<3 

 

[3, 5) [5, 15) 
 

g15 
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Aspect 
 

Ecological sensitivity 
evaluation of national 

ecological county based on 
GIS[11] 

Flat ground, 
just due south 

Southeast, 
Southwest 

northeast,  
northwest 

 

due north 

 

Main rivers 

 

GIS based on Xingyun 
Lake basin State sensitivity 

evaluation[14] 

 

>1 500 

 

( 1 000, 1 500] (500, 1 000] 
 

f500 

 

Fraction 
Vegetation 

Coverage 

Red line demarcation 
technology for ecological 

protection[17] 

Guide Land Use Survey 
techniques 

regulation[18] 

 

[0, 30) 
 

[30, 50) [50, 70) 
 

[70, 100) 
 

Main roads 

Based on ecological 
sensitivity and ecosystem 

Unified service value of 
Changli County 

ecology Corridor 
construction[16] 

 

>3 000 

 

[2 000, 3 000] [ 1 000, 2 00) 
 

<1 000 

 

Land use 

Ecological sensitivity 
evaluation of Heyuan 

City[15] 

bare area 

Artificial 

Cultivated 
land, shrub 

land 

Grassland, 
wetland, 

forest 

Water 
body 

Population 
density 

Evaluation of land 
ecological sensitivity based 
on GIS in Taiyuan City [19] 

 

>23 203 

 

[10463,23203] [3328, 10463) [0, 3328) 

GDP per 
capita 

Correlation analysis of 
ecological sensitivity and 

social economy in Guizhou 
Province [20] 

 

>16. 708 0 

 

[7.7106,16.7080
] 

[2.4336,7.7106
) 

 

[0, 2. 4336) 
 

Value  1 3 5 7 

 

3.3 Determination of the AHP Index Weight 
AHP is a structured decision analysis method 

proposed by American operations chip Thomas (T. L. 
Saaty) in the mid-1970s. It determines the relative 
importance of complex decisions by splitting their decision 
problems into multiple levels and factors and making 
pairwise comparisons of these factors. Hierarchical 
analysis is a combination of qualitative and quantitative 
methods that addresses multi-objective, multi-criterion 
decision-making problems, especially for situations that 
are difficult to quantify or need to synthesize multiple 
factors. First, a hierarchical structure model is established 
to decompose complex problems or decision objectives 
into multiple levels. 

This usually includes a target layer, multiple criterion 
layers (or sub target layers), and possible sub criterion 
layers and indicator layers. Elements of the same layer 
affect the upper layer, and also dominate the elements of 
the next layer. Then, to establish the scale of mental 

judgment and quantification, when the two factors 
compare with each other, a quantitative scale is needed to 
show the relative importance between them. Common 
scales such as the 1-9 scale method, where 1 means that 
two factors are equally important and 9 means that one 
factor is more important than the other. Then, the judgment 
matrix is constructed. For the two adjacent layers, the 
elements of the above layer are the criterion. Then, the 
lower elements are compared in pairs, and certain values 
are given according to the relative importance to form a 
judgment matrix. These values are usually assigned 
according to the aforementioned 1-9 scaling method. Then, 
the weight vector is calculated, and the maximum 
eigenvalue of the judgment matrix and its corresponding 
eigenvector are calculated by mathematical methods (such 
as eigenvalue method, square root method, etc.).  

This eigenvector is the weight vector of the lower 
element to the upper criterion. Then, the consistency test, 
after constructing the judgment matrix, in order to test the 
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consistency of the matrix (i. e., judging whether there are 
logical errors), the consistency index (Consistency Index, 
CI) and the consistency ratio (Consistency Ratio, CR) need 
to be calculated. Finally, CI is calculated by a specific 
formula, and CR is the ratio of CI and random consistency 
index (Random Index, RI). RI is a known value that 
corresponds to different orders of the matrices with 
different RI values. If the CR is less than 0.1 (the usual 

threshold used), the judgment matrix consistency is 
considered acceptable; otherwise, the judgment matrix 
needs to be readjusted. The combined weight is calculated, 
from the highest level to the lowest layer, the combined 
weight of the elements of each layer for the total target is 
calculated in order, the final weight ranking is obtained, 
and the result of a 99 judgment matrix (Table 2) was 
obtained [11]. 

Table 2 the AHP Judgment Matrix 

Index factors Elevation Slope Aspect Water Coverage Road 
Land 
use 

Density of 
population 

GDP 

Elevation 1. 000 0. 333 3. 000 0. 143 0. 143 3. 000 0. 143 3. 000 0. 200 

Slope 3. 000 1. 000 3. 000 0. 143 0. 143 3. 000 0. 200 5. 000 0. 333 

Aspect 0. 333 0. 333 1. 000 0. 111 0. 111 0. 333 0. 111 1. 000 0. 143 

Water 7. 000 7. 000 9. 000 1. 000 1.000 9. 000 3. 000 9. 000 5. 000 

Coverage 7. 000 7. 000 9. 000 1. 000 1.000 9. 000 3. 000 9. 000 5. 000 

Road 0. 333 0. 333 3. 000 0. 111 0. 111 1. 000 0. 143 3. 000 0. 200 

Land use 7. 000 5. 000 9. 000 0. 333 0. 333 7. 000 1. 000 9. 000 3. 000 

Density of 
population 

0. 333 0. 200 1. 000 0. 111 0. 111 0. 333 0. 111 1. 000 0. 200 

GDP 5. 000 3. 000 7. 000 0. 200 0. 200 5. 000 0. 333 5. 000 1. 000 

 

3.4 GIS Weighted Superposition Method 

The GIS weighted superposition method is a 
commonly used spatial analysis technique that allows 
users to perform a comprehensive evaluation of multiple 
layers for the importance of different factors. This 
approach usually involves the following steps: 

1. Determine the analysis objectives: clarify the 
problems to be solved and the objectives of the analysis. 

2. Select the influencing factors: select various factors 
related to the analysis goal, such as slope, land class, 
distance, etc. 

3. Weight assignment: according to the influence of 
each factor on the analysis target. The weights can be the 
values of expert opinion, statistics, or other methods. 

4. Reclassification and standardization: The original 
data of each factor is reclassified and standardized to make 
them comparable. 

5. Weighted superposition calculation: the reclassified 
and standardized data are weighted and superimposed 
according to the weight to obtain the comprehensive 
evaluation results. 

6. Results analysis: analyze the weighted 

superposition results to identify the regions or 
characteristics that meet the analysis objectives. 

The formula for the comprehensive sensitivity 
calculation is shown as follows: 

             (1)
 

Where, P represents the comprehensive ecological 
sensitivity value, Wi, the weight value of the ith evaluation 
factor obtained by hierarchical analysis, Ci, the evaluation 
value of the ecological sensitivity level of the ith 
evaluation factor, and n, the number of evaluation factors. 

 

IV. RESULTS AND ANALYSIS 

4.1 Single Factor Sensitivity Analysis and Evaluation 

4.1.1 Elevation Sensitivity Analysis 

  According to Figure 2,3, Table 3, the high sensitive 
area is 392.62 km2, accounting for 30% of the total area, 
mainly distributed in the northeast Maoming; the medium 
sensitive area is 2465.33 km2, accounting for 20% of the 
total area, distributed in the northeast Maoming; the low 
sensitivity area is 1034.03 km2, accounting for 8% of the 
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total area, mainly distributed in the northeast Maoming; 
the insensitive area is 8508.05 km2, accounting for 69% of 
the total area, mainly distributed in the southern plain. As 
can also be seen from Figure 1, the elevation sensitivity of 
Maoming decreases from the mountains (highly sensitive) 

in the northeast to the plain (insensitive) in the south. 
Therefore, in urban construction, expansion should be 
considered in the insensitive areas in the south and 
protecting the highly sensitive areas in the north [22].  

 

Fig.2 Elevation Sensitivity Analyses   

 

 

Fig.3 Percent of the Elevation Sensitive Area 

 

Table 3 Elevation Sensitive Area 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

Elevation / 

km2 
8508.05 1034.03 2465.33 392.62 
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4.1.2 Sensitivity Analysis of the Slope 

As can be seen from Figure 4,5, Table 4, the highly 
sensitive area of slope is 3768.61 km2, accounting for 30% 
of the total area, distributed in the northeast of Maoming; 
the middle sensitive area of slope is 5060.85 km2, 
accounting for 41% of the total area, distributed in the 
central and western regions; the low sensitive area is 
1422.14 km2, accounting for 12% of the total area, mainly 
south; the insensitive area of slope is 2124.6 km2, 

accounting for 17% of the total area, mainly distributed in 
the plain area in the south. It can also be seen from Figure 
4 that the slope sensitivity of Maoming city decreases from 
the mountains (highly sensitive) in the north to the plain 
(insensitive) in the south. Therefore, in urban construction, 
expansion should be considered in the insensitive areas in 
the south and protecting the highly sensitive areas in the 
north. 

 

Fig.4 Slope Sensitivity Analyses 

 

 

Fig.5 Percent of the Slope-sensitive Areas  
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Table 4 Slope Sensitive Areas 

 

 

 

 

                

4.1.3 Aspect Sensitivity Analysis 

As can be seen from Figure 6, 7, Table 5, the highly 
sensitive area of slope direction is 2430.2 km2, accounting 
for 20% of the total area; the area is 4818.41 km2, 39% of 
the total area; the low sensitive area is 2220.27 km2, 18% 
of the total area, mainly distributed in Maoming; and 
2907.23 km2, accounting for 23% of the total area, mainly 

distributed in the southern ocean. As can also be seen from 
Figure 6, the slope sensitivity of Maoming city decreases 
from land (highly sensitive) to ocean (insensitive). 
Therefore, in urban construction, expansion should be 
considered into the insensitive areas in the southern coastal 
zone, and appropriate measures should be taken to protect 
the highly sensitive areas in the north. 

 

Fig.6 Aspect Sensitivity Analyses  

 

 

Fig.7 Percentage of Aspect Sensitive Area 

 

 

 Insensitivity Low sensitivity 
Middle  

sensitive 
High sensitivity 

Slope area 

/ km2 
2124.6 1422.14 5060.85 3768.61 
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Table 5 Aspect Sensitive Area 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

Aspect area / 

km2 
2907.23 2220.27 164.4 2430.2 

 

4.1.4 Sensitivity Analysis of Water Environment 
From Figure 8, 9, Table 6, the highly sensitive area of 

water environment is 5.93 km2, accounting for 0% of the 
total area, mainly distributed in the northeast of Maoming; 
the medium sensitive area of water environment is 164.41 
km2, accounting for 1% of the total area, distributed in 
northeast Maoming; the low sensitive area of water 
environment is 1173.07 km2, accounting for 10% of the 
total area, mainly distributed in northeast Maoming; the 

insensitive area of water environment is 11056.71 km2, 
accounting for 89% of the total area, mainly distributed in 
the southern plains. It can also be seen from Figure 8 that 
the sensitivity of the water environment in Maoming 
decreases from the mountains (highly sensitive) in the 
north to the plain (insensitive) in the south. Thus, in urban 
construction, expansion should be considered in the 
southern insensitive areas and protecting the highly 
sensitive areas in the north. 

 

Fig.8 Water Environment Sensitivity Analyses 

 

 

Fig.9 Percentages of the Sensitive Areas of the Water Environment 
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Table 6 Area of Water Environment Sensitive 

 

 

 

 

 

4.1.5 Sensitive Analysis of Vegetation Cover 

From Figure 10,11, Table 7 shows that the highly 
sensitive area of vegetation coverage is 9305.99 km2, 
accounting for 78% of the total area, distributed in the 
northern mountainous area; the medium sensitive area of 
vegetation coverage is 1752.25 km2, accounting for 15% 
of the total area, distributed in the central area; the low 
sensitive area of vegetation coverage is 482.7 km2, 
accounting for 4% of the total area, distributed in the 

southwest; the insensitive area of vegetation coverage is 
398.21 km2, accounting for 3% of the total area, 
distributed in the southern coast. It can also be seen from 
Figure 10 that the sensitivity of vegetation coverage in 
Maoming decreases gradually from the northern mountain 
(high sensitivity) to the southern plain (insensitive). 
Therefore, in urban construction, expansion should be 
considered in the southern insensitive areas and protecting 
the highly sensitive areas in the north. 

 

Fig.10 the Sensitivity Analysis of Vegetation Cover 

 

 

Fig.11 Percentages of Sensitive Areas with Vegetation Coverage 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

Water environment 

area /  km2 
11056.71 1173.07 164.41 5.93 
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Table 7 the Sensitive Areas with Vegetation Coverage 

 

 

 

 

 

 

 

4.1.6 Road Sensitivity Analysis 

From Figure 12, 13, Table 8, the high sensitivity area 
is 11139.9 km2, accounting for 90% of the total area, 
mainly distributed in Maoming areas; 302.6 km2, 
accounting for 2% of the total area, little distribution; the 
low sensitivity area of the road is 310.7 km2, accounting 

for 3% of the total area, mainly distributed in the central 
hilly area; the insensitive area of the road is 646.81 km2, 
accounting for 5% of the total area with little distribution. 
It can also be seen from Figure 12 that the road sensitivity 
in Maoming city is basically highly sensitive. 

 

Fig.12 Road Sensitivity Analyses  

 

 

Fig.13 Percentage of the Area of Sensitive Roads 

 

 

 Insensitivity 
Low 

sensitivity 

Middle 

sensitive 

High 

sensitivity 

Area of vegetation 

coverage /  km2 
398.21 482.7 1752.25 9305.99 
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Table 8 Road Sensitive Areas 

 

 

 

 

 

 

4.1.7 Land Use Sensitivity Analysis 

From Figure 14,15, Table 9, the highly sensitive area 
of land use is 557.18 km2, accounting for 5% of the total 
area, mainly distributed in the southern sea area; 635.52 
km2, 5% of the total area, distributed in the central hilly 
area; the low sensitive area of land use is 6053.35 km2, the 
total area is 51%, mainly distributed in the northern and 

central hills; the insensitive area of land use is 4703.13 
km2, accounting for 39% of the total area, mainly 
distributed in the southern plain area. It can also be seen 
from Figure 14 that the southern plain is mainly insensitive. 
Therefore, in urban construction, expansion should be 
considered in the southern insensitive areas and protecting 
the highly sensitive areas in the north. 

 

Fig.14 Land Use Sensitivity Analysis  

 

 

Fig.15 Percentage of Land Use Sensitive Areas 

 

 

 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

Road area / km2 646.81 310.7 302.68 11139.9 
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Table 9 Sensitive Areas for Land Use 

 

4.1.8 Sensitivity Analysis of Population Density 

As can be seen from Figure 16,17, Table 10, the 
highly sensitive area of population density is 11270.0 km2, 
accounting for 95% of the total area, mainly distributed in 
each area of Maoming; the medium sensitive area of 
population density is 292.1 km2, or 2% of the total area, 
with scattered distribution; the low sensitive area of 

population density is 292.1 km2, accounting for 3% of the 
total area; the insensitive area of population density is 1.32 
km2, accounting for 0% of the total area with less 
distribution. It can also be seen from Figure 16 that the 
population sensitivity in various areas of Maoming city is 
relatively high. 

 

Fig.16 Population Density Sensitivity Analyses  

 

 

Fig.17 Percentage of Population Density Sensitive Area 

 

Table 10 Population Density Sensitive Areas 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

Land use area 

/ km2 
4703.13 6053.35 635.52 557.18 

 Insensitivity Low sensitivity Middle sensitive High sensitivity 

Area of population density /  
km2 

1.32 292.1 292.1 11270.09 
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4.1.9 The Sensitivity Analysis of GDP 

From Figure 18,19, Table 11, we can see that the area 
of highly sensitive area of GPT is 11734.5 km2, accounting 
for 100% of the total area, mainly distributed in each area 

of Maoming; the proportion of medium sensitive area of 
GPT, low sensitive area of GPT and insensitive area of 
GPT is basically 0. Therefore, the high GDT sensitivity in 
Maoming should be considered in urban construction. 

 

Fig.18 Per Capita GDP Sensitivity Analyses 

 

 

Fig.19 Percentage of Area Sensitive to GDP Per Capita 

 

Table 11 Sensitive Areas with Per Capita GDP 

 

 

 

 

 

 

 

 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

GDP area /  km2 0 0 42.04 11734.5 
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V. CONCLUSIONS AND DISCUSSION 

5.1 Comprehensive Sensitivity Analysis 

 

Fig.20 Comprehensive Sensitivity Analyses  

 

 

Fig.21 Integrated Sensitivity Analyses 

 

Table 12 Comprehensive Sensitive Areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Insensitivity Low sensitivity 
Middle 

sensitive 
High sensitivity 

Comprehensive 
evaluation of the 
area /  km2 

4656.48 3417.81 2959.08 616.68 
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As shown in Fig. 20.21, Table 12, and the combined 
statistics (Table 13), Maoming has a relatively low 
comprehensive ecological sensitivity. Mainly by sensitivity 
and low sensitivity areas, both account for 69% of the area 
of Maoming, with an area of up to 8074.29 km2. Widely 
distributed in the whole region of Maoming, this part of 
the region has a relatively stable climate. There are no 
extreme weather events, such as frequent droughts, floods, 
or storms; the soil has a better quality; the ability to 
support a variety of plant growth; not susceptible to 
erosion or degradation; sufficient in water resources; good 
water quality; it is conducive to agricultural irrigation and 
ecosystem maintenance; these areas have a low population 
density; less non-active industrial and agricultural 
activities; therefore, the ecosystem has suffered less human 

disturbance[21][5].  

High sensitive area accounts for 5% of the total area, 
the area of 616.68 km2, concentrated in greatly influenced 
by human area. This area of natural environment and 
ecosystem is relatively fragile, has a strong response to 
external interference and damage, poor resilience, the 
climate condition is unstable, may appear as extreme 
weather events, and may lead to frequent natural disasters. 
The soil quality is poor, easy to erosion, and is not suitable 
for crop growth. Water resources shortage; water quality 
may be polluted, making it difficult to meet the needs of 
agricultural and domestic water[22]. These areas may face 
excessive agricultural cultivation, industrial development, 
and urbanization processes, leading to ecological 
environment deterioration [5][23]. 

Table 13 Classification Statistics of Ecological Sensitivity in Maoming 

Evaluation 
factor/Index factors 

Insensitivity Low sensitivity Medium sensitivity High-sensitivity 

Area  

/km2  

Ratio/
%  

Area  

/km2  

Ratio/
%  

Area  

/km2  

Ratio/
%  

Area  

/km2  

Ratio 

/%  

Elevation 8508.05 68.61% 1034.03 8.34% 2465.33 19.88% 392.62 3.17% 

Slope 2124.6 17.17% 1422.14 11.49% 5060.85 40.89% 3768.61 30.45% 

Aspect 2907.23 23.49% 2220.27 17.94% 4818.41 38.93% 2430.2 19.64% 

Water 11056.71 0.00% 1173.07 9.46% 164.41 0.00% 5.93 0.00% 

Coverage 398.21 3.34% 482.7 4.04% 1752.25 14.68% 9305.99 77.95% 

Road 646.81 5.22% 310.7 2.51% 302.68 2.44% 11139.9 89.84% 

Land use 4703.13 39.36% 6053.35 50.66% 635.52 5.32% 557.18 4.66% 

Density of population 1.32 0.01% 292.1 2.46% 292.1 2.46% 11270.09 95.06% 

GDP 0 0.00% 0 0.00% 42.04 0.36% 11734.5 99.64% 

Comprehensive 

evaluation 
4656.48 39.97% 3417.81 29.34% 2959.08 25.40% 616.68 5.29% 

 

VI. CONCLUSION 

For highly sensitive areas, more stringent protection 
measures should be taken to reduce the impact of external 
interference and damage. Establish and improve relevant 
legal and regulatory systems, clarify protection standards 
and management responsibilities of highly sensitive areas, 
establish dynamic monitoring systems, and provide a 
scientific basis for protection management; limit or 
prohibit development activities that may have a negative 

impact on highly sensitive areas, such as industrial 
construction and mineral mining, etc.; repair damaged 
ecosystems, restore their original ecological functions and 
services; strengthen environmental protection publicity 
and education; raise public awareness of the importance of 
protection of highly sensitive areas; and encourage the 
public to participate in protection actions [25].  

Although the middle sensitive area is not as fragile as 
the high sensitive area, moderate protection measures still 
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need to be taken to prevent ecological degradation. 
Conduct land use planning in the sensitive areas to avoid 
overdevelopment and unsustainable utilization; implement 
an ecological compensation mechanism to compensate the 
ecosystem damaged by development activities; strengthen 
the sensitive areas to ensure that all activities meet the 
environmental requirements; regularly monitor the 
ecological conditions in the sensitive areas and detect and 
handle environmental problems in time. Low-sensitive 
areas are relatively stable ecosystems compared to high- 
and medium-sensitive areas, but appropriate protection 
measures are still needed to maintain their ecological 
balance [24].  

Promote sustainable land use and resource 
management methods to avoid long-term damage to the 
ecosystem; conduct environmental education activities to 
raise residents' awareness of environmental protection and 
promote eco-friendly behaviors; establish ecological 
monitoring sites to monitor ecosystem changes and 
prevent potential environmental problems. Due to its 
strong anti-interference ability, the protection measures are 
relatively loose, but still attention should be paid to 
maintain its ecological balance. Even in insensitive areas, 
local ecosystems should be protected from unnecessary 
damage; conduct basic environmental monitoring to 
ensure that regional environmental quality is not 
significantly affected; popularize environmental protection 
knowledge; enhance public awareness of environmental 
protection; and promote sustainability. 
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Abstract— This study evaluates the economic impact of using solid and liquid organic manures on the 

cultivation of cauliflower, focusing on the cost of cultivation and the benefit-cost (B:C) ratio. The experiment 

was conducted at technology park CTAE, MPUAT, Udaipur during Rabi season 2021-22 under controlled 

conditions, where different treatments involving sole and combined application of organic manures (FYM 

and vermicompost) and four levels of panchagavya were evaluated on cauliflower crop with three 

replications under factorial RBD design. The analysis involved calculating the total cost of cultivation, 

including inputs, labour, and other variable costs, and comparing these costs with the net returns obtained 

from the crop yield. The B ratio was then determined to assess the profitability of each treatment. Result 

showed that among organic manures application of OM3 treatment (50% RDN through FYM and 50% RDN 

through vermicompost) as soil application was found recorded maximum net return of Rs. 174791.08. Among 

different levels of panchagavya, application at 5% concentration as foliar spray gave maximum net return 

of Rs. 164587.74. The interactive effect of organic manures and panchagavya on net return showed that the 

combined application of OM3 + PG2 (50 per cent FYM + 50 per cent RDN through Vermicompost + 5 per 

cent Panchagavya) gave maximum net return of Rs. 206075.16 from cauliflower crop and The combined 

effect of organic manures and panchagavya on B:C ratio showed that the combined application of OM0 + 

PG2 (control + 5 per cent Panchagavya) gave maximum B:C ratio of 2.90. 

Keywords— Cauliflower, Vermicompost, FYM, Panchagavya, Benefit to cost ratio. 

 

I. INTRODUCTION 

Cauliflower (Brassica oleracea var. botrytis) is a widely 

cultivated vegetable crop known for its high nutritional 

value and strong market demand. The profitability of 

cauliflower farming is significantly influenced by the costs 

associated with cultivation and the economic returns 

obtained. In recent years, there has been an increasing shift 

towards organic farming practices, driven by the need for 

sustainable agriculture and the growing consumer demand 

for organic produce. Organic farming primarily relies on 

natural inputs, such as solid and liquid organic manures, 

which are believed to enhance soil health, improve crop 

productivity, and support long-term sustainability (Patil et 

al., 2019). 

Conducting an economic analysis of agricultural practices, 

particularly by evaluating the cost of cultivation and the 

Benefit-Cost (B:C) ratio, is crucial for understanding their 

financial viability. The B:C ratio, which compares the 

benefits (returns) to the costs of cultivation, serves as a key 

indicator of economic efficiency. A higher B ratio signifies 

a more profitable and economically efficient farming 

practice (Kumar et al., 2020). 

https://ijeab.com/J
https://dx.doi.org/10.22161/ijeab.95.6
https://creativecommons.org/licenses/by/4.0/


Chawla et al.                 Economic Analysis of Cost of Cultivation and Benefit Cost Ratio of Cauliflower in Response to Solid and 

Liquid Organic Mannure 

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 

https://dx.doi.org/10.22161/ijeab.95.6                                                                                                                                                    62 

Solid and liquid organic manures, including traditional 

preparations like panchagavya, are known to positively 

impact crop growth and yield by improving soil structure, 

enhancing nutrient availability, and promoting beneficial 

microbial activity (Ramesh et al., 2021). However, the 

economic implications of using these organic inputs, 

particularly regarding cost savings, net returns, and overall 

profitability, require thorough investigation.  

Vermicomposting is a technology for decomposing various 

kinds of organic waste (both domestic or industrial) into 

useful material. Vermicomposting is mostly done with the 

earthworm Eisenia fetida. Vermicomposting can provide 

easily available nutrients, growth-promoting compounds 

and a variety of helpful microorganisms such as nitrogen-

fixing, phosphorus solubilizing and cellulose decomposing 

organisms (Suthar 2012). 

This study aims to perform an in-depth economic analysis 

of cauliflower cultivation using various organic manure 

treatments. By examining the cost of cultivation, net 

returns, and B:C ratio under different conditions involving 

solid and liquid organic manures, this research seeks to 

provide valuable insights into the economic feasibility of 

organic farming practices. The results will contribute to the 

understanding of sustainable agriculture and support 

farmers in making informed decisions about adopting 

organic farming methods. 

 

II. MATERIAL AND METHOD 

The field experiment was conducted at the Technology 

Park, CTAE, MPUAT, Udaipur, Rajasthan, during the Rabi 

season of 2021-22. The cauliflower variety 'Pusa Snowball 

K-1' was sown in a nursery in October. Four-week-old 

seedlings were transplanted at a spacing of 45 × 30 cm. Full 

doses of FYM, vermicompost, and their combination were 

applied before transplanting, according to the treatment 

plan. Sixteen treatments were evaluated using a Factorial 

RBD design with three replications. 

The details of used two treatment factor respectively 

organic manures and panchagavya are given under:  

Factor A 

 Organic Manures  

OM0: Control  

OM1: 100 % RDN through FYM  

OM2: 100 % RDN through Vermicompost  

OM3: 50 % RDN through FYM + 50% RDN through 

Vermicompost 

Factor B 

 Panchagavya  

PG0: 0 % (water spray) at 30 and 45 DAT  

PG1: 3% Panchagavya spray at 30 and 45 DAT  

PG2: 5 % Panchagavya spray at 30 and 45 DAT  

PG3: 10 % Panchagavya spray at 30 and 45 DAT 

Statistical analysis of data  

Factorial Randomized Block Design (RBD) was used to 

analyse the individual data of the numerous characters 

evaluated in the experiment, as suggested by Panse and 

Sukhatme (1985). 

 

III. RESULT AND DISCUSSION  

Effect of organic manure 

Economic appraisal is the ultimate basis for evaluating the 

results of any study. In present study the maximum net 

return of Rs. 174791.08 was found with the application of 

with OM3 (50 per cent FYM + 50 per cent RDN through 

Vermicompost). This might be due to the fact that under 

these treatments the cost of treatments was low as compared 

to output added, therefore, higher curd yields resulted in 

higher net returns. However, the minimum net return of Rs. 

92897.77 and B:C (0.73) was found with OM1 i.e. 100 per 

cent RDN through FYM which was significantly lower than 

the net return (Rs. 150978.36) and B:C (2.74) under control 

(no organic manure). This might be due to the fact that 

under control treatments the cost of treatments was nil due 

to no use of organic manures therefore, the output (yield) 

increased the B:C ratio. The above findings are also in 

conformity with the findings of Yadav and Luthra, (2005) 

in vegetable pea, Kalalbandi et al. (2007) in cabbage and 

Sharma and Bhalla (1995) and Bairwa et al. (2009) in Okra. 

Effect of panchagavya (PG)  

In present study the maximum net return of Rs. 164587.74 

was found with PG3 (10 per cent Panchagavya). The 

increased net return could be explained on the basis of 

increased curd yield under the 10 per cent panchagavya 

which was higher than rest of the treatments. The lower net 

return was obtained under water spray (Rs. 107639.90). 

Similar finding was recorded through use of organic 

manures by Bhandari et al. (2019) on okra crop. 

Interaction effect of organic manures and panchagavya 

(OMxPG)  

The data related to interactive effect of organic manures and 

panchagavya on net return showed that the combined 

application of OM3 + PG2 (50 per cent FYM + 50 per cent 

RDN through Vermicompost + 5 per cent Panchagavya) 

gave maximum net return of Rs. 206075.16 from 

cauliflower crop. The next best treatment (100 per cent 

RDN through vermicompost + 10 per cent Panchagavya) 
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generated a net return of Rs. 190784.64. The minimum net 

return of Rs.58993.01 was recorded with OM1 + PG0 (100 

per cent RDN through FYM + water spray). The data related 

to combined effect of organic manures and panchagavya on 

B:C ratio showed that the combined application of OM0 + 

PG2 (control + 5 per cent Panchagavya) gave maximum 

B:C ratio of 2.90. The next best treatment (control + 10 per 

cent Panchagavya) generated a B:C ratio of 2.78. The 

minimum B:C ratio of 0.47 was recorded with OM1PG0 

(100 per cent RDN through FYM + water spray). Similar 

results are found by Mandloi et al. (2008), Chattoo et al. 

(2010) in onion and Negi et al. (2017) in broccoli. 

Table 1 Effect of organic manures and panchagavya on net return and B:C ratio of cauliflower 

Treatments Net return (Rs.) B:C ratio  

A. Organic manure   

OM0 150978.36 2.7 

OM1 92897.77 0.7 

OM2 143801.23 1.2 

OM3 174791.08 1.4 

B. Panchagavya   

PG0 107639.90 1.2 

PG1 128191.81 1.4 

PG2 162048.98 1.7 

PG3 164587.74 1.7 

Interaction Net return (Rs.) B:C ratio 

OM0PG0 136203.69 2.58 

OM0PG1 147206.05 2.71 

OM0PG2 160102.60 2.90 

OM0PG3 160401.09 2.78 

OM1PG0 58993.01 0.47 

OM1PG1 88696.11 0.70 

OM1PG2 106797.02 0.84 

OM1PG3 117104.95 0.90 

OM2PG0 103159.31 0.91 

OM2PG1 106039.81 0.93 

OM2PG2 175221.15 1.52 

OM2PG3 190784.64 1.62 

OM3PG0 132203.59 1.11 

OM3PG1 170825.29 1.42 

OM3PG2 206075.16 1.70 

OM3PG3 190060.29 1.54 
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Fig. 1: Effect of organic manures and panchagavya on net returns ( ha-1) of cauliflower 

 

 

Fig. 2: Effect of organic manures and panchagavya on B:C ratio of cauliflower 

 

General cost of cultivation (Rs/hectare) (Excluding the cost of treatment inputs). 

S.No. Particulars Units Cost per unit (Rs.) Amount (Rs.) 

A. VARIABLES    

a) Labour cost    
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i. Nursery preparation and sowing 3 mandays @ 300 900.00 

ii. Nursery management (2 hours for 30 days) 10 mandays @ 300 3000.00 

II. Main field    

i. Layout (bed preparation) 16 man days @ 300 4800.00 

ii. Transplanting 10 man days @ 300 3000.00 

iii Irrigation 10 man days @ 300 3000.00 

iv. Manuring and fertilization 5 man days @ 300 1500.00 

 

v. 

Intercultural operations 

(Hoeing, weeding, earthing up and) 

 

35 man days 

@ 300  

10500.00 

vi. Spraying 8 man days @ 300 2400.00 

vii. Picking and harvesting (2 hours for 90 days) 15 man days @ 300 4500.00 

 Total 112 man days @ 300 33600.00 

B. FIXED COST 

i. Land rent and interest on invested money and 15000 + 3000.00 For one crop 18000.00 

C. MATERIALS INPUT    

i. Seeds 400 Rs. 3 per g 1200.00 

ii     

 Total cost = (A + B + C)   54540 

 

Treatment cost per hectare area of cauliflower 

S.No. Treatment Treatment 

Cost  

(` ha ) 

Common 

Cost  

(` per ha) 

Total Cost  

(`  per  ha) 

Yield 

(kg/ha ) 

Gross Return 

(` per ha) 

Net Return  

(`  per ha) 

B:C Ratio 

1. OM0PG0 0 52800 52800 17600.00 176000 123200 3.333333 

2. OM0PG1 1500 52800 54300 18600.00 186000 131700 3.425414 

3. OM0PG2 2500 52800 55300 19266.67 192666.7 137367 3.484027 

4. OM0PG3 5000 52800 57800 20933.33 209333.3 151533 3.621684 

5. OM1PG0 72000 52800 124800 41600.00 416000 291200 3.333333 

6. OM1PG1 73500 52800 126300 42600.00 426000 299700 3.372922 

7. OM1PG2 74500 52800 127300 43266.67 432666.7 305367 3.398795 

8. OM1PG3 77000 52800 129800 44933.33 449333.3 319533 3.461736 

9. OM2PG0 60000 52800 112800 37600.00 376000 263200 3.333333 

10. OM2PG1 61500 52800 114300 38600.00 386000 271700 3.377078 

11. OM2PG2 62500 52800 115300 39266.67 392666.7 277367 3.405609 

12. OM2PG3 65000 52800 117800 40933.33 409333.3 291533 3.474816 

13. OM3PG0 66000 52800 118800 39600.00 396000 277200 3.333333 

14. OM3PG1 67500 52800 120300 40600.00 406000 285700 3.374896 

15 OM3PG2 68500 52800 121300 41266.67 412666.7 291367 3.402034 

16 OM3PG3 71000 52800 123800 42933.33 429333.3 305533 3.467959 

*Retail sale price of cauliflower @ Rs. 10 per kg 
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Treatment cost 

S. 

No. 

Treatment Treatment details Total quantity of 

input 

Rate/kg Amount (Rs.) 

i. OM0 Control 0 0 Rs. 0 

ii. OM1 100% RDN through FYM 24000 kg 3 Rs. 72000 

iii. OM2 100% RDN through 

vermicompost 

10000 kg 6 Rs. 60000 

iv. OM3 50% RDN through FYM + 

50% RDN through 

vermicompost 

12000 + 5000 kg 3 Rs.+ 6 Rs. 66000 

v. PG0 Control 0 0 Rs. 0 

vi PG1 3% Panchagavya 15 lit. 100 Rs. 1500 

vii PG2 5% Panchagavya 25 lit. 100 Rs. 2500 

Viii PG3 10% Panchagavya 50 lit. 100 Rs. 5000 

 

IV. CONCLUSION 

Conclud that The treatment OM3 (50 per cent RDN through 

FYM + 50 per cent RDN through Vermicompost) and PG2 

(5 per cent Panchagavya) spray at 30 and 45 DAT may be 

recommended for cauliflower crop to obtain maximum net 

return of Rs. 174791.08. Among different levels of 

panchagavya, application at 5% concentration as foliar 

spray gave maximum net return of Rs. 164587.74. The 

combined application of OM3 + PG2 (50 per cent FYM + 

50 per cent RDN through Vermicompost + 5 per cent 

Panchagavya) gave maximum net return of Rs. 206075.16 

from cauliflower crop and The combined effect of organic 

manures and panchagavya on B:C ratio showed that the 

combined application of OM0 + PG2 (control + 5 per cent 

Panchagavya) gave maximum B:C ratio of 2.90. 
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Abstract—The present study to know the personal, socio-economic and psychological characteristics of 

randomly selected 120 coconut growers from Tiptur, Turuvekere, Chikkanayakanahalli and Sira taluks of 

Tumkur district was conducted during the year 2022-23. Overall it was found that equal number of coconut 

growers (42.50 %) were in the old and middle age group respectively, while significant number of coconut 

growers (37.50 %) were having education upto high school, two-third of coconut growers (69.16 %) were 

found under the category of medium family size, while two-fifth of coconut growers (40.00 %) came under 

big farmers category followed by 39.16 per cent under the small farmers category and more than two-fifth 

of coconut growers (46.66 %) possessed medium level of farming experience. Overall it was found that 

significant number of coconut growers (44.20 %) belonged to medium category of information seeking 

behaviour, more than two-fifth of coconut growers (43.33 %) came under medium category of extension 

participation, two-fifth of coconut growers (40.00 %) belonged to medium category of management 

orientation. Among the overall coconut growers, it was disclosed that significant number of coconut 

growers i.e., 46.67 per cent were found equally under the medium category of risk orientation, credit 

orientation, innovativeness. Overall it was found that slightly more than two-fifth of coconut growers 

(41.67 %) were having medium level of deferred gratification, significant number of coconut growers 

(46.67 %) belonged to medium category of scientific orientation and significant number of coconut 

growers (44.17 %) belonged to medium category of cosmopoliteness. 

Keywords— Characteristics, Coconut growers, Personal, Psychological, Socio-economic 

 

I. INTRODUCTION 

Plantation crops are an essential part of our 

agricultural economy and a major factor in the expansion 

and advancement of the agrarian economies in several 

Indian states. The plantation crop industry plays a 

significant role in the overall socio-economic development 

of the country, as evidenced by its substantial contribution 

to foreign exchange earnings and the number of direct and 

indirect jobs it generates. Among the plantation crops, 

Coconut is one such vital crop which holds a prominent 

position symbolizing resilience, versatility and cultural 

significance within the Indian agricultural landscape. 

Considering global scenario, India is amongst the 

largest coconut producing countries with nearly 31% share 

of global production (Coconut Development Board, 

2021)[1]. Coconut cultivation holds particular importance 

in the Indian circumstances, especially in the state of 

Karnataka which is known as one of the leading hubs for 

coconut cultivation. In Karnataka state, Tumkur district is 

often hailed as 'Land of Coconuts' or 'Kalpatharu Nadu' 

and it plays an essential role in strengthening the coconut 
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yield of the state. Around 29 per cent of the total coconut 

cultivation area and nearly 30 per cent of production in the 

state is contributed by Tumkur district alone (Coconut 

Development Board 2021-22)[2].  

Coconut cultivation is a significant farming 

activity with substantial economic and cultural 

significance in many regions. We can say that the success 

and sustainability of this sector are greatly influenced by 

the grower’s backgrounds, behaviours or characteristics 

and attitudes. So, studying the personal, socio-economic 

and psychological characteristics of coconut growers is 

necessary for several reasons. By understanding these 

characteristics, we can recognize the factors that drive 

decision-making, adoption of new technologies and their 

responses to challenges such as market fluctuations, 

climate change and resource constraints. This study 

provides insights into the personal, socio-economic and 

psychological characteristics of coconut growers 

practicing coconut farming. These findings can enlighten 

targeted interventions, policy-making functionaries and 

extension functionaries about developing support 

programs designed to enhance productivity, sustainability 

and the overall well-being of coconut growers. Thus, this 

study can contribute to strengthening of the resilience and 

improvement of the coconut farming sector, which is vital 

for the livelihoods of many rural coconut growing 

communities. 

 

II. MATERIALS AND METHODS 

The present research was conducted in Tumkur district of 

Karnataka in the year 2022-23 using Ex-post-facto 

research design. As coconut cultivation is being taken up 

in most of the taluks of the Tumkur district and for the 

reason that in Karnataka state, Tumkur is one of the top 

coconut growing districts, it was selected purposively for 

the study. Considering the highest and lowest productivity 

in Tumkur district, out of ten taluks, Tiptur, Turuvekere, 

Chikkanayakanahalli and Sira taluks were selected 

purposively for the study. By using simple random 

sampling, thirty coconut growers from each chosen taluk 

were selected. Thus, the total sample involved was 120 

coconut growers from four taluks. 

 

III. RESULTS AND DISCUSSION 

Personal, socio-economic and psychological 

characteristics of coconut growers   

One of the goals of the current investigation was the 

identification of the coconut growers profiles. Following a 

review of the literatures, several most significant 

characteristics of coconut growers were chosen and 

examined. Table 1 summarizes, interprets and presents the 

results. 

Age 

From the study it was revealed that in the case of age of 

coconut growers, significant number of coconut growers in 

Tiptur taluk (50.00 %) and Chikkanayakanahalli taluk 

(53.30 %) were found in the middle age group where as 

significant number of coconut growers of Turuvekere taluk 

(53.30 %) and Sira taluk (66.70 %) were found in the old 

age group. Thus, among the overall coconut growers it was 

revealed that equal number of coconut growers (42.50 %) 

belonged to both the old and middle age group 

respectively followed by 15.00 per cent of them in the 

young age group category. The found pattern may be 

because of the fact that individuals in the middle age group 

might have a balance of family responsibilities and 

farming obligations, making them actively engaged in both 

their households and farms. In case of old age group of 

coconut growers some might continue coconut farming as 

part of their lifestyle and to maintain a source of income 

during their retirement years. Younger individuals might 

be increasingly attracted to urban areas for education and 

employment opportunities, leading to a decreased interest 

in coconut farming. This result matched those of Nayabhai 

(2011)[3], Koli (2012)[4], Deepika (2015)[5]. 

Education 

It was revealed that significant amount of coconut growers 

in Tiptur taluk (33.33 %) had Pre-university education 

whereas significant number of coconut growers in case of 

Turuvekere taluk (56.70 %) and Chikkanayakanahalli 

taluks (43.30 %) had education upto high school. Whereas 

in case of Sira taluk significant number of coconut growers 

(36.70 %) had education upto primary school. Ultimately 

in case of overall coconut growers, significant amount of 

coconut growers (37.50 %) were having education upto 

high school followed by 20.00 per cent of respondents 

having Pre-University education level then followed by 

19.20 per cent of respondents having primary school 

education, 13.33 per cent of respondents were having 

graduation and above and 10.00 per cent were illiterate. 

Due to the existence of high schools in rural areas and the 

recognition of the value of education for one's total growth 

and development, it was possible that the majority of 

coconut farmers have completed their high school 

education. According to investigations by Abhilash 

(2017)[6], this investigation's findings are consistent. 

Family size 

The family size in case of all the chosen taluks viz., in 

Tiptur taluk (60.00 %), in Turuvekere taluk (76.60 %), in 

Chikkanayakanahalli taluk (66.60 %) and in Sira taluk 

(73.33 %) was significantly known to be of medium size . 
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Overall it was revealed that two-third of coconut growers 

(69.16 %) fell under the category of medium family size 

followed by 23.33 per cent of them fell under the small 

family size category then 07.50 per cent of coconut 

growers fell under the large family size category. The 

possible cause might be that medium-sized family might 

provide a better work-life balance for parents, allowing 

them to engage in farming while also dedicating time to 

their family's well-being and other interests. While smaller 

family sizes could be a reflection of changing demographic 

trends, with younger generations opting for smaller 

families. Even the availability of good reproductive health 

treatments increases, families may decide to have fewer 

children, prioritizing quality over number.  In areas with 

limited educational opportunities and alternative 

livelihoods, families might choose to have more children 

who can contribute to farm work. The results are 

consistent with those of Vikas (2020)[7]. 

Land-holdings 

Half of the coconut growers (50.00 %) in Tiptur taluk and 

more than two-fifth (46.66 %) of coconut growers in 

Turuvekere taluk were found to be in big farmer category. 

while equal number of coconut growers (40.00 %) were 

found to be in both small and big farmer category in 

Chikkanayakanahalli taluk. Further it was revealed that 

noteworthy amount of coconut growers (53.33 %) of Sira 

taluk were found in the small farmer category. Overall it 

was found that two-fifth of coconut growers (40.00 %) 

come under big farmers category followed by 39.16 per 

cent under the small farmers category and then 20.83 per 

cent of coconut growers under the marginal farmers 

category. The inheritance of land from their ancestors, 

which may have been transferred down the line from 

generation to generation could be the reason for such land 

holding. The investigations carried out by Rashmi 

(2018)[8] was consistent with these findings. 

Farming experience 

From the investigation it was known that noteworthy 

amount of coconut growers viz., in Tiptur taluk (56.67 %), 

in Turuvekere taluk (40.00 %), in Chikkanayakanahalli 

taluk (46.70 %) as well as in Sira taluk (43.33 %) came 

under medium level of farming experience. Thus, among 

overall coconut growers more than two-fifth of coconut 

farmers or growers (46.66 %) came under medium level of 

farming experience followed by 30.00 per cent of 

respondents were belonging to low level of farming 

experience and then 23.33 per cent of respondents came 

under high level of farming experience. This may be due 

to significant number of the coconut growers belong to 

medium age as well as old age who may have started 

farming activities by dropping their education and even 

significant number of coconut growers who had recently 

involved in farming and the fact that they are young 

farmers. So a sizable portion of respondents might have 

fell into the category of having little agricultural 

experience. According to Kamar (2019)[9], this conclusion 

is consistent.  

Information seeking behaviour 

From the investigation it was known that half of the 

coconut growers in Tiptur taluk (50.00 %) were having 

high level of information seeking behaviour whereas 

significant number of coconut growers viz., in Turuvekere 

taluk (36.70 %), in Chikkanayakanahalli taluk (46.70 %) 

and in Sira taluk (53.30 %) were considered to have 

medium level of information seeking behaviour. Overall it 

was evident that significant number of coconut growers 

(44.20 %) were considered to have medium level of 

information seeking behaviour followed by 30.00 per cent 

were considered to have low level of information seeking 

behaviour and then 25.80 per cent of the respondents were 

found to have high level of information seeking behaviour. 

The respondents pattern of having medium to low level of 

overall information seeking behaviour is most likely 

caused by the reason that coconut growers present in 

isolated or rural areas may lack easy access to information 

sources from agencies of Government, research 

conducting institutions and agricultural extension services. 

Even the respondents had little interest in learning about 

new crops or technologies, which may have prevented 

farmers from interacting with the institutional and non-

institutional sources of knowledge that were accessible to 

them. This finding is in consistent with study conducted by 

Bora et. al (2021)[10]. 

Extension participation 

The analysis showed that significantly equal number of 

coconut growers (43.33 %) in Tiptur taluk were having 

both medium as well as high level or category of extension 

participation. While two-fifth of coconut farmers or 

growers (40.00 %) in Turuvekere taluk found to have 

medium level of extension participation at the same time 

more than half (53.33 %) of respondents or coconut 

growers of Sira taluk were known to have medium level of 

extension participation. In case of Chikkanayakanahalli 

taluk half of the coconut growers (50.00 %) were known to 

possess low level of extension participation. Overall it was 

revealed that more than two-fifth of coconut growers 

(43.33 %) were having medium level of extension 

participation followed by 32.50 per cent were having low 

level of extension participation and then high level of 

extension participation was seen in 24.17 per cent 

respondents. The likely cause of the afore mentioned trend 

is that respondents are eager to work with extension 
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workers to solve their problems and they are also less 

interested in participating in extension activities due to a 

lack of time and even coconut farms spread over large 

areas where extension services are not easily accessible or 

require significant travel, coconut growers might be less 

likely to participate. Mutteppa’s (2018)[11] findings are in 

consistent with the results of the medium category. 

Management orientation 

Coming to management orientation, significant number of 

coconut growers viz., in Tiptur taluk (50.00 %) and in 

Turuvekere taluk (40.00 %) were considered to have 

medium category of management orientation while in 

noticing Chikkanayakanahalli and Sira taluks significantly 

equal number of coconut growers (46.67 %) possessed low 

category of management orientation. Overall it was known 

that two-fifth of coconut growers (40.00 %) were 

possessing medium level of management orientation 

followed by 34.17 per cent were found to have low level of 

management orientation and then by 25.83 per cent 

respondents were found to have high level of management 

orientation. Individual’s innovativeness, cosmopoliteness 

also the scientific orientation can be frequently influencing 

factors over management orientation. The medium degree 

of these qualities among coconut growers may be the 

likely cause of the respondents medium managerial 

approach. This research supported the conclusions of 

Deepika (2015)[5]. 

Risk orientation 

The findings revealed that noteworthy amount of coconut 

growers viz., in Tiptur taluk (46.67 %), in Turuvekere 

taluk (43.33 %), in Chikkanayakanahalli taluk (46.67 %) 

as well as in Sira taluk (50.00 %) were known to have 

medium level of risk orientation. Thus among the overall 

coconut growers, it was learnt that noteworthy amount of 

coconut growers (46.67 %) were found to have medium 

level of risk orientation followed by 27.50 per cent 

respondents were possessing low level of risk orientation 

and then followed by 25.83 per cent respondents were 

found to belong to high level of risk orientation. This 

could be because due to the uncertain market conditions, 

including fluctuating prices and demand, can discourage 

growers from taking risks with their produce. Even normal 

human tendency not to take risk might have forced the 

coconut growers not to involve themselves in taking of the 

risky decisions in farming. This result supported the 

conclusions of Mohammed mosif (2015)[12]. 

Credit orientation 

The study revealed that noteworthy amount of coconut 

growers viz., in Tiptur taluk (50.00 %), in Turuvekere 

taluk (46.67 %), in Chikkanayakanahalli taluk (43.33 %) 

as well as in Sira taluk (46.70 %) found to have medium 

level of credit orientation. Overall, it was learnt that 

around 46.67 per cent of respondents found to have 

medium level of credit orientation followed by 27.50 per 

cent of the respondents were learnt to have low level of 

credit orientation and then 25.83 per cent respondents had 

high level of credit orientation. The cause might be that 

due to respondent’s level of education and medium level 

of cosmopoliteness could have led them to have medium 

level of credit orientation. Coconut growers might rely on 

informal sources of credit from local moneylenders or 

traders. This reliance might be due to easier accessibility, 

but it can come with risks and elevated interest rates. Even 

limited understanding of financial concepts and credit 

mechanisms can make coconut growers hesitant to seek 

credit or unsure about how to manage loans. This research 

is in accordance of the conclusions of Jayashree 

(2013)[13]. 

Innovativeness 

The study found that significantly equal number of 

coconut growers i.e., 46.67 per cent  from the chosen four 

taluks had medium level of innovativeness. Thus, the 

study showed that among overall coconut growers, more 

than two-fifth of coconut growers (46.67 %) were found to 

have medium level of the innovativeness followed by 

28.33 per cent respondents were found to have low level of 

innovativeness and then by 25.00 per cent of respondents 

of the investigation were found to have high level of 

innovativeness. The levels of education and interaction 

with the outside World could be the probable cause of this 

moderate propensity for innovation. They may also have 

observed it in others and taken their time to embrace 

innovative farming practices, which shows this results are 

consistent with Mutteppa (2018)[11] findings. 

Deferred gratification 

The study showed that significant number of coconut 

growers viz., in Tiptur and Chikkanayakanahalli taluk both 

with (40.00 %) of coconut growers, in Turuvekere and Sira 

taluk both with (43.33 %) of coconut farmers or growers 

were found to have medium level of deferred gratification. 

Finally among overall coconut growers it was discovered 

that slightly more than two-fifth of coconut growers (41.67 

%) were discovered to have  medium level of deferred 

gratification followed by 31.67 per cent of the respondents 

were discovered to have high level of deferred gratification 

and then 26.67 per cent of respondents were revealed to 

have low level of deferred gratification. The likely answer 

for found pattern of medium to high level of deferred 

gratification behavior is that the greater part of the 

respondents thinks that future uncertainty can be managed 

now, and as a result, they demonstrated the capacity to 
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make plans for such uncertainties. The results are similar 

with the results of Rajendra Prasad (2016)[14]. 

Scientific orientation 

The findings revealed that significant number of coconut 

growers viz., in Tiptur and Chikkanayakanahalli taluk 

(50.00 %) of coconut growers whereas in Turuvekere and 

Sira taluk (43.33 %) of respondents or the coconut growers 

were discovered to have medium level of the scientific 

orientation. Overall it was learnt that noteworthy amount 

of coconut growers (46.67 %) were discovered to have 

medium level of scientific orientation followed by 29.17 

per cent were found having low level of scientific 

orientation and then followed by 24.17 per cent of the 

respondents were found to have high level of scientific 

orientation. This may be because a significant portion of 

coconuts growers were discovered to possess medium to 

low risk orientation and even low extension 

involvement/participation, which may have prevented 

them from adopting scientific methods for coconut 

farming. Results from Mohammad mosif (2015)[12] 

validate these finding. 

Cosmopoliteness 

From the investigation it was revealed that significantly 

equal amount of coconut growers (43.33 %) in Tiptur and 

Turuvekere taluks, noteworthy amount of coconut growers 

(40.00 %) in Chikkanayakanahalli taluk and half of the 

coconut growers (50.00 %) in Sira taluk found to have 

medium level of cosmopoliteness. Overall it was 

discovered that noteworthy number of coconut growers 

(44.17 %) were discovered to have medium level of 

cosmopoliteness followed by 28.33 per cent of the 

respondents were discovered to have high level of 

cosmopoliteness and then followed by 27.50 per cent of 

the respondents were found to have low level of 

cosmopoliteness. The selected villages relatively 

proximity to the towns and the frequent visits made by the 

coconut growers either for personal or even farming-

related work could be the reason for their medium level of 

cosmopoliteness. These findings are consistent with those 

of Yashodhara(2015)[15]. 

Table 1: Personal, socio-economic and psychological characteristics of coconut growers 

 

Sl. 

No. 

 

Characteristics 

 

Category 

Tiptur 

(n1=30) 

Turuvekere 

(n2=30) 

Chikkanayakana 

halli (n3=30) 

Sira 

(n4=30) 

Overall 

(n=120) 

f % f % f % f % f % 

1 Age (Years) 

Young (<35years) 3 10.00 2 06.67 11 36.70 2 06.67 18 15.00 

Middle (35-50 years) 15 50.00 12 40.00 16 53.30 8 26.70 51 42.50 

Old (>50 years) 12 40.00 16 53.30 3 10.00 20 66.70 51 42.50 

2 Education 

Illiterate 2 06.67 3 10.00 2 06.67 5 16.70 12 10.00 

Primary school 2 06.67 3 10.00 7 23.30 11 36.70 23 19.20 

High school 7 23.30 17 56.70 13 43.30 8 26.70 45 37.50 

Pre-University 10 33.30 3 10.00 5 16.70 6 20.00 24 20.00 

Graduation and above 9 30.00 4 13.30 3 10.00 0 0.00 16 13.30 

3 
Family size 

(No. of members) 

<4 members 9 30.00 5 16.60 7 23.30 7 23.33 28 23.33 

4-6 members 18 60.00 23 76.60 20 66.60 22 73.33 83 69.16 

>7 members 3 10.00 2 06.60 3 10.00 1 03.33 9 07.50 

4 
Land-holdings 

(acres) 

Marginal (< 2.50 acre) 7 23.33 5 16.66 6 20.00 7 23.33 25 20.83 

Small (2.50-5.00 acre) 8 26.66 11 36.66 12 40.00 16 53.33 47 39.16 

Big (> 5.00 acres) 15 50.00 14 46.66 12 40.00 7 23.34 48 40.00 

5 

Farming 

experience 

 

Low < (25.97 – 6.83) 8 26.67 8 26.66 11 36.70 9 30.00 36 30.00 

Medium (25.97 + 6.83) 17 56.67 12 40.00 14 46.70 13 43.33 56 46.66 

High > (25.97 + 6.83) 5 16.67 10 33.33 5 16.70 8 26.67 28 23.33 
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Mean = 25.97 

S.D = 13.67 

6 

Information 

seeking  behaviour 

Mean =34.7 

S.D =9.96 

Low < (34.7 – 4.98) 3 10.00 9 30.00 13 43.30 11 36.70 36 30.00 

Medium (34.7 + 4.98) 12 40.00 11 36.70 14 46.70 16 53.30 53 44.20 

High > (34.7 + 4.98) 15 50.00 10 33.30 3 10.00 3 10.00 31 25.80 

7 

Extension 

participation 

Mean = 4.92 

S.D =4.51 

Low < (4.92 – 2.25) 4 13.33 8 26.67 15 50.00 12 40.00 39 32.50 

Medium (4.92 + 2.25) 13 43.33 10 33.33 13 43.33 16 53.33 52 43.33 

High > (4.92 + 2.25) 13 43.33 12 40.00 2 06.67 2 6.66 29 24.17 

8 

Management 

orientation 

Mean =55.85 

S.D =5.41 

Low < (55.85 – 2.70) 5 16.67 8 26.67 14 46.67 14 46.67 41 34.17 

Medium (55.85 + 2.70) 15 50.00 12 40.00 10 33.33 11 36.67 48 40.00 

High > (55.85 + 2.70) 10 33.33 10 33.33 6 20.00 5 16.67 31 25.83 

9 

Risk orientation 

Mean =8.24 

S.D =1.54 

Low < (8.24 – 0.77) 5 16.67 6 20.00 10 33.33 12 40.00 33 27.50 

Medium (8.24 + 0.77) 14 46.67 13 43.33 14 46.67 15 50.00 56 46.67 

High > (8.24 + 0.77) 11 36.67 11 36.67 6 20.00 3 10.00 31 25.83 

10 

Credit orientation 

Mean =3.06 

S.D =1.13 

Low < (3.06 – 0.56) 5 16.67 4 13.33 12 40.00 12 40.00 33 27.50 

Medium (3.06 + 0.56) 15 50.00 14 46.67 13 43.33 14 46.70 56 46.67 

High > (3.06 + 0.56) 10 33.33 12 40.00 5 16.67 4 13.30 31 25.83 

11 

Innovativeness 

Mean =7.44 

S.D =2.07 

Low < (7.44 – 1.03) 5 16.67 6 20.00 11 36.67 12 40.00 34 28.33 

Medium (7.44 + 1.03) 14 46.67 14 46.67 14 46.67 14 46.67 56 46.67 

High > (7.44 + 1.03) 11 36.67 10 33.33 5 16.67 4 13.33 30 25.00 

12 

Deferred 

gratification 

Mean =27.85 

S.D =4.31 

Low < (27.85 – 2.15) 7 23.33 6 20.00 10 33.33 9 30.00 32 26.67 

Medium (27.85 + 2.15) 12 40.00 13 43.33 12 40.00 13 43.33 50 41.67 

High > (27.85 + 2.15) 11 36.67 11 36.67 8 26.67 8 26.67 38 31.67 

13 

Scientific 

orientation 

Mean =16.36 

S.D =1.38 

Low < (16.36 – 0.69) 6 20.00 7 23.33 10 33.33 12 40.00 35 29.17 

Medium (16.36 + 0.69) 15 50.00 13 43.33 15 50.00 13 43.33 56 46.67 

High > (16.36 + 0.69) 9 30.00 10 33.33 5 16.67 5 16.67 29 24.17 

14 

Cosmopoliteness 

Mean =7.86 

S.D =1.26 

Low < (7.86 – 0.63) 5 16.67 6 20.00 11 36.67 11 36.67 33 27.50 

Medium (7.86 + 0.63) 13 43.33 13 43.33 12 40.00 15 50.00 53 44.17 

High > (7.86 + 0.63) 12 40.00 11 36.67 7 23.33 4 13.33 34 28.33 

f = Frequency and % = Percentage 
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IV. CONCLUSION 

We can say that the personal, socio-economic and 

psychological characteristics of coconut growers can play 

immense role in how they make decisions, accept new 

ideas and respond to the problems in agriculture. Studying 

these characteristics can help us understand the variables 

which can affect their overall productivity and farming 

methods. By identifying these characteristics, we can 

create policies, support networks and extension 

interventions more effectively that are suited to the unique 

requirements of coconut growers by having a deeper 

knowledge of these qualities for a successful socio-

economic growth and development of coconut growers. 
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Abstract— With the continuous strengthening of China's economic strength and the acceleration of 
urbanization, a series of urban ecological problems have also emerged, among which Urban Heat Island 
(UHI) is one of the more serious issues. This article takes Shantou City as the research object, based on 
Landsat series satellite images, uses the radiative transfer equation algorithm (atmospheric correction 
method) to invert the surface temperature of Shantou City, and uses the mean standard deviation method to 
classify the heat island effect of surface temperature. The results indicate that the area of UHI effect in 
Shantou is continuously increasing, and there is a phenomenon of transition from low-temperature areas to 
high-temperature areas. From 2008 to 2021, the UHI area in Shantou exhibited a spatiotemporal variation 
pattern of scattered, contiguous, and diffusive transfer. 
Keywords— Urban Heat Island (UHI); Land Surface Temperature (LST); Urban Heat Island 
Classification; Spatiotemporal feature analysis; Shantou City  

 

I. INTRODUCTION 

The concept of urban heat island (UHI) was first 
proposed by Manley in 1958, referring to the phenomenon 
where the temperature in the city is significantly higher 
than that in the surrounding suburbs [1]. UHI is an 
environmental phenomenon that occurs during the process 
of urban economic development and is also a form of "heat 
pollution." [2]. With the rapid development of urbanization 
and industrialization and the rapid expansion of urban 
population, the types of urban surface cover have changed, 
and the quality of the atmospheric environment continues 
to decline. Urban water bodies, atmosphere, and surface 
cover have been disturbed or damaged by human activities. 
At the same time, the diffusion ability of the thermal 

environment in the city center slows down, the purification 
ability of the thermal environment weakens, and the heat 
accumulation in the city center increases while the heat in 
the surrounding suburbs decreases, resulting in a vicious 
cycle of heat transfer between the city and the suburbs[3]. 
The UHI effect causes a series of environmental problems, 
which have a serious impact on people's lives and 
production, such as abnormal climate and environment, 
warm winters, acid rain, spring sandstorms, high 
temperatures in summer, deteriorating air quality, and 
weakened air diffusion capacity. 

The urban thermal environment is a unique 
combination of natural and man-made buildings within a 
city and is an important component of the urban ecosystem. 

https://ijeab.com/J
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As a place where human life and production gather, cities 
are the most frequent places for energy and information 
exchange on the Earth's surface [2]. The quality of urban 
ecology is directly related to people's quality of life, health 
index, and the economic development of a country. 
Therefore, improving the quality of human habitation and 
urban environment index, adhering to the high-quality 
development of urban economy and ecological 
environment, and moving towards a sustainable green 
ecological path are the keys to the rational and healthy 
development of cities. Studying urban thermal 
environment can not only comprehensively understand the 
urban spatial structure and development scale but also 
guide the sustainable development of urban ecological 
environment, providing an important basis for improving 
the environmental quality of human residential areas. 

Research on UHI can be divided into atmospheric 
heat islands and surface urban heat islands. Among them, 
the UHI is analyzed by establishing mathematical models 
or using statistical methods based on meteorological 
station data. In 1972, Rao first applied remote sensing 
technology to the study of the UHI effect [4]. Due to the 
advantages of good time synchronization, wide coverage, 
and high spatial resolution of remote sensing inversion of 
surface temperature data, it can display the spatial 
distribution of the thermal environment and compensate 
for the limitations of uneven distribution and low relative 
density of meteorological stations on UHI research [5]. 
With the rapid development of qualitative and quantitative 
remote sensing technology, remote sensing thermal 
infrared data has been widely used in land surface 
temperature (LST) inversion and UHI inspection, 
becoming an important tool and means that cannot be 
ignored [6, 7]. In addition, studies have shown that the 
intensity of UHIs exhibits different characteristics over 
time, such as strong nighttime intensity and weak daytime 
midday intensity. The annual variation is characterized by 
strong autumn and winter seasons and weak summer 
seasons. The intensity varies with space. For example, the 
heat island appears in densely populated areas with high 
building density and the highest concentration of industry 
and commerce, while the suburbs have better vegetation 
coverage or dense farmland, resulting in lower heat island 
intensity. 

Based on the above, this study adopts remote sensing 
inversion technology, utilizes Landsat series satellite 
images, and uses the support vector machine (SVM) 
classification method for supervised classification of 
images. The radiative transfer equation algorithm is used 
to invert the surface temperature of Shantou City, and the 
mean standard deviation method is used to classify the 
heat island effect of surface temperature, focusing on the 
analysis of spatiotemporal characteristics. By analyzing 
the spatial distribution conditions and understanding the 
driving factors, provide a scientific basis for policy 
planning and improvement measures. 

 

II. STYDY AREA AND DATA SOURCES 

2.1 Study Area  

The geographical location of Shantou is 116°14'40 
"-117°19'35" east longitude and 23°02'33 "-23°38'50" 
north latitude. The total area of the city is 2064 square 
kilometers, with a population of 4.68 million and a 
coastline of 298 kilometers. Shantou City is located in the 
subtropical monsoon climate zone, with a mild climate 
throughout the year, abundant sunshine, and abundant 
rainfall [8]. This climate condition will to some extent 
promote the UHI effect. The large number of buildings, 
roads, population agglomeration, and other activities 
within the city can lead to an increase in surface 
temperature, making the UHI effect more significant. The 
administrative district governs six districts, including 
Jinping, Longhu, Chenghai, Haojiang, Chaoyang, and 
Chaonan, as well as Nan'ao County (Figure 1). Controlling 
the mouths of Hanjiang, Rongjiang, and Lianjiang rivers, 
the Tropic of Cancer spans the entire region, with winding 
and long coasts and spectacular hills. 

Shantou City takes the secondary and tertiary 
industries as its main economic activity locations. A large 
number of factories, enterprises, transportation, and other 
industrial activities will release a large amount of heat, 
further exacerbating the formation of the urban heat island 
effect. In the process of urbanization, large-scale land 
development, cement construction, asphalt paving, and 
other activities will change the type and nature of surface 
coverage, increase the surface heat capacity, and further 
exacerbate the UHI effect. Meanwhile, the disappearance 
of large-scale green spaces and wetlands has weakened the 
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city's ability to regulate heat, making it more vulnerable to the impacts of climate change and human activities. 

 

Fig.1 Administrative boundary of Shantou City 

 

2.2 Data Sources 

This article uses satellite images from the Landsat 
series, including Landsat-5/TM data from 2008 and 
monthly similar images from Landsat-8/OLI in 2013, 2016, 
and 2021 (Table 2). The remote sensing imagery data are 
all from geospatial cloud data 

(https://www.gscloud.cn/search). The image needs to 
undergo preprocessing, including radiometric calibration 
and atmospheric correction for each period of the image. 
Reuse the vector boundaries of Shantou's administrative 
divisions to extract the scope mask of the research area. 

Table 1 Remote Sensing Image Data Sources 

Item Date Data identification Sensor type Spatial 
resolution 

Imagery 2021-2-22 LC81200442021053LGN00 Landsat8_OLI/TIRS  OLI 30m 

TIRS/100 m 2016-12-9 LC81200442016344LGN01 

2013-12-1 LC81200442013335LGN00 

2008-12-19 LT51200442008354BJC00 Landsat5_TM TM 30m 

 

III. METHODOLOGY 

3.1 Method 

In this article, the radiative transfer equation method, 
also known as the atmospheric correction method, is used 
to invert the surface temperature of Shantou City. Its 
principle is to subtract the influence of atmospheric 
radiation on the surface radiation from the total thermal 
radiation received by satellite sensors and convert the 
remaining radiation value into the corresponding surface 
temperature. That is to say, the total thermal radiation 

received by the satellite is composed of the thermal 
radiation value of the atmosphere, the energy reflected by 
the surface to the sensor, and the energy absorbed by the 
surface and transmitted to the sensor through the 
atmosphere. The advantage of the radiative transfer 
equation is that it is not limited by the thermal infrared 
band but requires four parameters: atmospheric 
transmittance, atmospheric upwelling radiation value, 
atmospheric descending radiation value, and surface 
emissivity. 

https://dx.doi.org/10.22161/ijeab.95.8


Chen and Wang        Analysis of Spatiotemporal Characteristics of Urban Heat Island (HUI) Effect in Shantou City based 
on Landsat Images 

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.95.8                                                                  78 

Based on the above principles, this study used 
Landsat 5 and Landsat 8 images as materials. After image 
preprocessing, NDVI (Normalized Difference Vegetation 
Index) extraction, vegetation coverage calculation, and 
surface radiation calculation are performed. Perform 

radiation calculation and temperature inversion based on 
the tenth wave band image. Finally, analyze the 
spatiotemporal changes and estimate the conclusions. The 
technical roadmap for the research is shown in Figure 2. 

 

Fig.2 Technical Roadmap 

 

3.2 Urban Surface Temperature Inversion 

The physical basis for using remote sensing data to 
invert land surface temperature (LST) in this study is 
based on the heat radiation transfer equation quantified by 
Planck's law. According to the spectral resolution setting of 
satellite sensors, inversion methods are divided into single 
channel algorithms, dual channel algorithms (split window 
algorithms), and multi-channel algorithms. The 
temperature inversion of single channel algorithms 
includes the radiative transfer equation algorithm 
(atmospheric correction method) [9], the single window 
algorithm [10], the universal single channel algorithm, etc. 

[11]. After referring to relevant literature, this article uses 
the radiative transfer equation algorithm to invert 
temperature. 

The basic principle of the radiative transfer equation 
algorithm is to first estimate the impact of the atmosphere 
on surface thermal radiation, and then subtract the 
atmospheric impact from the total amount of thermal 
radiation observed by sensors on the satellite to obtain the 
surface thermal radiation intensity, and then convert this 
thermal radiation intensity into the corresponding surface 
temperature. When using the radiative transfer equation 
algorithm for calculation, four parameters are required, 

Landsat-8, Landsat-5 data 

Vegetation coverage calculation 

NDVI Band calculation 

Image preprocessing 

Atmospheric correction Image subset Radiation calibration 

Calculation of surface emissivity 

Band 10 /band 6 Radiant 
brightness images 

Radiation brightness calculation 

Inversion of surface temperature 
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namely atmospheric transmittance, atmospheric upwelling 
radiation value, atmospheric downwelling radiation value, 
and surface emissivity. The basic calculation of the 
radiative transfer equation is shown in formula (1): ÿ� = [��(��) + (1 2 �)ÿ ↓]� + ÿ ↑ (1) 

In equation (1): L» is the radiance value received by 
the sensor, measured in W/ÿm2·sr·¼m); ε is the surface 
emissivity value; B(Ts) is the radiance value of a 
blackbody in the thermal infrared band at the same 
temperature, measured in W/ÿm2·sr·¼mĀ ; τis the 
transmittance value of the atmosphere in the thermal 
infrared band; L↓ and L↑ are the values of atmospheric 
upward radiance and atmospheric downward radiance, 
measured in W/ÿm2·sr·¼mĀ. The expression for B(Ts) is 
shown in formula (2): �(��) = [ÿ� 2 ÿ ↑ 2�(1 2 �)ÿ ↓]�� (2) 

According to Planck's formula, the surface 
temperature Ts can be obtained, as shown in formula (3): �� = �2ln [ �1�(��)] + 1 (3)

 

In equation (3), K1 and K2 are both constants. 
Due to different sensors, the corresponding K1 and 

K2 values also vary. For Band 6 of TM sensor, K1=607.76 
W/ÿm2·sr·¼m), K2=1260.56K; For Band 10 of TIRS 
sensor, K1=774.89 W/ÿm2·sr·¼m), K2=774.89K. 

⑵ Extraction of surface coverage index 

The process of temperature inversion mainly involves 
the following steps: First, calculating the values of 
intermediate variables such as the NDVI, vegetation 
coverage, surface emissivity, blackbody radiance, etc. 
Then, substitute these intermediate values into the 
equation for temperature calculation. The calculation 
process for each parameter is as follows: 
    The purpose of the NDVI is to increase the reflection 
of vegetation in the thermal infrared band and the 
absorption difference of vegetation in the red band. The 
calculation formula is shown in equation (4): Ā���� = ā��� 2 ��þýā��� + ��þý (4) 

In equation (4), MNDVI is the normalized vegetation 
index value; NNIR is the reflection value of vegetation in 
the thermal infrared band; and JRed is the value of 

vegetation absorption in the red band. 
    For different remote sensing platform sensors, their 
near-infrared and red bands also differ. The near-infrared 
band of Landsat5 is Band4, while the near-infrared band of 
Landsat8 is Band5. The red light bands of Landsat5 and 
Landsat8 are Band3 and Band4, respectively. 
    The vegetation coverage PV is the ratio of the 
projected area of vegetation on the ground to the total area. 
The basic calculation principle is the mixed pixel 
decomposition method, and the calculation formula is as 
follows (5): �� = Ā���� 2Ā��������Ā������� 2Ā�������� (5) 

In equation (5), MNDVIsoil  is the normalized 
vegetation index value of bare soil or areas without 
vegetation cover; Ā������� is the normalized vegetation 

index value of pixels completely covered by vegetation, 
that is, the normalized vegetation index value of pure 
vegetation pixels. Take empirical values, Ā�������=0.70, Ā��������=0.05; that is, when the NDVI value of a pixel is 
greater than 0.70, Pv is taken as 1; when the NDVI value 
is less than 0.05, PV is taken as 0 [12]. 
    The surface emissivity is the ratio of the radiation 
emissivity of the surface to the radiation emissivity of a 
blackbody at the same temperature. The calculation of this 
value is related to the surrounding environment and the 
coverage type of the underlying surface. Qin et al. (2004) 
classified remote sensing images into three types: urban 
areas, water bodies, and natural surfaces. The values are 
calculated as follows: The specific emissivity of water 
body pixels is 0.995, the specific emissivity of natural 
surface pixels is ε surface=0.962 5+0.0614PV-0.0461PV2, 
and the specific emissivity of urban area pixels is ε 
building=0.9589+0.086PV-0.0671PV2. 
    The values of the atmospheric transmittance τ in the 
thermal infrared band, the atmospheric upward radiance 
value L↑, and the atmospheric downward radiance value 
L↓ are all obtained by searching on the website published 
by NASA (http://atmcorr.gsfc.nasa.gov). 
3.3 Classification Method for Urban Thermal 
Environment Levels 

UHI refers to the phenomenon where the temperature 
in the city is higher than that in the suburbs. However, 
defining the heat island area, analyzing the temperature 
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difference between the city and the suburbs, determining 
the level of thermal environment, and determining the 
boundaries of each level are also key issues in urban 
thermal environment research. 
    The mean standard deviation division method [13] 
has been widely used in UHI research. By calculating the 
lowest and highest temperatures obtained from inversion, 
the mean (u) and standard deviation (std) of the surface are 
obtained, and five different heat island level zones are 
divided into strong heat island zone, heat island zone, 
intermediate zone, green island zone, and cold island zone 
within a certain range. Li and Ren (2015) [14] used the 
mean standard deviation method to obtain surface 

temperature and classify it into different levels in the study 
of surface temperature inversion and quantification of UHI 
intensity in Xi'an. Overall, this algorithm can provide a 
good basis for analyzing the spatial differences of UHI; 
Wang (2013) [15] conducted a study on the spatiotemporal 
changes of the urban thermal environment in Shenyang. 
Based on the mean standard deviation method, the surface 
thermal field was divided, and the distribution pattern of 
the thermal environment obtained showed significant 
spatiotemporal resolution. Therefore, this article uses the 
mean standard deviation method to divide the surface 
temperature into five categories based on the thermal field 
division interval in Table 1.  

Table 2 Mean-standard Deviation Temperature Classification 

Heat island level Temperature zone level 
The difference in average temperature 
between urban core and non-core areas 

Cold island Low temperature area �� < � 2 ýþ� 

Green island Sub-low temperature area � 2 ýþ� f �� < � 2 0.5ýþ� 

Normal island Middle-temperature area � 2 0.5ýþ� f �� < � + 0.5ýþ� 

Sub-heat island Sub-high temperature area � + 0.5ýþ� f �� < � + ýþ� 

Intense heat Island High-temperature area �� > � + ýþ� 

 

IV. ANALYSIS AND RESULTS 

4.1 Distribution Characteristics of Spatiotemporal 
Changes in UHI 

From the spatial distribution of the heat island in 
Shantou City (Figure 3), it can be seen that the areas of 
high and sub-high temperature zones have been 
continuously expanding from 2008 to 2021. In 2008, the 
heat island area was mainly distributed in the coastal and 
western parts of Shantou City, namely the border between 
Chaoyang District and Chaonan District and Longhu 
District, which were relatively scattered and had a small 
area. From 2013 to 2021, the high and sub-high 
temperature areas have shown an outward expansion along 
their original regions, mainly distributed in Chenghai 
District, Jinping District, and Haojiang District. The 
intensity of the heat island has increased at the junction of 
Chaoyang District and Chaonan District, as well as along 
the coast. 

Firstly, the surface temperatures of Shantou City in 
2008, 2013, 2016, and 2021 were classified using the 
mean standard deviation method [13] (Table 3, Figure 4, 
Figure 5)。 And the spatial distribution and variation trend 

of surface temperature were observed to exhibit the 
following characteristics: 
1. Low temperature zone: The area of this region has 
significantly increased from 1.1% in 2008 to 13.99% in 
2021. Although 58% of the region remains in a 
low-temperature state, it is worth noting that 38% of the 
region has transformed into a sub-low temperature zone, 
and 4% of the region has warmed up to a medium 
temperature zone, especially in the southwest of the 
Chaonan area and the northeast of the Chaoyang area, 
indicating that local areas are experiencing temperature 
rise. 
    2. Sub-low temperature zone: Between 2008 and 
2016, the area of this region increased from 22.41% to 
25.76%, but after reaching its peak in 2016, it sharply 
decreased to 8.37% in 2021. In this region, 66% of the area 
maintained a sub-low temperature state, while 21% of the 
area cooled down to the low temperature zone, 12% of the 
area heated up to the medium temperature zone, and 1% of 
the area further heated up to the sub-high temperature zone, 
showing complex fluctuations in temperature within the 
region. 
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Fig.3 Classification map of Surface Temperature in Shantou from 2008 to 2021 

 

   3. Medium temperature zone: From 55.75% in 
2008 to 44.18% in 2016, the area of this region shows a 
decreasing trend. However, from 2016 to 2021, the area of 
the temperate zone has rebounded, increasing to 48.51%. 
In this region, 70% of the area maintains a moderate 
temperature, 11% of the area transitions to a sub-low 
temperature zone, 16% of the area heats up to a sub-high 
temperature zone, and 1% of the area transitions to a low 
temperature zone and a high temperature zone, 
respectively, showing a polarization trend between heating 
and cooling in the moderate temperature zone. 

4. Sub-high temperature zone: The percentage of area 
increased from 17.52% in 2008 to 22.27% in 2021, 
showing a continuous growth trend. In this region, 54% of 
the area remains in a sub-high temperature state, 22% of 
the area further heats up to the high temperature zone, and 
23% of the area cools down to the medium temperature 
zone, indicating a coexistence of temperature rise and fall 
in the region. 
    5. High temperature zone: The area of high 
temperature zone increased significantly from 3.21% in 
2008 to 6.18% in 2013. In this region, 50% of the area 

remains in a high temperature state, 34% of the area cools 
down to the sub-high temperature zone, 15% of the area 
cools down to the medium temperature zone, and 1% of 
the area cools down to the sub-low temperature zone, 
reflecting the trend of cooling in the high temperature zone 
while maintaining a high temperature state. 
    In summary, the surface temperature changes in 
Shantou City not only exhibit diversity in spatial 
distribution but also reflect the complexity of temperature 
dynamics within the region under the background of 
climate warming. Against the backdrop of global warming, 
temperature changes in different regions exhibit varying 
trends and amplitudes. The warming in some areas of the 
low- and sub-low-temperature regions may be due to local 
climate change and human activities. The warming of the 
medium and sub-high temperature zones may indicate that 
these areas are gradually transitioning towards higher 
temperatures. The changes in the high-temperature zone 
indicate that although the high-temperature zone has 
expanded, there are also some areas where the temperature 
has fallen. 
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Table 3 Surface Temperature Grade in Shantou from 2008 to 2021 

Thermal field grade 

2008 2013 2016 2021 

Area 

km2 

ratio% Area 

km2 

ratio% Area 

km2 

ratio% Area 

km2 

ratio% 

Low temperature area 25.73 1.10 138.98 5.93 72.63 3.10 328.04 13.99 

Sub-low temperature 
area 

525.75 22.41 509.29 21.71 604.20 25.76 196.43 8.37 

Middle-temperature area 1307.78 55.75 1085.63 46.28 1036.35 44.18 1137.96 48.51 

Sub-high temperature 
area 

410.95 17.52 466.86 19.90 478.23 20.39 522.43 22.27 

High-temperature area 75.40 3.21 144.85 6.18 154.21 6.57 160.74 6.85 

 

Fig.4 Map of Surface Temperature Grade Area of Shantou from 2008 to 2021 

 

4.2 Driving Factors of UHI Evolution 

This article adopts the supervised classification 
method in the post-classification comparison method [16] 
and uses the support vector machine method to classify the 
land use in Shantou City from 2008 to 2021 (Figure 6, 
Table 4) [17]. Analysis shows that from 2008 to 2021, the 
increase in urban built-up area and the decrease in bare 
land and green space are the result of a combination of 
multiple factors: 
1. The acceleration of the urbanization process: With the 
development of the economy and the increase in 
population, the acceleration of the urbanization process has 
led to changes in land use patterns. In order to meet 
people's demand for housing, commerce, and 

infrastructure, a large amount of land is used for 
construction, resulting in an increase in building area and a 
decrease in bare land. 
2. Economic interest-driven: Due to the scarcity of urban 
land resources, some local governments and developers 
may be more inclined to use land for profitable projects 
while neglecting the importance of green spaces. 
3. Natural resource development: In some areas, due to 
natural resource development and other reasons, large 
areas of green space have been destroyed, resulting in a 
decrease in green space. 
    These changes have an impact on the UHI effect: an 
increase in building area and a decrease in green space 
exacerbate the UHI effect. Buildings, roads, and other 
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man-made structures absorb more solar energy and release 
heat, while reduced green spaces cannot effectively absorb 
heat and provide the function of regulating urban 
temperature, making the city hotter. The increase in bare 
land may also have an impact on the heat island effect. 

Bare land is usually prone to absorbing and storing heat, 
and the heat absorbed during the day is slowly released at 
night, causing the city's nighttime temperature to rise and 
further exacerbating the heat island effect. 

 

Fig.5 Temporal and Spatial Characteristics of Variation of Surface Temperature Class 

 

 

 

Fig.1 Land Use Classification Map of Shantou from 2008 to 2021 
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    In summary, the increase in urban built-up area, 
the increase in bare land, and the decrease in green space 
are the result of multiple factors working together, which 
have a significant impact on the UHI effect and exacerbate 

the phenomenon of UHI effect. Thus, effective measures 
should be taken to plan urban development rationally, 
protect, and increase green spaces in order to mitigate the 
adverse effects of the heat island effect. 

Table 4 Area and Proportion of Land Use Types in Shantou from 2008 to 2021 

 

2021 2016 2013 2008 

Area 

km2 

ratio% Area 

km2 

ratio% Area 

km2 

ratio% Area 

km2 

ratio% 

Construction 
land 

696.03  29.60  391.75  16.66  433.58  18.44  314.27  13.36  

Bare land 450.79  19.17  465.35  19.79  394.68  16.78  528.57  22.48  

Forest 710.55  30.21  989.35  42.07  1011.32  43.00  1051.29  44.70  

Water 494.32  21.02  505.23  21.48  512.10  21.78  457.55  19.46  

 

V. CONCLUSIONS 

This article is based on Landsat-5 TM data from 2008, 
Landsat-8 OLI-TIRS data from 2013, 2016, and 2021, 
national basic vector data, and relevant theories of thermal 
environment remote sensing. Using the radiative transfer 
equation algorithm, the surface temperature of Shantou 
City in 2008, 2013, 2016, and 2021 was reconstructed, and 
the UHI intensity and spatial evolution pattern, as well as 
the thermal environment landscape pattern of Xi'an City, 
were analyzed. The following conclusions were drawn: 

Using the atmospheric correction method to 
invert the spatiotemporal trend of surface 
temperature in 2008, 2013, 2016, and 2021. The 
results indicate that the overall heat island 
intensity in Shantou City was relatively weak in 
2008, with only sporadic high-temperature areas. 
In 2013, the economy of Shantou City continued 
to develop, and the degree of greening also 
increased. The intensity of UHI changed from 
scattered to patchy distribution in the later stage, 
and the previous middle area has transformed into 
a strong heat island area or heat island area. The 
area of the UHI effect continues to increase with 
the continuous expansion of cities. In 2016 and 
2021, the Green Island District in Shantou City 
continued to decrease, while the areas of heat 
island and super heat island districts increased. 
⑵ In terms of the spatiotemporal characteristics 
of surface temperature changes,   this article 
uses the mean and standard deviation method to 

divide the surface temperature of Shantou City 
into high temperature zones (strong heat island 
zone), sub-high temperature zones (heat island 
zone), medium temperature zones (middle zone), 
sub-low temperature zones (green island zone), 
and low temperature zones (strong green island 
zone). Overall, the HUI area in Shantou City has 
shown a trend of scattered, contiguous, and 
diffusive transfer from 2008 to 2021. In 2008, the 
scattered heat island area was distributed in the 
main urban area, and in 2013 and 2016, it covered 
the main urban area in a contiguous manner. 
However, in 2021, the UHI area shifted from the 
"urban area" to the "suburbs." 
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Abstract— Utmost tropical nations regard the sweet potato( Ipomoea batatas(L.) Lam.) as their most 

significant chief crop. It's substantially privileged for its capability to deter disaster, improvement, and 

produce with many inputs. A study was carried out during the 2020 and 2021 growing time seasons in a field 

trial conducted at the University of Ebonyi State – CAS , to determine variability among sweet potato 

accessions, and identify traits that are positively and significantly associated with yield and accessions with 

high yield. A randomized complete block design with three replications was used to determine variability 

among sweet potato accessions, The results of both years combined statistical analysis indicated that the 

types significantly varied in terms of all yield and yield- related traits. As a result, the Umu SPO 3 acquired 

had the topmost values of average root storage in both the 2020 (5.2 cm) and 2021 (2.4 cm) growing seasons. 

In both 2020 and 2021 growing seasons and over time combined analysis, the haughtiest average root yield 

(2.67 Kg), and total root yield(8.89 t/ ha) were recorded for Koudakou. PCV was advanced than GCV 

suggesting a major environmental influence on those characters. Low heritability coupled with high, 

moderate, and low inheritable advance in percent of mean was observed in all characters. Traits considered 

in the study revealed positive and significant correlations. The grouping of accessions into two main clusters 

highlights genetic relationships among them. Understanding these relationships can help breeders identify 

potential parent lines for cross-breeding, which can lead to the development of new varieties with desirable 

traits. 

Keywords— heritability, correlation, yield-related traits, variability, breeding 

 

I. INTRODUCTION 

Starchy root and tuber crops are a significant global source 

of carbohydrates, second only to cereals. They contribute a 

substantial portion of the world's food supply, as well as 

serving as an important animal feed and raw material for 

human and industrial products (Chandrasekara & Josheph, 

2016). Storage roots like cassava and sweet potatoes, and 

edible rhizomes like canna and arrowroots, can all be 

propagated using vegetative parts, including tubers 

(potatoes and yams), stem cuttings (cassava), vine cuttings 

(sweet potatoes), and side shoots, stolons, or corm heads 

(taro and cocoyam) (Chandrasekara & Josheph, 2016; 

Mohanty et al., 2016). The importance of tropical root and 

tuber crops to global food security cannot be overstated 

(Nanbol & Namo, 2019). Sweet potato is a dicotyledonous 

plant belonging to the Convolvulaceae family. It is an 
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herbaceous perennial vine with medium-sized, sympetalous 

flowers that are frequently pale violet in color and 

alternating leaves that can have lobes or not (Alfred et al., 

2019). Sweet potatoes are storage roots with a sweet flavor 

that are largely utilized for human use (storage roots and 

leaves), with less of them being used as an industrial raw 

material and animal feed (Yan et al., 2022). Sweet potatoes 

are prized for their sweetness, high nutritional value, and 

short (3 to 4 month) growing period (Adepoju & Adejumo, 

2015). One of the top seven foods consumed worldwide is 

sweet potatoes. Because of the quantity and quality of food 

it generates, it has the ability to ensure food security, 

particularly for low-income populations (Vargas et al., 

2017). The concept of association can be effectively utilized 

to develop selection strategies for enhancing yield 

components by examining the correlation between 

quantitative and qualitative characteristics (Rahman, 2018). 

Breeders can choose the most desirable features for yield by 

using genetic indices such as heritability, genetic advance, 

genotypic, and phenotypic coefficients of variation 

(Narasimhamurthy et al., 2018).  

Sweet potato cultivars, propagation material origin, 

environment, and soil conditions significantly influence 

storage root yields across and within plants (Hayati, & 

Anhar, 2020). Alves et al. (2017) showed that although 

sweet potatoes exhibit considerable genetic variation, 

genotypes with desirable traits have been lost due to 

changes in consumption habits and limited research. It is 

still necessary to create and introduce new, high-yielding 

varieties of sweet potatoes with high dry matter and beta-

carotene content (Harriman et al., 2017). The major 

problem for low production output for sweet potato is 

inadequate supply of improved material for smallholder 

farmers (Chidozie, 2017; Nanbol & Namo, 2019). Sweet 

potato production in Nigeria has been low due to limited 

capital to boost production, use of improved planting 

materials amongst other factors (Tewe et al., 2003). The 

existence of genetic diversity in a crop population and 

proper knowledge on this divergence is of great importance 

to breeders (Bassey, 2017; Hamidah et al., 2020; Njoku et 

al., 2017). Because of this, an effort has been undertaken to 

compile background data on the level of genetic variability 

present in sweet potato genotypes (Rahman, 2018). The 

study aims to identify the best accessions for sweet potato 

cultivation, focusing on storage root yield and nutritional 

value. This will allow small-scaled farmers to enhance their 

income by supplying enough tubers to the market and for 

household consumption. In addition, breeders can select the 

most promising accessions for future growth and 

dissemination. The aim of this study is to access genetic 

diversity across sweet potato accessions and identify traits 

that are positively related with yield, thus resulting in high 

agricultural production for small-scaled farmers.  

 

II. MATERIALS AND METHODS 

A field experiment was carried out at the University of 

Ebonyi State–CAS Campus, in southeast Nigeria, between 

latitude 60° 20'N and longitude 008° 06'E, during the 2020–
2021 growth season. According to (Njoku et al., 2017) the 

average annual minimum rainfall is 1800 mm, the average 

annual maximum rainfall is 2000 mm, and the average 

annual minimum and maximum temperatures are 27°C and 

31°C, respectively, and average annual minimum and 

maximum rainfall are 1800 mm and 2000 mm, respectively. 

Relative humidity peaks at 80% during the rainy season and 

falls to 60% during the dry season, particularly during the 

Harmattan era. A total of 20 accessions were accessed in the 

study, where five accessions were from Niger and 15 were 

from Nigeria (National Root Crops Research Institute 

Umudike, Abia State (Table 1). The experiment of the study 

was in a randomized complete block design (RCBD) in 

three replications. The experimental area was 330 m2 (30 m 

long × 11 m wide). The size of individual plots was 3 m2 (3 

m long × 1 m wide) with a spacing of 0.30 m intra-row and 

0.50 m inter-row, giving one row totaling a population of 

10 plants per plot. The estimated total plant population for 

the experiment was 600 plants.  

Table 1. Background information of the 20 sweet potatoes accessions assessed for genetic diversity 

N° Acc ID Accession name Collection 

country 

Latitude Longitude Collection 

source 

Status of 

sample 

1 SP-PhD-2 BUTTER MILK Nigeria 05°29'N 07°33'E Field Landrace 

2 SP-PhD-4 NWA OYORIMA Nigeria 05°29'N 07°33'E Field Improved 

3 SP-PhD-12 DELVIA Nigeria 05°29'N 07°33'E Field Improved 

4 SP-PhD-15 Dan Bouza  Niger  13°18.260' N 002°20.253'E Field Landrace 

5 SP-PhD-29 Dan Maradi Niger  13°18.260' N 002°20.253'E Field Landrace 

6 SP-PhD-20 Koudakou 3 Niger 13°18.260' N 002°20.253'E Field Landrace 

7 SP-PhD-21 Koudakou 4 Niger 13°18.260' N 002°20.253'E Field Landrace 
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8 SP-PhD-22 Dan Maradi 2 Niger 13°47.013' N 002°59.102'E Field Landrace 

9 SP-PhD-39 EBO/SP 2 Nigeria 5°28'26'N 007°32'19''E Market Landrace 

10 SP-PhD-42 EBO/SP 5 Nigeria 5°28'26'N 007°32'19''E Market Landrace 

11 SP-PhD-46 NSPO 2012-005 Nigeria 5°28'26' N 007°32'19''E Field Advanced Line 

12 SP-PhD-34 NSPO 2012-022 Nigeria 5°28'26' N 007°32'19''E Field Advanced Line 

13 SP-PhD-56 NSPW 2012-001 Nigeria 5°28'26' N 007°32'19''E Field Advanced Line 

14 SP-PhD-52 NSPW 2012-018 Nigeria 5°28'26' N 007°32'19''E Field Advanced Line 

15 SP-PhD-62 NASPOT 8 Nigeria 5°28'26' N 007°32'19''E Field Improved 

16 SP-PhD-64 NASPOT 11 Nigeria 5°28'26' N 007°32'19''E Field Improved 

17 SP-PhD-71 LOURDES Nigeria 5°28'26' N 007°32'19''E Field Landrace 

18 SP-PhD-72 Umu SPO 3 Nigeria 5°28'26' N 007°32'19''E Field Improved 

19 SP-PhD-75 NKWO Nigeria 5°28'26' N 007°32'19''E Field Landrace 

20 SP-PhD-77 TIS-87/0087 Nigeria 5°28'26' N 007°32'19''E Field Improved 

 

2.1. Data collection 

Data on the following characters were acquired from each 

accession and replication during the experimentation.  The 

data for the quantitative traits were collected as follows: 

vine length (VL, cm) on five plants per plot, vine internode 

length (VIL, cm) on five plants during harvesting per plot, 

mature leaf length (MLL, cm) on five leaves per five plants 

per plot, mature leaf width (MLW, cm) on five plants at 

harvest, petiole length (PL, cm) on five plants at harvest, 

number of branches (NBP) per five plants at harvest, 

number of roots (NRP) on five plants at harvest, root length 

(RL, cm) on five roots per plot, root girth (RG, cm) on Root 

yield (RYP, Kg) per plant during harvest, total root yield 

(TRY, t/ha) for the entire experiment, biomass (BM, 

Kg/m2) at harvest, one day after harvest. Data were 

collected on the following qualitative traits every three 

months for five plants: plant type, vine pigmentation, 

number of leaf lobes, leaf lobe type, abaxial leaf vein 

pigmentation, mature leaf color, petiole pigmentation, 

storage root shape, storage root skin color, and storage root 

flesh color. Both quantitative and qualitative data were 

obtained based on sweet potato descriptors (Huama´n, 

1991).  

2.2. Statistical analysis 

Data were subjected to analysis of variance (ANOVA) 

using SAS software program version 9.0 (SAS, 2017) to 

determine the presence of significant variations between 

accessions. When significant differences were found, the 

means were separated using the least significant difference 

(LSD) test at a 5% level of significance. The qualitative data 

were generated using Excel. Multivariate analysis of agro-

morphological data by principal component analysis (PCA) 

was used to discriminate between the genetic diversity of 

the sweet potato accessions, and correlations between 

variables were found using correlation analysis (Sabri et al., 

2020; Chukwu et al., 2015)  

 

III. RESULTS AND DISCUSSION 

3.1 Analysis of variance and mean performance of 

sweet potato accessions during 2020 and 2021 

growing year 

The analysis of variance (ANOVA) means square values of 

accessions during 2020 and 2021 growing seasons were is 

presented in Table 2 and supplementary material Table 2. 

Over the course of several years of growth. ANOVA 

revealed significant variations in accessions by year in 80% 

of variables, but no significant differences in biomass  

(supplementary material Table 2). Based on a combined-

year analysis, Umu SPO 3 (300.15 cm), TIS-87/0087 

(255.73 cm), NSPW 2012-001 (236.02 cm), and NSPO 

2012-005 (207.06 cm) had the longest vine lengths. 

Whereas, UTY 2014-078 (37.40 cm) had the shortest vine 

length (see supplementary material Table 2). Umu SPO 3 

had the longest vine internode (6.44 cm), followed by 

NSPW 2012-001 (5.69 cm), TIS-87/0087 (4.98 cm), and 

Dan Maradi 2 (4.78 cm); UTY 2014-078 had the shortest 

(1.10 cm). In the two- years combined analysis, Accession 

TIS-87/0087 (13.84 cm) had the longest average mature leaf 

length, followed by Umu SPO 3 (13.56 cm), Koudakou 3 

(13.51 cm), and Butter Milk (13.33 cm), while UTY 2014-

078 (3.76 cm) had the shortest over-year combined length. 

In the over-year combined study, accession Koudakou 4 

(12.57 cm) had the highest mean root number per plot, 

followed by Koudakou 3 (12.00 cm), Dan Maradi (12.00 

cm), and Dan Maradi 2 (9.40 cm), while the UTY 2014-078 

(2.33 cm) and EBO/SP 5 (1.67 cm) accessions had the 
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lowest values. Koudakou 3 (2.7 Kg/m2) and Umu SPO 3 

(2.4 Kg/m2) had the largest storage root output across the 

years, followed by Koudakou 4 (2.4 Kg/m2) and Koudakou 

3 (1.9 Kg/m2). The lowest root yields were obtained for 

EBO/SP 5 (0.2 kg/m2) and UTY 2014-078 (0.0 kg/m2). 

Furthermore, the results showed that Koudakou 3 (8.9 t/ha) 

had the highest total root yield, followed by Koudakou 4 

(8.4 t/ha), Umu SPO 3 (8.0 t/ha), and Dan Maradi (5.5 t/ha). 

The lowest total root yield was seen in EBO/SP 5 (0.6 t/ha) 

and UTY 2014-078 (0.1 t/ha). 

Table 2.Combined analysis of variance for agro-morphological characteristics of the sweet potato accessions in 2020 and 

2021 growing seasons 

  Replication (Season) Year Accession  Accession*Year Error 

DF 4 1 19 19 75 

VL(cm) 5043.99ns 21427.76* 21661.028* 17859.045* 4373.03 

VIL(cm) 1.022ns 0.47ns 10.028* 8.039* 1.39 

MLL(cm) 15.23ns 88.92* 52.078* 48.58* 7.80 

MLW(cm) 1.28ns 29.80* 21.17* 29.24* 3.57 

PL(cm) 9.69ns 57.48* 55.96* 61.40* 11.40 

NBP 12.31ns 85.92* 47.894* 24.16* 10.60 

NRP 4.27ns 754.69* 52.68* 68.47* 21.058 

RL(cm) 6.34ns 757.14ns 89.024* 72.22* 20.40 

RG(cm) 7.29* 230.47* 5.65* 4.77* 1.25 

RYP(Kg) 0.51ns 1.80ns 4.019* 3.021* 0.67 

RYPP(Kg/m2) 3.15ns 5.032ns 4.96ns 5.50* 3.16 

TRY(t/ha) 6.061ns 10.38ns 45.99* 35.61* 7.54 

BM(Kg) 4103.29* 483.29* 85.15ns 117.28ns 75.81 

ns: no significant (p>0.05), *: significant (p<0.05),: VL: Vine length, VIL:  Vine internode length, MLL: Mature leaf length, 

MLLW: Mature leaf width, PL: Petiole length, NBP: Number of branch per plant, NRP: Number of roots per plant, RL: Root 

length, RG: Root girth, RYP: Root yield per plant (Kg), RYPP: Root yield per plant (Kg/m2)  TRY: Total root yield, MB: 

Biomass. 

 

3.2 Genetic variability, heritability and genetic 

advance  

The performance of the genotypes for each character is 

detailed below. The results of the study to determine the 

extent of genetic variation in relation to 17 characters are 

presented in Table 3 showing values for phenotypic 

variance (VP), genotypic variance (VG), phenotypic 

coefficient of variation (PCV), genotypic coefficient of 

variation (GCV), broad sense heritability (h2b), genetic 

advance (GA), genetic advance in percent of mean, and 

coefficient of variation (CV). The genotypic variance and 

phenotypic variance for vine length were 5762.67 and 

26034.06, respectively (Table 3). The phenotypic variance 

for vine internode length (11.42) was higher than genotypic 

variance (2.88). GCV and PCV were high (36.45 and 73.42, 

respectively) (Table 3). The heritability estimates for this 

trait were low (22.14) and there were high genetic advances 

(73.57) and low genetic advances (32.05) as a percentage of 

the mean.  The phenotypic and genotypic variances were 

59.88 and 14.76, respectively (Table 3). PCV (73.42%) and 

GCV 36.45%) were high for mature leaf length. The results 

indicated (24.74 and 5.87) phenotypic and genotypic 

variance, PCV (57.91%) and GCV (28.20%) were high for 

mature leaf width. However, the genetic advance estimates 

were low for mature leaf length and mature leaf width (3.93 

and 2.43, respectively), with a low and moderate genetic 

advance in percent of mean for mature leaf length and width 

(7.54 and 11.48%) and a less genetic advance in percent  

(7.54 and 11.48%). Furthermore, the majority of the 

parameters showed very high PCV values: vine length 

(97.07) and vine internode length (83.00); high for root girth 

(145.34), number of roots per plant (116.47), biomass 

(104.75), and total root yield (234.39). GCV was high, 

however, for the following: number of branches per plant 

(42.81), number of roots per plant (44.04), root length 

(42.95), biomass (14.56), root yield per plot (107.02), total 

root yield (114.70), root girth (66.97), petiole length 

(33.79).  Consequently, petiole length, number of roots per 

plot, number of branches per plant, root length, root girth, 
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root yield per plot, total root yield, and biomass were shown 

to have low values for the heritability estimate in a broad 

sense. For root yield, genetic advance as a percentage of 

mean was high (26.43). Additionally, for root girth (20.35), 

mature leaf length (11.48), and vine internode length 

(17.50), it was moderate; however, for petiole length (6.66), 

number of branches per plat (6.99), number of roots per 

plant (4.80), root length (5.06), total root yield (7.85), and 

biomass (0.59), the results showed very low genetic 

advance. 

Table 3. Estimation of genetic parameters, heritability, and genetic advance for agro-morphological characters of the sweet 

potatoes 

 

Characters Mean 
CV 

(%) 
GMS EMS 

VG 

(δ2g) VP (δ2p) GCV 

(%) 

PCV 

(%) 

Heritability 

h2bs (%)  

VL(cm) 166.23 39.78 21661.03 4373.03 5762.67 26034.06 45.67 97.07 22.14 

VIL(cm) 4.07 28.97 10.03 1.39 2.88 11.42 41.68 83 25.21 

MLL(cm) 10.54 26.5 52.08 7.8 14.76 59.88 36.45 73.42 24.65 

MLW(cm) 8.59 21.99 21.17 3.57 5.87 24.74 28.2 57.91 23.72 

PL(cm) 11.41 29.61 55.96 11.4 14.85 67.36 33.79 71.96 22.05 

NBP 8.24 39.52 47.89 10.6 12.43 58.49 42.81 92.86 21.26 

NRP 7.37 62.24 52.7 21.06 10.55 73.76 44.04 116.47 14.3 

RL(cm) 11.13 40.56 89.02 20.4 22.87 109.42 42.95 93.95 20.9 

RG(cm) 1.81 61.92 5.65 1.25 1.46 6.9 66.97 145.34 21.23 

RYP(Kg) 0.99 83.09 4.01 0.67 1.11 4.68 107.02 219.47 23.78 

RYPP(Kg/m2) 0.49 365.4 4.96 3.16 0.6 8.12 158.96 585.52 7.37 

Characters Mean 
CV 

(%) 
GMS EMS 

VG 

(δ2g) 
VP 

(δ2p) 
GCV 

(%) 

PCV 

(%) 

Heritabili

ty h2bs 

(%)  

GA 
GA

% 
 

VL(cm) 
166.2

3 
39.78 

21661.0

3 

4373.0

3 
5762.67 

26034.0

6 
45.67 97.07 22.14 

73.5

7 
0.34  

VIL(cm) 4.07 28.97 10.03 1.39 2.88 11.42 41.68 83 25.21 1.76 17.5  

MLL(cm) 10.54 26.5 52.08 7.8 14.76 59.88 36.45 73.42 24.65 3.93 7.54  

MLW(cm) 8.59 21.99 21.17 3.57 5.87 24.74 28.2 57.91 23.72 2.43 11.48  

PL(cm) 11.41 29.61 55.96 11.4 14.85 67.36 33.79 71.96 22.05 3.73 6.66  

NBP 8.24 39.52 47.89 10.6 12.43 58.49 42.81 92.86 21.26 3.35 6.99  

NRP 7.37 62.24 52.7 21.06 10.55 73.76 44.04 116.47 14.3 2.53 4.8  

RL(cm) 11.13 40.56 89.02 20.4 22.87 109.42 42.95 93.95 20.9 4.5 5.06  

RG(cm) 1.81 61.92 5.65 1.25 1.46 6.9 66.97 145.34 21.23 1.15 20.35  

RYP(Kg) 0.99 83.09 4.01 0.67 1.11 4.68 107.02 219.47 23.78 1.06 26.43  

RYPP(Kg/m
2) 

0.49 365.4 4.96 3.16 0.6 8.12 158.96 585.52 7.37 0.43 8.73  

TRY(t/ha) 3.12 87.95 45.99 7.54 12.82 53.53 114.7 234.39 23.95 3.61 7.85  

BM(Kg) 12.11 71.89 85.15 75.81 3.11 160.96 14.56 104.75 1.93 0.51 0.59  
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TRY(t/ha) 3.12 87.95 45.99 7.54 12.82 53.53 114.7 234.39 23.95 

BM(Kg) 12.11 71.89 85.15 75.81 3.11 160.96 14.56 104.75 1.93 

CV: Coefficient of variation, GMS: Genotypic mean sum of squares, EMS: Error mean sum of squares, VG: Genotypic 

variance, VP: Phenotypic variance, PCV: Phenotypic coefficient variation, GCV: Genotypic coefficient variation, h2
bs: 

Heritability broad sense, GA: Genetic advance, GA (%): Genetic advance as percentage of mean. VL: Vine length, VIL:  Vine 

internode length, MLL: Mature leaf length, MLLW: Mature leaf width, PL: Petiole length, NBP: Number of branches per 

plant, NRP: Number of roots per plant, RL: Root length, RG: Root girth, RYP: Root yield per plant (Kg), RYPP: Root yield 

per plant (Kg/m2) TRY: Total root yield (t/ha), MB: Biomass (Kg/m2),  

 

3.3 Pearson Correlation Coefficients 

In the year combined analysis, the study found that there 

was a significant and positive correlation between vine 

length and the following variables: vine internode length 

(0.83), mature leaf length (0.67), mature leaf width (0.65), 

petiole length (0.49), number of branches per plant (0.38), 

number of roots per plot (0.21), root length (0.36), root yield 

per plot (0.34), total root yield (0.33). On the other hand, 

there was a positive non-significant correlation between 

vine length and root girth (0.12), and biomass (0.041). 

Mature leaf length (MLL) also showed a significant 

correlation with mature leaf width (0.79), petiole length 

(0.61), number of branches per plant (0.55), number of roots 

per plant (0.28), root length (0.47), root yield per plot (0.36), 

total root yield (0.36) and biomass (0.29) in the two-year 

combined analysis. Nonetheless, MLL exhibited a non-

significant positive association (-0.0069) and a negative 

correlation (0.17) with root girth and bloom width, 

respectively. Additionally, throughout the 2020 and 2021 

growth seasons, there was a substantial positive association 

between the number of roots per plot and all morphological 

features. 

Table 4. Pearson correlation coefficients of different morphological traits of the 20 sweet potato accessions during 2020 and 

2021 growing years 

ns: not significant (p>0.05), *: significant (p<0.05),: VL: Vine length, VIL:  Vine internode length, MLL: Mature leaf length, 

MLLW: Mature leaf width, PL: Petiole length, NBP: Number of branch per plant, NRP: Number of roots per plant, RL: Root 

length (cm), RG: Root girth (cm), RYP: Root yield per plant (Kg), RYPP: Root yield per plant (Kg/m2)  TRY: Total root yield 

(t/ha), BM: Biomass (Kg), 

 

3.4 Multivariate analysis 

3.4.1 Principal component analysis (CPA) 

The study found that four major components with 

eigenvalues equal to or greater than one explained 83.03% 

of the variability. PC1 contributed 55.8% of total diversity, 

representing individual variables. PC2 contributed 

14.87%, representing two variables. PC3 contributed 

6.77%, and PC4 contributed 5.59%, representing three 

individual variables. These components represent the 

equivalent of individual variables. Twenty accessions were 

Traits VL VIL MLL MLW PL NBP NRP RL RG RYP RYPP TRY BM 

VL 1 0.83* 0.67* 0.65* 0.49* 0.38* 0.21* 0.36* 0.12ns 0.34* 0.084ns 0.33* 0.041ns 

VIL  1 0.71* 0.71* 0.57* 0.51* 0.36* 0.43* 0.25* 0.43* 0.12ns 0.41* 0.24* 

MILL   1 0.79* 0.61* 0.55* 0.28* 0.47* -0.0069ns 0.36* 0.095ns 0.36* 0.29* 

MILW   1 0.79* 0.58* 0.41* 0.56* 0.23* 0.28* 0.12ns 0.27* 0.27* 

PL     1 0.49* 0.32* 0.45* 0.21* 0.25* 0.11ns 0.24* 0.18* 

NBP      1 0.46* 0.42* 0.32* 0.27* 0.55* 0.29* 0.28* 

NRP       1 0.64* 0.59* 0.71* 0.33* 0.69* 0.27* 

RL        1 0.49* 0.57* 0.060ns 0.53* 0.22* 

RG         1 0.55* 0.30* 0.49* 0.071NS 

RYP          1 0.29* 0.97* 0.19* 

RYPP           1 0.35* 0.14NS 

TRY            1 0.22* 

BM             1 
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tested.  (Table 5).The study found four major components, 

PC1, PC2, PC3, and PC4, accounting for 73.08% of 

variability.  

Table 5. Principal component analysis of 20 sweet potato accessions 

Traits PC1 PC2 PC3 

MLL(cm) -0.28693 -0.08038 0.03593 

MLW(cm) -0.27612 -0.11509 -0.05132 

NBP -0.26595 0.1789 -0.2321 

NRP -0.25476 0.20967 -0.07919 

PL(cm) -0.24396 0.07868 -0.26208 

RG(cm) -0.20994 0.25859 0.10867 

RL(cm) -0.26595 -0.16855 0.20654 

RYPP(Kg/m2) 0.09656 0.21789 0.58393 

RYP(Kg) -0.16045 0.43399 0.29576 

TRY(t/ha) -0.12868 0.47411 0.20239 

VIL(cm) -0.28137 -0.00693 0.02524 

VL(cm) -0.22447 -0.09476 0.10727 

BM(Kg) -0.21298 -0.03746 0.05969 

D50F 0.27428 -0.12245 0.01119 

D50S -0.27225 -0.16102 0.06469 

D80M -0.22983 -0.18865 -0.07801 

FL(cm) -0.19275 -0.15485 -0.05499 

FW(cm) -0.1401 0.39703 -0.42509 

Eigenvalue 10.602 2.825 1.286 

PV 55.8 14.87 6.77 

VL: Vine length, VIL:  Vine internode length, MLL: Mature leaf length, MLLW: Mature leaf width, PL: Petiole length, NBP: 

Number of branch per plant, NRP: Number of roots per plant, RL: Root length, RG: Root girth, RYP: Root yield per plant 

(Kg), RYPP: Root yield per plant (Kg/m2) TRY: Total root yield, MB: Biomass, FL: Flower length, FW: Flower width, 

D50S: Days to 50% sprouting, D50F: Days to 50% flowering, D80M: Days to 80% maturity. PV: Percentage variation 

 

IV. DISCUSSION 

4.1 Analysis of variance and mean performance of 

sweet potato accessions during 2020 and 2021 

growing year 

Accessions Umu SPO 3, TIS-87/0087 NSPW 2012-001 and 

NSPO 2012-005 were superior in vine length, vine 

internode length and mature leaf size. In his examination of 

five sweet potato varieties. Nazrul (2018) also noted a 

significant variance in the length of the sweet potato vine, 

which varied from 119 cm to 192.3 cm. Koudakou 3, 

Koudakou 4, Dan Maradi 2, and Umu SPO 3 demonstrated 

superior performance in root number, root yield, and total 

yield, while EBO/SP 5 and NSPO 2012-005 showed 

insufficient results. Awel (2018) found variations in the 

average number of roots per plot, with Kulfo varieties 

having the lowest average root number per plot and local 

and Beletech varieties having the highest. Sora (2021) also 

noted a significant variation in the number of roots per 

plant. The study found that accession Dan Maradi, 

Koudakou 3, Umu SPO 3, NSPW 2012-001, and TIS-

87/0087 had the longest and widest roots, while UTY 2014-

078, Nwa Oyorima, and EBO/SP had the lowest value. In 

line with our results, Sora (2021) reported that root length 
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varied among the genotypes significantly and ranged from 

8.9 cm to 24.8cm.  

1.1 Genetic variability, heritability and genetic 

advance  

High PCV values were observed for traits such as total root 

yield, root yield per plant, root girth, number of roots per 

plant, biomass, vine length, and vine internode length. GCV 

was high for root yield per plant, root yield per plot, total 

root yield, root girth, petiole length, and number of branches 

per plat, number of roots per plot, and root length. However, 

GCV moderate for biomass. Mohammed et al. (2015) The 

study found that vine length had a higher genetic advance 

percentage, while vine length had less heritability and a 

lower genetic advance mean. Alemu and Aragaw (2016) 

study on three sweet potato varieties and eight introductions 

revealed that genotypic coefficients of variation were 

smaller than phenotypic coefficients of variation. 

1.2 Pearson Correlation Coefficients 

The study found a positive correlation between root length, 

root girth, root yield, biomass (Table 4). The results showed 

a positive correlation with most traits, except for biomass, 

which showed a positive non-significant correlation (Table 

4). The 2020 and 2021 growing seasons showed a positive 

correlation between total root yield, and biomass (Table 4). 

Total root output, biomass ,all had positive correlations 

throughout the 2020 and 2021 growing seasons.  

These outcomes concur with those attained by Ochieng, 

(2019) and Apon (2016) found a strong positive correlation 

between vine growth rate, mature leaf size, root yield, 

storage root diameter, and storage rootstalk length. 

However, vine internode length had a negative correlation 

with biomass. These outcomes concur with the conclusions 

of other researchers (Nwaigwe et al., 2016; Dash et al., 

2015; Shrestha, 2016).  Apon (2016) and Chukwu et al. 

(2022) also reported that number of roots per plot had 

positive direct effects on storage root yield. These results 

are in agreement with those reported by Mohanty et al., 

(2016) study found that stored root production per hectare 

is influenced by plant number, root length, root yield, and 

starch content, aiding breeders in selecting positive traits 

and reducing breeding costs and time. 

1.3 Principal component analysis (CPA) 

PC1 is well correlated with leaf characteristics, such as leaf 

general outline, and mature leaf length and leaf width while 

PC2 correlated with flowering rate, root maturity and total 

root production. These results are in line with those obtained 

by . Placide et al. (2015) who employed PCA to examine 

the variation among 54 sweet potato genotypes and 

discovered that the first seven main component axes had a 

cumulative variance of 77.83%. There was sufficient 

variation across the genotypes for our findings . The cluster 

analysis separated the 20 accessions into two clusters. 

Cluster 1 consisted of 12 accessions and cluster 2 consisted 

eight accessions. In a cluster, study of elite sweet potato 

genotypes from Tanzania for high dry matter content and 

resistance to the sweet potato viral diseases. Tairo et al. 

(2008) found two main groups with a low genetic similarity 

of 0.52. Both of the accession's genes could be utilized to 

create superior sweet potato varieties that are enhanced for 

high production potential. The 20 genotypes were grouped 

into two main groups demonstrating a genetic link between 

accessions. In contrast, cluster analysis of 116 genotypes in 

another study produced 12 groupings Mohammed et al., 

2015; Chukwu et al 2015).  

 

V. CONCLUSION 

The study reveals significant differences in observed 

characteristics and variance results among 20 sweet potato 

accessions. It suggests Koudakou 3, Koudakou 4, Dan 

Maradi 2, TIS-87/0087, Butter Milk, and Dan Bouza as 

potential parents for genetic improvement and breeding for 

yield enhancement, based on their widely cultivated history. 

The majority of the investigated characters had low genetic 

progress as a percentage of mean, weak heritability, and 

greater phenotypic coefficients of variation than genotypic 

coefficients of variation, according to the study's findings. 

Additionally, accessions Koudakou 3, NSPO 2012-005, 

Dan Maradi, and Koudakou 4 are great choices for animal 

feed due to their superior vegetative growth performance. 
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Abstract— The investigation was conducted on mango at College of Horticulture, Dapoli, Dist. Ratnagiri 

(MS) during the year 2020-21 to assess the effect of special horticultural practices on physical and chemical 

parameters in fruit of mango (Mangifera indica L.) cv. Ratna. The experiment was laid out in RBD with three 

replications and ten treatments viz; girdling on first fortnight of October (T1), girdling on first fortnight of 

November (T2), girdling on first fortnight of October and November (T3), girdling on first fortnight of October 

and tip pruning (T4), girdling on first fortnight of November and tip pruning (T5), girdling on first fortnight 

of October and November and tip pruning (T6), tip pruning (T7), removal of new shoots below old shoot (T8), 

smudging (T9) and control (T10). Treatment girdling on first fortnight of October and November and tip 

pruning resulted highest fruit weight, fruit length, fruit diameter, pulp weight, pulp stone ratio at harvest 

stage and ripe stage. The chemical parameter TSS, reducing sugar, total sugar, acidity, pH and ascorbic 

acid were non-significant at both stages. 

Keywords— Ratna, Mango, Girdling, Tip pruning, TSS, pH and Ascorbic acid 

 

I. INTRODUCTION 

The mango (Mangifera indica L.) is an important 

commercial fruit crop grown in tropical and subtropical 

region of the country. Mango is autotetraploid or 

amphidiploid in nature belongs to family Anacardiaceae 

and genus Mangifera. In India, almost all commercial 

cultivars are belonging to single species Mangifera indica 

L. It is originated from the Indo-Burma region. Among the 

various commercial varieties, the variety Ratna was 

developed by DBSKKV, Dapoli (M.S.) and it is regular 

bearer. The tree of Ratna is semi-dwarf in nature and the 

fruits is large ovate in shape (400-500g) with firm and 

fibreless deep orange colour pulp. Girdling is well known 

method to induce flower buds and fruiting in fruit crops, 

girdling or ringing is one of the horticultural practice 

methods which stops the downward flow of sap through 

phloem which enhance the flowering, fruit set and fruit size 

in horticulture plants. Girdling is the removal of the bark in 

a circular manner of either branch of the plant or woody 

plant. Late flowering leads to delayed fruit development and 

harvesting. Pruning is an science and art of removing some 

plant part or cutting of infected plant parts for better and 

valuable growth. Shoot pruning reduce the auxin synthesis 

at the apex of the branches, directing the transport of 

assimilates and cytokinin9s to the axillary buds of branches 
under flowering condition, including the formation of 

axillary inflorescence (Srivastava, 2002). Mango flowers 

can be induced through smudging, an ancient technique. 

This method is used in some regions of the Philippines to 

get 'Carabao' and 'Pico' mangoes to flower early. It has been 

determined that the active ingredient in smearing that causes 

flowering is ethylene (Dutcher, 1972). 
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II. MATERIAL AND METHODS 

A field experiment was conducted on 30 years old mango 

trees (cv. Ratna) at college of horticulture, Dr. Balasaheb 

Sawant Konkan Krishi Vidyapeeth, Dapoli, Dist. Ratnagiri 

(M.S.) India, Pin- 415712 located between 17°459 N 
latitude and 73°129 E longitude on West coast of 
Maharashtra. It has an altitude of 240 m from the MSL. The 

experiment laid out in randomized block design with three 

replications and ten treatments viz., girdling on first 

fortnight of October (T1), girdling on first fortnight of 

November (T2), girdling on first fortnight of October and 

November (T3), girdling on first fortnight of October and tip 

pruning (T4), girdling on first fortnight of November and tip 

pruning (T5), girdling on first fortnight of October and 

November and tip pruning (T6), tip pruning (T7), removal of 

new shoots below old shoot (T8), smudging (T9) and control 

(T10). Each treatment was given two trees. The girdling was 

done on tertiary branches of experimental tree by giving 

circular deep cut with help of sharp knife as per treatments. 

The total 50 branches were girdled per experimental plant. 

On these plants vegetative shoots were emerged in month 

of November of the total new shoots. 200 shoots per 

experimental plant were removed at the point of emergence 

of mature shoots. The smudging was done in month of 

December. During smudging, the colour of newly emerged 

shoots was light green. Smudging was done early in the 

morning. In the previous day the material like rice straw, 

dry residues of plant were collected at the base of plant 

canopy. Then next day early in the morning smudging was 

done for about 2 hours. The entire process of smudging was 

performed four times at four days interval. The data on 

average weight fruit (g), fruit length (cm), fruit diameter 

(cm), pulp weight (g), pulp to stone ratio at harvest stage 

and ripe stage were recorded. The chemical parameters viz; 

TSS(°B), reducing sugars (%), total sugar (%), acidity (%) 

pH and ascorbic acid (mg/100g) were recorded. The 

reducing sugar were estimated by using Lane and Eynon 

(1923) method, total sugar was estimated by method given 

Ranganna (1977) and ascorbic acid content of sample was 

determined by 2,6- dichlorophenol indophenols titration 

method described by Rao and Deshpande (2006). The data 

were analysed by the using statistical methods suggested by 

Panse and Sukhatme (1995). 

 

III. RESULT AND DISCUSSION 

The data on effect of girdling, tip pruning and smudging on 

physical and chemical parameter of fruits of mango cv. 

Ratna at harvest and ripe stage. The data are illustrated in 

Table no. 1(a), 1(b), 2(a) and 2(b) respectively. 

Fruit weight, Fruit Length and Diameter at harvest 

stage   

The largest fruit were observed in treatment girdling on first 

fortnight of October and November and tip pruning 

(448.27g). The highest fruit length (12.93cm) and 

maximum fruit diameter (9.55cm) were reported in this 

treatment. According to Ghadge et al. (2017) observed 

significantly maximum fruit weight (310.66g) with 1.50 cm 

of girdling width. Nabila et al. (2015) found highest fruit 

length (2.63 and 2.80) during 2009 and 2010 respectively 

because of girdling during April in both seasons of the 

study. Warang (2019) and Nachare (2020) also observed the 

same results. Improvement in fruit size due to pruning was 

observed in mango by Fivaz and Stassen, (1997) in mango 

cv. Sensation. El- sherbini (1992) concluded that fruit 

diameter and size significantly increased by girdling at stage 

II of peach cv. Riogrande. The girdling in first fortnight of 

October did not improve average fruit weight, fruit length 

and fruit diameter may be due to excess of shoots on tree it 

may cause lower interception of sunlight inside the canopy 

which results lower photosynthesis rate and lower supply of 

photosynthate to fruit. According to E. Lahav et al. (1972) 

due to girdling fruit weight decreases (265g) as compared 

to control (326g) in 8Ettinger9 cultivar of avocado. Also 

smudging treatment did not influence on fruit weight, length 

and diameter of mango cv. Ratna. Smudging practice could 

be location specific and induces flowers only if shoot is in 

condition to flower. These inferences indicate that this 

technique could not work under changing climatic condition 

of Konkan region. 

Pulp weight and Pulp to Stone ratio at harvest stage. 

The highest pulp weight (341.03g) observed in treatment 

first fortnight of November and tip pruning and had 

maximum pulp to stone ratio (6.24) seen in the same 

treatment. Ghadage et al. (2017) reported significantly 

maximum volume of pulp (190.55 ml) was obtained with 

1.50 cm of girdling width. The girdling on 15th July (T1) 

produced significantly maximum pulp volume (184.73ml) 

in mango cv. Alphonso. Similar results with respect to pulp 

weight (g) and pulp stone ratio were also reported by 

Bhanupratap et al. (2009) in mango cv. Amrapali. Nachare 

(2020) found maximum weight of pulp (346.40g) in 

girdling on first fortnight of the September and tip pruning 

(removal of new shoots) in mango cv. Ratna. However, 

Soudagar et al. (2018) reported that the pulp weight and 

pulp to stone ratio did not vary due to tip pruning treatments. 

The lower pulp weight and pulp to stone ratio by girdling in 

first fortnight of October and smudging can be attributed to 

minimum fruit size and maximum stone weight. 
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Table No.1 a) Effect of girdling, tip pruning and smudging on physical parameters of fruit of mango cv. Ratna at harvest 

stage. 

Treatments 

Physical parameters at harvest stage 

Avg. fruit 

weight 

(g) 

Fruit 

length 

(cm) 

Fruit diameter 

(cm) 
Pulp weight (g) 

Pulp to stone 

ratio 

T1 405.23 10.22 8.24 270.67 4.49 

T2 407.90 10.72 8.25 280.33 4.87 

T3 408.63 11.41 9.15 279.37 4.67 

T4 425.10 11.33 9.21 307.20 4.68 

T5 446.53 12.60 9.30 341.03 6.24 

T6 448.27 12.93 9.55 337.03 6.08 

T7 437.17 12.18 8.79 308.20 5.54 

T8 445.43 12.43 9.38 323.60 5.65 

T9 403.87 10.34 8.16 249.20 4.06 

T10 374.27 9.53 7.90 243.21 3.95 

Mean 420.24 11.37 8.79 293.98 5.02 

SEm ± 1.15 0.24 0.10 3.66 0.12 

CD @ 5% 3.42 0.72 0.31 10.87 0.35 

 

Table No.1 b) Effect of girdling, tip pruning and smudging on physical parameters of fruit of mango cv. Ratna at ripe stage. 

Treatments 

Physical parameters at ripe stage 

Fruit weight 

(g) 
Pulp weight (g) Pulp to stone ratio 

T1 387.63 254.80 4.10 

T2 389.37 258.93 4.47 

T3 392.73 257.87 4.42 

T4 404.73 290.43 4.35 

T5 414.77 308.17 6.11 

T6 418.60 325.13 5.71 

T7 407.43 290.30 5.22 

T8 411.43 307.63 5.13 

T9 362.63 217.20 3.97 

T10 341.43 220.93 3.74 

Mean 393.08 273.14 4.72 

SEm ± 3.62 2.34 0.08 

CD @ 5% 10.75 6.96 0.23 
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Fruit weight, Pulp weight and pulp to stone ratio at ripe 

stage 

The maximum fruit weight (418.60g) and pulp weight 

(325.13g) were reported in treatment girdling on first 

fortnight of October and November and removal of new 

shoots at ripe stage and maximum pulp to stone ratio 

observed in treatment girdling on first fortnight of 

November and tip pruning. There was increase in weight of 

fruit (g), pulp weight (g) and pulp stone ratio of mango cv. 

Ratna due to effect of girdling and tip pruning (removal of 

new shoots). The results in the present investigation are in 

confirmation with findings of Gopu et al. (2014) in mango 

cv. Alphonso; Warang et al. (2019) in mango cv. Alphonso; 

Nachare et al. (2020) in mango cv. Ratna. However, 

Soudagar et al. (2018) reported non-significant effect of tip 

pruning on mango on fruit length and diameter cv. 

Alphonso. 

 

TSS, reducing sugar, total sugar, acidity, pH and 

ascorbic acid. 

The effect girdling, tip pruning and smudging does not 

significantly observe on TSS, reducing sugar, total sugar, 

acidity, pH and ascorbic acid in fruit at harvest stage and 

ripe stage. Removal of new shoots, girdling and smudging 

did not affect TSS, reducing and total sugars of fruit at 

harvest and ripe stage. Shinde et al. (2014) also reported that 

the different girdling time had non-significant effect on 

TSS, titratable acidity, reducing sugar, total sugars, and 

ascorbic acid of fruits in mango cv. Alphonso. Warang et 

al. (2019) found that effect of girdling and removal of new 

shoot had non-significant effect on acidity, pH and ascorbic 

acid of fruits in mango cv. Alphonso. Nachare (2020) 

reported that effect of girdling and tip pruning had non-

significant effect on acidity, pH and ascorbic acid of fruits 

in mango cv. Ratna. 

Table No.2 a) Effect of girdling, tip pruning and smudging on chemical parameters of fruit of mango cv. Ratna at harvest 

stage. 

Treatments 

Chemical parameters at harvest stage 

TSS 

(0B) 

Reducing 

sugar (%) 

Total 

Sugar 

(%) 

Acidity  

(%) 
pH 

Ascorbic acid 

(mg/100g) 

T1 10.27 1.43 3.33 2.65 2.93 66.40 

T2 9.83 1.61 3.15 3.25 2.43 65.30 

T3 10.50 1.49 3.28 2.77 2.73 68.87 

T4 10.67 1.25 3.31 2.96 2.92 65.33 

T5 10.37 1.55 3.41 3.27 2.60 76.27 

T6 10.20 1.90 3.40 3.20 2.63 74.57 

T7 10.70 1.75 3.35 3.53 2.80 65.50 

T8 10.63 1.83 3.40 3.23 2.60 66.63 

T9 10.35 1.66 3.30 3.17 2.60 70.87 

T10 10.23 1.36 3.17 3.24 2.77 71.87 

Mean 10.38 1.58 3.31 3.13 2.70 69.16 

SEm ± 0.23 0.14 0.13 0.18 0.14 2.93 

CD @ 5% NS NS NS NS NS NS 

 

IV. CONCLUSION 

From these findings, it can be concluded that girdling, tip 

pruning (removal of new shoots) and smudging in mango 

cv. Ratna is beneficial for increasing length of fruit, 

diameter of fruit, weight of fruit, pulp weight and pulp stone 

ratio at harvest and ripe stage. The girdling, tip pruning 

(removal of new shoots) and smudging does not influence 

the chemical parameters viz; TSS, reducing sugar, total 

sugar, acidity, pH and ascorbic acid in the fruits of mango 

at both stages. 
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Table No.2 b) Effect of girdling, tip pruning and smudging on chemical parameters of fruit of mango cv. Ratna at ripe stage. 

Treatments 

Chemical parameters at ripe stage 

TSS 

(0B) 

Reducing 

sugar (%) 

Total 

Sugar 

(%) 

Acidity  

(%) 
pH 

Ascorbic acid 

(mg/100g) 

T1 21.17 3.15 12.53 0.22 4.50 50.65 

T2 21.88 4.13 14.20 0.18 4.80 56.16 

T3 20.79 3.29 12.63 0.19 4.13 59.07 

T4 22.47 2.75 12.87 0.23 4.37 57.19 

T5 21.81 4.10 13.80 0.18 4.53 51.33 

T6 21.44 3.37 14.83 0.19 4.90 52.47 

T7 22.54 3.27 14.30 0.20 4.60 53.70 

T8 22.39 3.05 13.90 0.20 4.33 54.83 

T9 21.78 2.57 12.47 0.21 4.07 56.20 

T10 21.51 2.70 12.53 0.22 4.23 47.47 

Mean 21.78 3.24 13.41 0.20 4.45 53.91 

SEm ± 0.44 0.30 0.68 0.03 0.20 3.14 

CD @ 5% NS NS NS NS NS NS 

 

REFERENCES 

[1] Bhanupratap, Singh, S.K, Singh, H.K., Gaurav, S.S., & 

Shashi Bala. (2009). Effect of pruning on physico-chemical 

properties of mango cv. Amrapali under high density 

orcharding. Annals of Horti., 2(1): 62-64. 

[2] Dutcher, R.D. 1972. Induction of early flowering in 

'Carabao' mango in the Philippines by smudging and 

ethephon application. Hort. Science. 7: 343. 

[3] El-Sherbini, N. R. (1992). Effect of girdling on hastening 

fruit maturity and quality of some peach cultivars. Bulletin 

of faculty of Agriculture, University of Cairo, 43: 723-753. 

[4] Fivaz, J., P.J.C. Stassen and H.G. Grove, (1997). Pruning and 

training strategies for Tommy Atkins and Sensation mango 

trees in higher density hedgerow systems. S. Afr. Mango 

Growers’ Assoc. Yearbook, 17: 37-40. 

[5] Ghadage, N. J., Patil, S. J., Khopade, R. Y., Shah, N. I. and 

Hiray, S. A. (2017). Effect of time and width of girdling on 

flowering and yield of mango (Mangifera indica L.) cv. 

Alphonso. International Journal of Chemical Studies; 5(6): 

1580-1583. 

[6] Gopu, B., Balamohan, T. N., Soman, P. and Jeyakumar, P. 

(2014). Canopy management in mango (Mangifera indica 

L.) cv. Alphonso with reference to flowering, yield and 

quality characters under ultra-high-density planting. Journal 

of Applied Horticulture., 16(1): 50-53. 

[7] Lahav, E., Gefen B. and Zamet, D. (1971-72). The effect of 

girdling on fruit quality, phenology and mineral analysis of 

the avocado tree. California Avocado Society. Yearbook 55: 

162-169. 

[8] Lane, J. H. and Eyon, L. (1923). Determination of reducing 

sugars by Felhing9s solution with methylene blue as internal 
indicator. J. Soc. Chem. Ind., 42: 32. 

[9] Nabila, E. K., AbouRayya, M. S. and Thanaa, S. M. (2015). 

Productivity of Manzanillo olive cultivar as affected by 

girdling times. International Journal of Chem Tech 

Research, 8(9): 272-278. 

[10] Nachare, S. (2020). Effect of various non-chemical means on 

induction of flowering, fruit set and yield of mango 

(Mangifera indica L.) cv. Ratna. M.Sc. Thesis, 

Dr.B.S.K.K.V. Dapoli, India. 

[11] Panse, V. G. and Sukhatme, P. V. (1995). Statistical methods 

for Agricultural Workers. ICAR Rev. Ed. By Sukhatme, P. 

V. and Amble, V. N. pp. 97 - 156. 

[12] Ranganna, S. (1977). Manual of analysis of fruit and 

vegetable products. Tata Mc. Graw- Hill Publishing 

Company Ltd., New Delhi: 201-208. 

[13] Rao, B. and Deshpande, V. (2006).  Experimental 

biochemistry. Tunbridge Wells, Kent: Anshan. 

[14] Shinde, V. V., Dubale, J. J., Haldankar, P. M., Parulaker, Y. 

R. and Thorat, S. B. (2014) Effect of ringing on flowering 

and yield of mango (Mangifera indica L.) cv. Alphonso. 

Asian Resonance, 3(3): 115-117. 

[15] Soudagar, T. P., Haldankar, P. M., Parulekar, Y. R., Dalvi, 

V. V. and Ghule, V. S. (2018). Study on effect of tip pruning 

on induction of flowering and harvesting in Alphonso 

mango. Indian J. Hort. 75(4), December 2018: 709-712. 

[16] Srivastava, L. M. (2002). Plant growth and development: 

hormones and the environment. New York: Academic Press. 

[17] Warang O. S. (2019) Effect of girdling and removal of new 

shoots on induction of flowering, fruit set and yield of mango 

(Mangifera indica L.) cv. Alphonso. M.Sc. Thesis, 

Dr.B.S.K.K.V. Dapoli, India. 

https://dx.doi.org/10.22161/ijeab.95.10


 

Interna琀椀onal Journal of Environment, Agriculture and Biotechnology 

Vol-9, Issue-5; Sep-Oct, 2024 

Peer-Reviewed Interna琀椀onal Journal 
Journal Home Page Available: h琀琀ps://ijeab.com/ 

Journal DOI: 10.22161/ijeab 
 

 

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.95.11                                                                                                                                               101 

Effect of International Fund for Agricultural Development 
(IFAD) on Community-Based Development Programme on 
Rural Livelihood in Katsina State, Nigeria 

Muntaka M.*, Ibrahim M., Ali A. 
 

*Department of Agricultural Extension and Rural Development, Department of Animal Science, Federal University, Dutsin-Ma, P.M.B 5001, 
Dutsin-Ma, Nigeria.  
*Correspondence author: Ibrahim M; Email: mibrahim22@fudutsinma.edu.ng 

 
Received: 23 Jul 2024; Received in revised form: 25 Aug 2024; Accepted: 03 Sep 2024; Available online: 10 Sep 2024 

©2024 The Author(s). Published by Infogain Publication. This is an open-access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

Abstract— Rural development is a veritable tool for fighting poverty and achieving economic prosperity at 
the grassroots level. The major thrust of this study was to examine the effect of IFAD Community-Based 

Agricultural and Rural Development Programme on Rural Livelihood in Katsina State, Nigeria. Specifically, 
the study described the socio- economic characteristics of respondents; identified and described the basic 
infrastructure provided; determined the effect of infrastructure provided on livelihood of respondents; 
determined the satisfaction level with the infrastructure provided in the communities and identified and 
described the constraints to effective performance of IFAD-CBARDP in the study area. A structured 
questionnaire was used to elicit primary data from 278 respondents. Secondary data were the baseline data 
of IFAD-CBARDP. Descriptive and inferential statistics (t-test) were utilized for analyses. The findings 
revealed that, majorities (51%) of respondents were males, with average age of 40 years. About 97% were 
married, having a household size of between 5-10 persons, with about 68% of the respondent having an 
educational attainment of primary and secondary school. The result revealed that IFAD-CBARDP had 
impacted significantly (P 0.1) on the income of respondents at 10% level of probability. The programme had 
also recorded an increase in the number of assets and employment opportunities provided, after the first 
phase of the Programme implementation. Satisfaction level of respondents with the infrastructure provided 

was generally satisfactory. Nevertheless, low level of awareness, cultural factors and inadequate capital 
were the major constraints to effective performance of the Programme. It is therefore recommended that 
IFAD-CBARDP should be replicated in other Local Government Areas of the State for wider livelihood 
improvement. Programme planners and implementers should intensify awareness creation among rural 
dwellers and adopt the use of Community Driven Development approach (CDD) in the execution of Rural 
Development projects with poverty alleviation thrust as in the case of IFAD-CBARDP. 

Keywords— Rural development, Economic prosperity, poverty alleviation, IFAD-CBARDP 

 

I. INTRODUCTION 

Majority of the world’s population live in rural areas where 
they are engaged in agriculture (Taimi, 2018). Developing 
countries and their rural areas in particular are characterized 
by poverty, unemployment, unequal distribution of 
resources, acute shortage of social, physical institutional 
infrastructure and increasing rural-urban drift (Williams, 
2017). While Poverty is real, endemic and devastating, 

Nigeria’s rural population accounts for over 70 percent of 
poor households - more than 98 million people, and about 
17 million households. The 2003-2004 Nigeria living 
standard survey indicated that States in the Sahel region 
recorded the highest incidence of poverty, with about 80 per 
cent of the population described as poor (IFAD, 2010). 

Nigeria’s rural people are the most deprived of all 
Nigerians, having least access to services such as health, 
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educational facilities, and access to modern agricultural 

input. In essence, infrastructural and institutional 

arrangements are deficient at the local level where most 

people who need them live (Voh, 2019). 

According to Thor et al. (2015) rural transformation 

denotes a rapid improvement in the life of rural man and his 

physical environment. Whereas Smith (2013) opined that 

rural development is almost synonymous with agricultural 

development, which has been broadened recently to 

encompass the equitable and balanced transformation of 

complex social, economic, institutional, political, other 

relationships and process of rural development, including 

but not limited to agriculture, education, employment, 

health care and nutrition, voice in decision- making and 

actions that affect the lives of rural dwellers. 

Similarly, Iro (2018) reported that, some of the rural 

development focused programs embarked upon by the 

Federal Government of Nigeria in the last three decades 

either lacked ecological and institutional focus and 

framework or members of the ruling party were favored at 

the expense of members of other parties. Presently with 

Maduagwu’s (2017) comment that Nigeria has over the 

years embarked on many poverty alleviation programs but 

majority of these have had appreciable impact, one wonders 

if true poverty alleviation will not continue to be a mirage. 

However, International Fund for Agricultural 

Development; Community-Based Agriculture and Rural 

Development Program (IFAD-CBARDP); is an integrated 

agriculture and rural development program aimed at 

improvement of livelihood and living conditions of the 

rural poor with emphasis on women and other vulnerable 

groups, especially physically challenged and dejected 

people. The program is jointly funded by International Fund 

for Agricultural Development (IFAD), Federal Government 

of Nigeria (FGN), and seven participating States -Borno, 

Jigawa, Katsina, Kebbi, Sokoto, Katsina and Zamfara; 

Sixty-nine (69) Local Government Councils (LGCs) in the 

seven states, where two hundred and seven (207) village 

areas (VAs) have been selected from the participating Local 

Government Councils and World Bank (WB) is the 

cooperating institution (IFAD, 2007). 

Objectives of the Study 

The broad objective of the study was to examine the 

effect of IFAD-CBARDP on rural livelihood in Katsina 

State, Nigeria. The specific objectives were to: 

i. describe the socio-economic characteristics of 

respondents in benefitting communities; 

ii. identify and describe the level of accessibility of 

basic infrastructure provided to the communities 

by the IFAD-CBARDP; 

iii. determine the effect of infrastructure provided by 

IFAD-CBARDP on the livelihood of the 

communities; 

iv. determine respondents’ level of satisfaction with 

infrastructure provided by IFAD-CBARDP in the 

communities; and 

v. identify and describe the constraints to the 

effective performance of IFAD-CBARDP in the 

study area. 

vi. Description of study area 

This study was conducted in Katsina State, one of the 36 

States in Nigeria. The State lies between latitude 11 0 7’ 
and 130 22’ North and longitude 60 52’ and 90 2’East of 
the Equator. It is situated within the Sahel-Sudan agro 

ecological zone of Nigeria. The National population census 

of 2006 put Katsina State at 5,792,579 people. At 3.2% 

growth rate projection, by 2013 when data were collected, 

Katsina State’s population was expected to have increased 
to about 7,223,346 people. The number of farmer’s 
families is 882,692 constituting 12.22% of the total 

population (NPC, 2006). 

Sampling Procedure and Sample size 

The study was carried out in three (3) Local Governments 
of Katsina Senatorial Zone namely Kaita, Jibia and Kusada 
LGA. 

In order to examine the effect of IFAD-CBARDP on rural 

livelihood of the respondents, a multistage sampling 

technique was employed to get the respondents. In the first 

stage, three Local Government Areas were selected 

purposively, out of the IFAD-CBARDP benefiting LGAs 

in Katsina state. These were Kaita, Jibia and Kusada LGAs. 

The selection was based on easy accessibility, familiarity 

and spread. In the second stage, simple random sampling 

technique was used to select two benefiting villages from 

each Local Government Area, making a total of six 

villages. These are Yanhoho and Yandaki Kaita LGA, 

Dutsin Safe Daddara in Jibia LGA, Kofa and Yashe in 

Kusada LGA. Thirdly, the sample size was determined 

using raosoft calculator at 5% error margin as shown in the 

table below.  
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Table 1: Distribution of Sample Size by Local Government Areas 

Local Government Areas Beneficiary Villages No. of Household 

Heads 

Respondents 5% 

Kaita Yanhoho 180 54 

 Yandaki 160 46 

Jibia Dutsin Safe 180 52 

 Daddara 160 32 

Kusada Kofa 180 50 

 Yashe 140 44 

       Total  1,000 278 

 

Analytical Techniques 

The following analytical and statistical tools such as: 
Descriptive statistics and inferential Statistics (t –test) were 
utilized to capture the stated objectives of the study. 

Inferential statistics (t-test) 

The t- test was used to determine the effect of infrastructure 

provided on the livelihood of respondents before the 

program and after the program implementation in the study 

area and to test the hypothesis of the study at (P< 0.1%) 

level of significance. 

The general formula of the t-test is given as: 

 

Where: 

 t-value 

 

 the mean sample of respondent’s income in 

benefitting communities before initiating the IFAD-

CBARDP. 

 = the mean sample of respondent’s income in 

benefitting communities after initiating the IFAD-

CBARDP. 

S 2 = sample standard deviation for respondents’ income 

in benefitting communities before initiating the 

program. 

S 2 = sample standard deviation for respondents’ income in 

benefitting communities after initiating the 

program 

n1 = sample size of respondent’s income in benefitting 
communities before the program. 

n2 = sample size of respondent’s income in benefitting 
communities after initiating the program. 

 

II. RESULTS AND DISCUSSION 

Socio-economic Characteristics of Respondents. 

The socio-economic characteristics of the respondents 

identified were: gender, age, marital status, household 

size, educational level, membership of cooperative 

societies, experience in IFAD-CBARDP and 

accessibility to credit are presented in Table 2 and 

explained below. 

Table 2: Socio economic characteristics 

Gender Frequency  Percentage (%) 

Male 185 66.5%  

Female 93 33.5% 

Total  278 100% 

Age (Years) Frequency Percentage (%) 

20 – 29 22 7.91 

30 – 39 89 32.01 

40 – 49 97 34.89 
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50 – 59 54 19.42 

60 – 69 16 5.76 

Total  278 100% 

Status Frequency  Percentage (%) 

Single 89  32.01%  

Married 175 62.95% 

Widow 14 5.04% 

Total  278 100% 

Size Frequency  Percentage (%) 

1 – 5 62 22.30 

6 – 10 142 51.08 

11 – 15  37 13.31 

16 – 20 23 8.27 

21 – 25 14 5.04 

Total 278 100% 

Level  Frequency  Percentage (%) 

No Education 81 29.14 

Adult Education  54 19.42 

Primary  133 47.84 

Secondary  109 39.21 

Tertiary  15 5.40 

Others  27 9.71 

Total  278 100 

Years Frequency  Percentage (%) 

1 – 3 97 34.89 

4 – 6  147 52.88 

7 – 9  34 12.23 

Total  278 100% 

Years Frequency  Percentage (%) 

1 – 3 59 21.22 

4 – 6  191 68.71 

7 – 9  28 10.07 

Total  278 100% 

Status  Frequency  Percentage (%) 

Accessible  113 40.65 

Not Accessible  165 59.35 

Total  278 100% 

Source: Field work (2023) 
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From the Table above, the data revealed that 185 which 

constitutes 66.5% of the respondents were males and 93 of 

the respondents representing 33.5% were females. This 

showed that both genders were adequately represented in 

the IFAD-CBARDP, with slight variation in favor of male 

respondents. 

The age of the respondents ranged between 30 to 49 years 

have the highest response. This implies that, the respondents 

were middle aged and still active and could participate 

adequately in development programs. The age distribution 

as evident in the data was expected to have positive 

influence on the respondent’s participation in IFAD- 

CBARDP, which invariably meant better livelihood. 

It was also observed that most of the respondents were 

married which consist of 175 representing 62.95%. This 

shows that most of the respondents would have greater 

responsibility than the single or widow, which may 

encourage respondents to be committed towards their 

participation in IFAD- CBARDP. Perez-Morales (2011). 

There is a trend for rural youth to start work responsibilities 

at an earlier age than urban youth. He further stated that 

normally, young people in rural areas get married earlier 

than their peers in urban zones. It means that rural youth 

become involved in adult responsibilities before urban 

youth. 

The house hold indicate that about half (51.08%) of the 

respondents had 6-10 people in their households, while, 

22.30% had household size of less than 5 people. This 

implies that respondents had dependents to cater for and 

their participation in programmes like IFAD-CBARDP 

could help in engaging them on the farm and improving 

their livelihood. 

On educational qualification more than half (78%) of the 

respondents had educational qualifications mostly primary 

and secondary school level. Such level of education may 

facilitate the respondents’ participation in the IFAD-

CBARDP. The respondents with no formal education were 

about 22%, of the respondents. 

The Participants of IFAD-CBARDP belong to cooperative 

society; the maximum number of years spent as members of 

cooperative society was 9 years and a minimum of 1 year. 

The result revealed that, respondents with 4 – 6 years of 

membership duration constitute 53% while 35% had 1-3 

years of membership of cooperative society.  With this 

level of membership duration, it could be said that majority 

of the respondents have had long duration of experience as 

members of cooperative group which can facilitate 

understanding of the programme due to interaction among 

members. 

The result in the above table revealed that, the majority 

(69%) of the beneficiaries had between 4 and 6 years of 

experience in IFAD-CBARDP activities in the 

programmme. Whereas 21% of the respondents had 

experience of 1 to 3 years and the lowest percentage was 

(10%) which falls within 7 to 9 years of experience in 

IFAD-CBARDP. These years of experience in the 

programme were expected to translate into better utilization 

and understanding of the programme which may invariably 

result into better income as well as standard of living. 

It was also observed in the table above that 59% of the 

respondents had no access to credit facilities. This low 

access to credit could be attributed to the fact that IFAD-

CBARDP seldom grants financial credit to participants. 

Rather, participants are trained in entrepreneurial 

development. Ekong (2003) asserts that credit is a very 

strong factor that is needed to acquire or develop any 

enterprise; its availability could determine the extent of 

production capacity. 

Table 3: Distribution of infrastructure Provided in order of respondent’s benefits (n=278) 

Infrastructure *Frequency Percentage       Ranking  

Water/Borehole 256 92.09 1st 

Schools 224 80.58 2nd 

Health centre 202 72.67 3rd 

Para vet clinic 76 27.34 4th 

Culvert 41 14.75 5th 

Market shade 37 13.31 6th 

Vocational Centre              21 7.56 7th 

Latrine 18 6.47 8th 

Staff Quarters 9 3.24 9th 

*Multiple responses                  
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The table above shows that provision of water/borehole 

ranked 1st among the infrastructure provided by IFAD-

CBARDP in the study area accessible to about 92% of the 

respondents. Schools provided ranked 2nd among the 

infrastructure provided accessible to 80% of the 

respondents. This could improve the level of literacy in the 

area of study and subsequent economic development. Other 

infrastructure accessible to the respondents were health 

centres (72%), Para vet clinic (27%), culvert (14%) and 

Market shade (13%) which were ranked 3rd and 4th. Staff 

quarters was the least accessible infrastructure to the 

respondents and ranked 9th with 3% of the sampled 

respondents highlighting accessible to the infrastructure. 

Hence, the functional status of these amenities provided 

may bring about income savings stemming from reduced 

expenditure on the items which can be diverted to other 

areas of consumption such as food which may improve the 

feeding standard of the respondents. Thus, the infrastructure 

in question may bring about development to the area of 

study which may transform the lives of the residents as well 

as improve their livelihood. 

Effect of IFAD-CBARDP on Assets of the 
Beneficiaries 

Table 4: Distribution of respondents according to assets possessed (n = 278) 

Assets owned by respondents *No of items owned before 

Prog. 

*No of items owned 

after Prog. 

Differential 

Radio 58 82 24 

TV 36 53 17 

VCD 36 58 22 

Refrigerator 20 48 28 

House 

purchased 

16 23 7 

House Built 22 35 13 

Bicycle 10 19 9 

Motorcycle 25 32 7 

Car 3 9 6 

Lorry 2 6 4 

Pick up Van 8 14 6 

* Multiple Responses 

 

The result in the Table above revealed that, there was an 

increase in information asset acquisition (radio, 24; TV, 17 

and Compact disc, 22) by respondents after the first phase 

of IFAD- CBARDP. This is an indication that the level of 

awareness and enlightenment among the respondents is on 

the increase. There were increases in the number of houses 

purchased and built as well as household property such as 

refrigerator. Generally, there was a significant improvement 

on the rate at which the respondents acquired properties. 

This is an indication that over the years of the program 

income of the respondents increased. This indicated that, 

IFAD-CBARDP had been able to have positive effect to the 

respondents’ livelihood in terms of ownership of assets by 
respondents. This is in line with the report of IFAD (2011) 

on Women’s Empowerment Mainstreaming and 

Networking (WEMAN) under IFAD where, the program 

reported a concrete positive change on women in terms of 

secure access to land, division of labour between women 

and men, increased quality of produce, equal sharing of 

benefits and increasing incomes of the participants. 

Hypothesis testing 
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Table 5: Effect of IFAD-CBARDP on the income of respondents (n= 278) 

  Before After Differential 

 N    

Mean annual 

Income 

  278 N155, 613 

 

N 241, 603.8 

 

N 85,990.8 

  

Variance  3.597E+10 9.75E+10  

t – Cal  1.98*   

t – Critical  1.65   

*Significant at (p< 0.1%) level of probability 

The results as presented in the Table above revealed the 

respondents mean annual income before the program 

(N155, 613) and after the program implementation (N241, 

603.8) per annum, with a differential amount of N85, 990.8. 

The data were also tested using t-test independent sample. 

The result indicated that, t-cal (1.98) was greater than the t-

critical (1.65). Therefore, the mean difference on the 

income of respondents before and after the IFAD-CBARDP 

implementation was significant at (p 0.1) level of 

probability. 

Employment Opportunities provided by IFAD-

CBARDP 

Table 6: Employment Opportunity Provided by IFAD-CBARDP (n =278) 

Employment opportunities *Frequency Percentages(%) 

Trading 221 79.45 

Carpentry 220 79.14 

Blacksmithing 178 64.03 

Food processing 224 80.58 

Tailoring 235 84.53 

Embroidery m a k i n g  188  67.63 

Knitting 188 67.63 

Bricklaying 163 58.63 

Fishing 161 57.91 

*Multiple responses 

 

From the above Table, it was observed that among the 

employment opportunities provided by IFAD CBARDP, 

most respondents (84%) participated in tailoring, followed 

by food processing (80%), trading (79%), carpentry (79%), 

knitting and embroidery making (67%), blacksmithing 

(64%), and fishing was the least (57%) participated 

employment opportunity by respondents. As evident from 

the result in the Table, the programme had various packages 

of employment opportunities’ that really engaged the 
respondents in relevant areas of specialization. Involvement 

of the respondents in various activities of the programme 

could generate more income thereby improving the 

livelihood of respondents. Lawanson (2012) revealed the 

universality of informal economic activities particularly 

home-based enterprises, as a major source of employment 

and income in urban and rural areas. 

Respondents' Level of Satisfaction with the 

Infrastructure Provided 
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Table 7: Respondents’ satisfaction level with infrastructure provided (n=278) 

Infrastructure Total weighted 

scores 

Mean weighted 

scores 

Overall 

perception 

Farm inputs 4455 3.9 High 

Voc. Centres 4040 3.8 High 

Water/ Borehole 

Health facilities 

4317 

4575 

3.7 

3.5 

High 

High 

Schools 

Credit facilities 

4642 

5617 

3.4 

2.8 

High 

Low 

 

Provision of farm inputs 

It was observed that the respondents recorded high 

satisfaction with provision of farm inputs provided by 

IFAD-CBARDP as indicated by the weighted mean ( ) 

which exceeds the mean score of 3.9 which is >3 (Table 

4.14). From the result, the respondents may experience 

improvement in farm productivity as well as 

encouragement in the area of farming and other related 

activities. 

Vocational skills/ training centres 

Result presented in Table 4.14 revealed that the 

respondents’ perception with vocational skills/centres 

provided by IFAD-CBARDP was high because weighted 

mean ( ) of 3.8. was recorded. This result may mean that 

provision of vocational skills has created employment / 

skills acquisition opportunities for the benefitting 

respondents which may have resulted to higher income 

generation and invariably better livelihood 

Provision of water/borehole 

It was observed in Table that provision of water by IFAD 

CBARDP recorded high satisfaction to the respondents 

with weighted mean of 3.7 which exceeds the mean (

) score of 3. Therefore, the respondents were satisfied with 

the water/ borehole provided by the programme. Water, a 

necessity of life is provided by the programme to aid level 

of living and minimise scarcity. Thus, provision of water 

had brought about improvement in water supply which 

minimizes cost of water procurement in benefitting 

communities. 

Health Facilities Provided 

The weighted mean ( ) for health facilities provided by 

the programme was presented in 

Table 4.12. It revealed high satisfaction with a weighted 

mean of 3.5 implying an overall perception of satisfaction 

with health facilities provided because the weighted mean 

was greater than the mean ( ) score of 3. The result 

therefore indicates that provision of health 

facilities would upgrade the health status of the benefitting 

respondents. Provision of health facilities in the area also 

implies that diseases can easily be eradicated, thereby 

improving the health status of benefitting communities for 

improved labour force. 

Provision of Schools 

The result in Table 4.13 revealed high satisfaction with 

provision of schools in the area. The weighted mean of 

satisfaction level obtained from the respondents was 3.4, 

exceeding the mean ( ) score of 3. Provision of schools 

may bring about upgrading of the educational status of the 

residents in benefitting communities, which invariably 

reduce the level of illiteracy, improvement in the enrolment 

of pupils as well as saving of income which could have 

been used for taking the pupils to other places for 

education. Formal education serves as a spinning factor for 

adoption and participation of individuals in programmes. 

Credit facilities 

Result for the level of satisfaction for credit facilities 

provided by the programme indicated a weighted mean (

) of 2.8 which is lower than the mean score (  = 3) 

of satisfaction 

perception by the respondents (Table 4.13), meaning that 

provision of credit facilities have not met the satisfaction 

level of the respondents. This implies that, the beneficiaries 

need other forms of credit to boost their productivity which 

would bring about improved standard of living. If credit is 

invested into an enterprise it is expected that it should lead 

to higher levels of output and better standards of living, but 

in case the credit is not accessed on time and inadequate, it 

may, more often than not, lead to misapplication of funds. 

Hence, the expected effect of such funds will not be felt on 

the enterprise. Also, if the credit is invested in consumption 
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purpose, it may not likely lead to an improvement of output 

or livelihood. 

Constraints Faced by Respondents in IFAD-CBARDP. 

Table 8: Constraints encountered by beneficiaries of IFAD-CBARDP (n=278) 

Constraints *Frequency Percentages Ranking 

Low awareness 161 57.91 
1
st 

Cultural barrier 152 54.68 
2
nd 

Inadequate capital 143 51.44 
3
rd 

Illiteracy 120 43.17 
4
th 

Inadequate facilities 120 43.17 
4
th 

Inadequate mobility 16 5.76 5th 
 

poor leadership 13 4.68 6th  

*Multiple responses 

 

This section analysed the constraints faced by the 

beneficiaries of the programme. Various factors such 

as low level of awareness, cultural barriers, inadequate 

capital and illiteracy were ranked 1st, 2nd, 3rd and 4th 

respectively (Table 4.14) as factors affecting the 

programme. Information creates awareness, which can 

lead to development. Most of the respondents were 

noticed to be married women, according to the culture, 

they are not supposed to associate with other people 

especially men. This impedes information and 

participation of an individual in a programme. 

 

III. CONCLUSION 

This study was aimed at providing useful and basic 

information on the effect of IFAD- CBARDP on the 

livelihood of the participants. It was found that rural 

infrastructure provided was beneficial and mostly 

satisfactory to the beneficiaries of the programme. 

Hence, the assets and income of participants‟ as 

well as employment/ skills acquisition opportunities 

had also increased as a result of the programme 

intervention. Respondents‟ satisfaction level on 
infrastructure provided by IFAD-CBARDP was high. 

The null hypothesis which stated that <IFAD-

CBARDP have not improved the livelihood of people 

in benefitting communities in the study area= was 
rejected and the alternative accepted. Meaning that, 

IFAD-CBARDP had improved the livelihood of 

people in benefiting communities of the study area. It 

was therefore concluded that, IFAD-CBARDP had 

impacted positively on the lives of the beneficiaries in 

Katsina State, Nigeria. 
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Abstract— Rice (Oryza sativa) is the major food crop in terms of production and economy and grown in all 
ecological regions of India. Rice is cultivated traditionally through transplanting of 20-25 days old seedling 
in the country. Due to unavailability of suitable technology for rice cultivation, there is a huge yield gap in 
rice production. Country has made target of self-sufficiency in rice production. This target can be achieved 
through adoption of Direct seeded rice cultivation technology of rice cultivation which also helps to adapt 
in the climate change scenario. Due to issues of water scarcity and expensive labour, direct seeded rice 
cultivation technology is adopting worldwide. To study the direct sowing of rice to overcome the difficulty of 
scarce and costly labor in transplanted rice, KVK Guntur has conducted an OFT in Guntur district. The 
study was carried out in two villages of Guntur district namely Morampudi and Kanteru villages in the years 
2019-20 and 2020-21. From each selected village, 5 farmers practicing DSR and 5 farmers practicing 
Conventional Transplanting method during the same season were selected. The average yield was 
considerably high in TR (67 qtl/ha) compared to DSR (66 qtl/ha) method of cultivation. The total cost of 
cultivation in DSR was estimated to be Rs.47,000 per hectare. The total cost of cultivation in TR was 
estimated to be Rs. 53,000 per hectare. DSR with suitable conservation practices has potential to produce 
slightly lower or comparable yields as that of TPR and appears to be a viable alternative to overcome the 
problem of labor and water shortage. Despite controversies, if properly managed, comparable yield may be 
obtained from DSR compared with TPR. 

Keywords— Direct seeded rice, Transplanted rice, weed management, on farm trail 

 

I. INTRODUCTION 

Rice (Oryza sativa) is the major food crop in India 
and occupies highest area among the cereal crops. Rice 
provides about 20 per cent of the global average calorie 
intake and its cultivation occupies 11 per cent of world 
agricultural land. Asia dominates the world in rice 
production as it accounts for about 90 per cent of world’s 
rice area and 92 per cent of production. Direct seeded rice 
in Asia occupies about 28.3 Mha which is approximately 21 
per cent of the total rice area in the region (Toriyama, 2005). 
Countries like USA and Australia extensively practicing 
direct seeding of rice are with profitable results as it avoids 
all the negative externalities in transplanting. 

Rice is cultivated in India in a very wide range of 
ecosystems from irrigated to shallow lowlands, mid-deep 
lowlands and deep water to uplands. In India, transplanting 
is the mostly adopted method of rice establishment. 
However, depletion of water resources is forcing farmers to 
shift to Direct Seeded Rice (DSR). The direct seeding of rice 
refers to the spreading of seeds in fields before or 
immediately after pre-monsoon showers.   

The  need to increase productivity against rising 
labour costs for transplanting has led to a considerable 
increase in directs seeding in recent decades, particularly in 
South and Southeast Asia. The main motivating factor for 
shift in rice establishment method from transplanting to 
direct seeding in India is response to labour scarcity 
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(Balasubramanian, 2002) and lack of technically feasible 
transplanters. Direct seeded rice, a common practice before 
green revolution in India, is becoming popular once again 
because of its potential to save water and labour (Gupta et 
al.,2006). 

Due to water scarcity and expensive labour, direct 
seeded rice cultivation technology is adopting worldwide. 
Direct seeded rice is a resource conservation technology and 
reduces water and labor use by 50%. Productivity of DSR 
is 5-10% more than the yield of transplanted rice. It offers a 
very exhilarating opportunity to improve water and 
environmental sustainability.  

Direct seeding can be categorized as (1) Wet-DSR, 
in which sprouted rice seeds are broadcast or sown in lines 
on wet/puddled soil, and (2) Dry-DSR, in which dry rice 
seeds are drilled or broadcast on unpuddled soil either after 
dry tillage or zero tillage or on a raised bed. Another 
category of DSR is water seeding, in which sprouted rice 

seeds are broadcast in standing water. Wet-DSR is primarily 
done to manage the labor shortage, and is currently 
practiced in Malaysia, Thailand, Vietnam, the Philippines, 
and Sri Lanka. Furthermore, weed infestation is the major 
problem, which can cause large yield losses in direct seeded 
rice. Weed management in DSR can be done through 
chemical, hand weeding or stale seed bed method. 

 

II. MATERIAL AND METHODS 

The study was carried out in two villages of 
Guntur district namely Morampudi and Kanteru villages in 
the years 2019-20 and 2020-21. The major soils of this area 
are shallow to deep black soils. From each of the selected 
villages farmers were selected based on the extent of area 
under cultivation. From each selected village, 5 farmers 
practicing DSR and 5 farmers practicing Conventional 
Transplanting method during the same season were 
selected.  

Table 1. Classification of direct-seeded rice (DSR) system 

S.NO  System of direct 
seeding 

Seed bed condition and 

environment 
Sowing method 

practiced 

Suitable ecology 
/environment 

1. Direct seeding in 

dry bed 

  

Dry seeds are sown in dry 
and mostly aerobic soil 

  

Broadcasting, Drilling 
or sowing in rows at 

depth of 2-3 cm 

  

Mainly in rain fed area, 
some in 

irrigated areas with precise 

water control 

2. Direct seeding in 

wet bed 

Pre germinated seeds 
sown 

in puddled soil, may be 

aerobic or anaerobic 

Various Mostly in favorable rainfed 

lowlands and irrigated areas 

with good drainage facility 

3. Direct seeding in 

Standing Water 

  

Dry or Pre germinated 

seeds are sown mostly in 

anaerobic condition in 

standing water 

Broad casting on 

standing water of 5-10 

cm 

  

In areas with red rice or 
weedy 

rice problem and in 
irrigated 

lowland areas 

Source : (Joshi et al., 2013)  

 

III. RESULTS AND DISCUSSION 

In DSR the total cost of cultivation was found to 
be lower by 11.32 per cent (Rs.47,000/ha) when compared 
to TR (Rs.53,000/ha) method of cultivation. The total cost 
of cultivation in DSR was estimated to be Rs.47,000 per 
hectare. The total cost of cultivation in TR was estimated to 
be Rs. 53,000 per hectare (Table 2 ). 

The average yield was considerably high in TR (67 
qtl/ha) compared to DSR (66 qtl/ha) method of cultivation. 
The actual percentage yield difference is approximately 

1.49%, with TR yielding more than DSR. The gross returns 
obtained were Rs.1,21,605 and Rs.1,19,790 per ha for TR 
and DSR of rice cultivation respectively. The  net  returns  
were  higher  in  DSR  (Rs.72,790/ha)  than  that of  TR 
(Rs.68,605/ha), this was due to high cost of cultivation in 
transplanted rice. The results were on par with the findings 
of Vinay et al. (2016) whose results showed that net returns 
were higher in direct seeded rice when compared to 
transplanted method of paddy cultivation. This was 
compliant with the findings of Yadav et al. (2013). 
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Table 2. Comparative cost of cultivation of paddy under TPR and DSR methods 

Details 
Transplanted rice 
(Rs per hectare) Details 

Direct seeded rice 
(Rs per hectare ) 

Land Preparation Cost 
(Ploughing, levelling, and 

puddling) 
10000 

Land Preparation Minimal, as less 
puddling is required: 

9000 

Labour Cost (Nursery 
preparation and transplanting) 9000 

Labor Cost (Direct seeding and 
subsequent weeding) 5000 

Seed cost 3000 Seed cost ( Higher seed density) 4000 

Water cost (Continuous 
flooding) 14000 Water cost 12000 

Other costs (fertilisers and 
pesticides ) 9000 

Other costs (fertilisers and 
pesticides ) 9000 

Plant protection measures 

(weeds, insect pests and disease 
control) 

8000 

Plant protection measures 

(weeds, insect pests and disease 
control) 

8000 

Total cost of cultivation 53,000 Total cost of cultivation 47,000 

Yield (q/ha) 67 Yield (q/ha) 66 
 

Gross returns 1,21,605 Gross returns 1,19,790 

Net returns 68,605 Net returns 72,790 

B: C Ratio 1.2:1 B: C Ratio 1.5:1 

 

IV. CONCLUSION 

DSR looks to be a good substitute for TPR in light of the 
manpower and water shortage issues. With the right 
conservation techniques, DSR can deliver yields that are 
somewhat lower or comparable to TPR values. 
Disagreements notwithstanding, DSR can give yields that 
are comparable to TPR if handled correctly. DSR crops may 
partially or completely fail because to weeds if they are not 
effectively controlled. The dynamics of nutrients in soils 
under DSR require a great deal of investigation on the 
scientific front. Additionally, studies are required on weed 
control in DSR and soil ecology in rice fields. 
A site-specific production technology package for various 
rice production systems must be developed under various 
rice production zones. 
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Abstract— Pulses being rich in quality protein, minerals and vitamins are inseparable ingredients of diet 

of majority of indian population. Despite high nutritive value of pulses and their role in sustainable 

agriculture desired growth rate in production could not be witnessed. The domestic production of pulses is 

consistently below the targets and actual domestic requirements are also higher, due to this pulses are 

being imported. The Krishi Vigyan Kendra, Jodhpur-II (Phalodi) has carried out frontline demonstrations 

on greengram crop varieties GM-6 and IPM 205-7 covering an area of 30 ha of farmer's field to exhibit 

latest production technologies and compared it with farmer's practice. The study in total 50 frontline 

demonstrations were conducted on farmer's fields in villages viz. Kali-mali and Baori of Jodhpur district of 

Rajasthan state during 2020 and 2022, to demonstrate production potential and economic benefit of 

improved technologies comprising sowing method, nutrient management and chemical weed management 

and adoption of whole package of practices for crop. After sowing of seed, application of weedicide 

Imazethapyr 10SL as early post emergence at 50 gm a.i. per ha in 500 liters of water used for effective 

control of the weeds during kharif season in rainfed condition. The findings of the study revealed that the 

demonstrated technology recorded a mean yield of 687 kg/ha which was 23.7 % higher than obtained with 

farmers practices (555 kg/ha). Higher mean net income of Rs. 31285/ha with a Benefit:cost ratio of 3.05 

was obtained with improved technologies in comparison to farmers practices (24710).The frontline 

demonstrations conducted on greengram crop at farmer’s field revealed that the adoption of improved 

technologies significantly increased the yield as well as yield attributing traits of crop and also the net 

neturns higher than the farmer’s practices. So, there is a need to disseminate the improved technologies 

among the farmers with effective extension methods like training and demonstrations. The farmers should 

be encouraged to adopt the recommended package of practices realizing for higher returns. 

Keywords— Adoption, Frontline demonstration, Greengram, Productivity 

 

I. INTRODUCTION 

Pulses are the major source of dietary protein for the 

majority of population in our country. Besides being the 

source of protein, pulses contribute substantially to food 

production system by enriching the soil through biological 

nitrogen fixation and improving soil physical conditions. 

Though pulses are consumed all over the world, its 

consumption is higher in those parts of the world where 

animal proteins are scarce and expensive (Ofuya and 

Akhidue, 2005). Pulses are important food crop for human 

consumption and animal feed. Being leguminous in nature, 

they are considered to be important components of 

cropping system because of their viability to fix 

atmospheric nitrogen, add substantial amounts of organic 
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matter to the soil and produce reasonable yields with low 

inputs under harsh climatic and soil conditions (Rakhode 

et al. 2011). Moong- wheat cropping system is 

predominant and its continuously practiced by farmers in 

the arid zone of Rajasthan (Dhaka et al. 2016). There is 

evidence of system productivity stagnation, nutrient water 

imbalances and increased insect-pest and diseases 

incidence due to prolonged use of this cereal dominated 

system source. Greengram (Vigna radiate L. Wilczek.) is 

the third important pulse crop in india. It can be grown 

both as kharif greengram and summer greengram. With the 

advent of short duration, MYMV (Mungbean yellow 

mosaic virus) tolerant and synchronous maturing varieties 

of greengram (55-60 days) there is a big opportunity for 

successful cultivation of greengram in greengram-wheat 

rotation without affecting this popular cropping pattern. 

Greengram belonging to family leguminoseae, is 

a tropical and sub-tropical grain legume, adapted to 

different types of soil conditions and environments (kharif, 

spring and summer). It ranks third in India after chickpea 

and pigeonpea. It has strong root system and capacity to 

fix the atmospheric nitrogen in to the soil and improves 

soil health and contributes significantly to enhancing the 

yield of subsequent crops (Tomar et al. 2012). Greengram 

yield is also affected by insects-pests and diseases, 

especially by greengram yellow mosaic virus (GYMV) 

and Cercospora leaf spot (CLS). There is a strong need to 

develop the lines/varieties which give outstanding and 

consistent performance in kharif season over diverse 

environment. Development of varieties with high yield and 

stable performance is a prime target of all greengram 

improvement programmes. The total production of pulses 

in India was 25.42 million tonnes from the area of 29.80 

million hectares with the productivity of 853 kg/ha 

(Anonymous, 2020). Whereas, in Rajasthan, the total 

kharif pulses production was 3.57 million tonnes from the 

area of 5.53 million hectares with productivity of 639 

kg/ha (Anonymous, 2019). The greengram production 

among kharif pulses was 1.09 million tonnes from the area 

of 2.39 million hectares with productivity of 458 kg/ha in 

Rajasthan (Anonymous, 2023). In Jodhpur district, the 

greengram crop is grown in an area of 258797 ha with an 

annual production of over 153840 million tons (GOR, 

2023).  

The Front Line Demonstration is an important 

method of transferring the latest package of practices in 

totality to farmers. By which, farmers learn latest 

technologies of oilseeds and pulses production under real 

farming situation at his own field. Further, these 

demonstrations are designed carefully where provisions 

are made for speedy dissemination of demonstrated 

technology among farming community through 

organization of other supportive extension activities, such 

as field days and farmers convention. The main objective 

of the Front Line Demonstration is to demonstrate newly 

released crop production and protection technologies and 

management practices at the farmers' field under different 

ago-climatic regions and farming situations. While 

demonstrating the technologies at the farmer's field, the 

scientists are required to study, the factors contributing to 

higher crop production, field constraints of production and 

thereby generating production factor and feed-back 

information. Front Line Demonstrations are conducted in a 

block of ten hectares of land in order to have better impact 

of the demonstrated technology on the farmer’s and field 

level extension functionaries with full package of 

practices. Keeping in view the present study was done to 

analyze the performance and to promote the Front Line 

Demonstration (FLD) on greengram production.  

 

I. MATERIALS AND METHODS 

Present study was conducted on FLD greengram in rainfed 

condition in Jodhpur district of Rajasthan state. In total 50 

frontline demonstrations were conducted on farmers' field 

in villages of Kali-mali and Boari of Jodhpur district of 

Rajasthan, during kharif season 2020 and 2022 in rainfed 

condition. Each demonstration was conducted on an area 

of 0.4 ha, adjacant-to the demonstration plot was kept as 

farmer’s practices. The package of improved technologies 

like line sowing, nutrient management, seed treatment and 

whole package were used in the demonstrations. The 

variety of greengram GM-6 and IPM 205-7 were included 

in demonstrations methods used for the present study with 

respect to CFLDs and farmer’s practices are given in Table 

1.  

In case of local check plots, existing practices 

being used by farmers were followed. In general, soils of 

the area under study were Loamy fine to Coarse and 

medium to low in fertility status. The spacing was 30 cm 

between rows and 10 cm between plants in the rows. The 

thinning and weeding was done invariably 35-40 days 

after sowing to ensure recommended plant spacing (10 cm) 

within a row (30 cm) because excess population adversely 

affects growth and yield of crop. Seed sowing was done in 

the first week of July, with a seed rate of 20 kg/ha. Other 

management practices were applied as per the package of 

practices for kharif crops by Department of Agriculture, 

Agro-climatic ZoneIa - Arid Western Plains Zone (DOA, 

2022). Data with respect to grain yield from CFLD plots 

and from fields cultivated following local practices 

adopted by the farmers of the area were collected and 

evaluated. Potential yield was taken in to consideration on 

the basis of standard plant population (404440 plants/ha) 
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and average yield per plant 22.5 gm/plant under 

recommended package of practices with 30 X 10 cm crop 

geometry (Chandra, 2010). Different parameters as 

suggested by Yadav et al. (2004) was used for gap 

analysis, technology index and calculating the economics 

parameters of greengram. The details of different 

parameters and formula adopted for analysis are as under:  

Extension gap = Demonstration yield – Farmer’s practice 

yield  

Technology gap = Potential yield - Demonstration yield  

Technology index = Potential yield - Demonstration 

yield/Potential yield x 100  

Additional cost (Rs.) = Demonstration Cost (Rs.) - 

Farmers' Practice Cost (Rs.) 

 Effective gain = Additional Returns (Rs.) - Additional 

cost (Rs.)  

Additional returns = Demonstration returns (Rs.) - 

Farmer’s practice returns (Rs.)  

 B: C ratio =Gross Returns/ Gross Cost  

Table 1. Package of practices followed by farmers under FLD 

Particulars Technology Interventions Farmer's practices 

Variety GAM-5, GM-6, IPM 205-7 and MH-421 Local cultivar 

Seed rate 20 kg/ha 15 kg/ha 

Soil treatment Trichoderma spp. @ 2.5 kg/ha cultured with 100 kg FYM No use 

Seed treatment Carbendazim 50 WP @ 2.0 g/kg Seed No seed treatment 

Time of sowing First week of July Second week of July 

Method of sowing line sowing, 30 cm (row to row) and 10-15 cm (plant to plant) Broadcasting 

Fertilizer 

management 

15:40:0 (NPK kg/ha) Use of urea 50 kg/ha and DAP 

150 kg/ha 

Weed management Early post emergence application of Imazethapyr 10 SL 500 

ml/ha followed by manual weeding at 35-40 DAS 

No use 

Water management Light irrigation at flowering and pod formation stage No use 

Plant protection Sucking pests - Dimethoate 30 EC @ 1 lit./ha and Imidacloprid 

200 SL @  150 ml/ha 

Pod borer - Quinalphos 25 EC 

Products suggested by local 

pesticide dealers 

 

II. RESULTS AND DISCUSSION 

Seed yield (kg/ha): The productivity of greengram under 

improved production technology ranged between 640-735 

kg/ha with mean yields of 687 kg/ha and overall 

production 1375 kg/ha in two years (Table 2). The 

productivity under improved technology was 640 and 735 

kg/ha during 2020 and 2022, respectively as against a seed 

yield range between 530 to 580 kg/ha under farmer’s 

practice. In comparison to farmer's practice, there was low 

than CFLD plots of 20.75 and 26.72% in productivity of 

greengram under improved technologies in 2020 and 2022, 

respectively. The increased grain yield with improved 

technologies was mainly because of line sowing use of 

nutrient management and weed management. The present 

findings confirm the findings of Singh and Meena (2011), 

Poonia and Pithia (2011), Meenaet al. (2012). Math et al. 

(2012), Raj et al. (2013) and Meena and Singh (2017). 

They found more gain yield of CFLD plots than the 

existing practices. 

Gap analysis: Evaluation of findings of the study (Table 

3) stated that an extension gap of 110 to 155 kg/ha was 

found between demonstrated technology and farmer’s 

practice and on average basis the extension gap was 132.5 

kg/ha. The extension gap was highest (155 kg/ha) during 

2022 and lowest (110 kg/ha) during 2020. Such gap might 

be attributed to adoption of improved technology 

especially high yielding variety (IPM 205-7)sown with the 

help of seed cum fertilizers drill with balanced nutrition, 

weed management and appropriate plant protection 

measures in demonstrations which resulted in higher grain 

yield than the traditional farmer’s practices. The study 

further exhibited a wide technology gap during different 

years. It was lowest (460 kg/ha) during 2020 and highest 

(466 kg/ha) during 2022. The average technology gap of 

both the years was 463 kg/ha. The difference in technology 

gap in different years is due to better performance of 

recommended varieties with different interventions and 

more feasibility of recommended technologies during the 

course of study. Similarly, the technology index for all 
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demonstrations in the study was in accordance with 

technology gap. Higher technology index reflected the 

inadequate transfer of proven technology to growers and 

insufficient extension services for transfer of technology. 

On the basis of two years study, overall 40.27% technical 

index was recorded, which was lowest (38.75 %) during 

2022 and highest (41.80%) during 2020. Hence, it can be 

inferred that the awareness and adoption of improved 

varieties with recommended scientific package of practices 

have increased during the advancement of study period. 

These findings are in the conformity of the results of study 

carried out by Chandra (2010), Meena and Singh (2016), 

Meena and Singh (2017), Singh and Chauhan (2010), 

Dayanand et al. (2012), Meena et al. (2012) and Rajni et 

al. (2014).  

 

Table 2. Technical impact of green gram crop demonstrations during 2020 & 2022 

S. No Crop Variety 
Technology 

Demonstrated 

Area 

(ha.) 

No. of 

Demonstration 

Potential 

yield 

(q/ha) 

Yield of the crop under 

demonstration (Kg/ha) 

Yield 

under 

local 

check 

(Kg/ha) 

Increase 

in yield 

(%) Highest Lowest Average 

1 2 3 4 5 6 7 8 9 10 11 12 

2020 
Green 

gram 
GM-6 

Timely sown 

HYV 
10 25 11 700 490 640 530 20.75 

2022 
Green 

gram 

IPM 

205-7 

Timely sown 

HYV 
20 25 12 900 660 735 580 26.72 

Average - - - 15 25 12 800 575 687 555 23.73 

 

Table 3. Yield gap of variety of green gram crop during investigation year 

Years Variety 
Technology gap 

(Kg/ha) 

Extension gap 

(Kg/ha) 

Technology index 

(%) 

2020 GM-6 460 110 41.80 

2022 IPM 205-7 466 155 38.75 

Average - 463 132.5 40.27 

 

Table 4. Economic impact of green gram crop 

Variety 
Average Cost of 

Cultivation (Rs./ha) 

Additional 

cost in demo. 

(Rs./ha) 

Average Gross 

Return(Rs./ha) 

Average Net 

Return (Rs./ha) 

Additional 

returns in 

demo. 

(Rs./ha) 

Benefit-Cost 

Ratio 

Plots 

Demonst 

ration 

plot 

Local 

check 

plot 

- 
Demonstration 

plot 

Local 

check 

plot 

Demonst 

ration 

plot 

Local 

check 

plot 

- 

Demons 

tration 

plot 

Local 

check 

plot 

2020 14910 13690 1220 41990 34450 27080 21760 5320 2.81 2.71 

2022 15210 13290 1920 50700 40950 35490 27660 7820 3.30 3.07 

Average 15060 13490 1570 46345 37700 31285 24710 6570 3.05 2.89 

 

Economics: Different variables like seed, fertilizers, bio-

fertilizers and pesticides were considered as cash input for 

the demonstrations as well as farmers practice and on an 

average additional investment of Rs. 1570 per ha was 

made under demonstrations. Economic returns as a 

function of gain yield and Minimum Support Price (MSP) 

sale price varied during different years. The maximum 

returns (Rs. 50770) during the year 2022 were obtained 

due to high grain yield and higher MSP sale rates as 

declared by GOI. The higher additional returns and 

effective gain obtained under demonstrations could be due 

to improved technology, non-monetary factors, timely 
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operations of crop cultivation and scientific monitoring. 

The lowest and highest benefit cost ratio (BCR) were 2.8 

and 3.3 in 2020 and 2022, respectively (Table 4) depends 

on produced grain yield and MSP sale rates. Overall 

average BCR was found 3.05. The results confirm with the 

findings of front line demonstrations on pulses by Yadav 

et al. (2004), Gauttam et al. (2011), Lothwal (2010), 

Chaudhary (2012), Dayananda et al. (2012), Meena and 

Dudi (2012) and Meena and Singh (2017).  

 

III. CONCLUSION 

It is concluded that Front Line Demonstrations (FLD) was 

an effective tools for increasing the productivity of 

greengram. The frontline demonstrations conducted on 

greengram at the farmers' field revealed that the adoption 

of improved technologies significantly increased the yield 

as well as yield attributing traits of the crop and also the 

net returns to the farmers. So, there is a need to 

disseminate the improved technologies among the farmers 

with effective extension methods like training. Kisan 

ghosthies, field days, exposure visits and demonstrations. 

The farmer’s should be encouraged to adopt the 

recommended package of practices realizing for higher 

returns. This created greater curiosity and motivation 

among other farmers who do not adopt improved practices 

of greengram cultivation. These demonstrations also built 

the relationship and confidence between farmers and 

scientists of KVK. It was also concluded that beside other 

practices of weed management, insect-past management 

and water stress to be given due to attention to enhance 

greengram production in the area. This will subsequently 

increase the income as well as the livelihood of the 

farming community of the district.  
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Abstract— Agricultural innovation offers a solution to mounting pressures on the global food system, 

which must provide safe, nutritious, and environmentally sustainable consumable goods at increasing 

volumes if demands are to be met. The potential of nonthermal technologies as promising alternatives to 

conventional thermal treatments for sustainable food processing and preservation is discussed in this 

review. Here we investigate four of such emerging nonthermal technologies that include High-Pressure 

Processing (HPP), Pulsed Electric Fields (PEF) and Irradiation, and Cold Plasma. This blog takes a 

deeper dive into its principles, use cases, and pros and cons. On the other hand, nonthermal technologies 

are energy-sparing, improve the nutritional quality of food products, and reduce loss due to processing but 

above all provide improved environmental performance. The energy-saving potential of these technologies 

can be large, while maintaining food in its original nutritive and sensory shape but with extended shelf life 

and lower carbon footprint. Nevertheless, scalability, cost-efficacy regulatory approval, consumer 

acceptance (Diaz-Ruiz Pletsch Concordet; Chellaram Barragan Maheswari), integration with the 

reference’s infrastructure, or optimized process parameters are themselves challenging. Developing a 
solution to these challenges and promoting nonthermal processing technologies are strategic priorities that 

will be critical for future food production... With time, advances in research and developments of this 

important field would give rise to the wide-scale application of nonthermal processing This review aims to 

provide a full overview of potential benefits entailed by each innovative technique along with its limitations 

as well as informing stakeholders and future directions. 

Keywords— HPP, PEF, FAO, Cold Plasma, O2 

 

I. INTRODUCTION 

The global food system is being shaped under intense 
pressure to produce enough safe, nutritious, and 
environmentally responsible for a world population of over 
7 billion (Varzakas & Smaoui, 2024). Mechanized food 
processing is one solution to this problem (Zou & Mishra, 
2024). Still, it inefficiently uses water and energy, 
providing yet another barrier to traditional farming (FAO 
2017) which will be needed more than ever as the world 

population reaches 9.7 billion by 2050 (Nadathur, 
Wanasundara, Marinangeli, & Scanlin, 2024). Although 
these traditional thermal processing methods efficaciously 
guarantee the safety of food and prolong its shelf-life, they 
have drawbacks that further harm the sustainability of their 
respective food systems (Rabiepour, Zahmatkesh, & 
Babakhani, 2024). The thermal techniques require a lot of 
energy, use considerable amounts of water, and can have 
some changes in the food quality from nutritional (to 
sensorial (Fang et al., 2023). As a result, research efforts 
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have been aimed at non-conventional and advanced 
technologies as promising alternatives to thermal 
treatments in the context of sustainable food processing 
and preservation (Safwa, Ahmed, Talukder, Sarker, & 
Rana, 2023). Nonthermal processing implies that the 
techniques used do not rely on heat to inactivate 
microorganisms, and enzymes and influence biochemical 
reactions taking place within food products (Allai, Azad, 
Mir, & Gul, 2023). Thus, these methods promise to be 
more energy-efficient and environmentally benign 
alternatives for processing food with retention of the 
nutritional, sensory as well and functional properties (Ali, 
Liao, Zeng, Manzoor, & Mazahir, 2024). In this broad 
review paper, we explore the nascent nonthermal 
technologies that are poised to change our approach to 
how food is processed and distributed. In this section, we 
will explore a wider spectrum of technologies including 
high-pressure processing (HPP), pulsed electric fields 
(PEF), cold plasma, and irradiation to understand how they 
work, where they are used currently or proposed in the 
future for positive input into promoting sustainability 
within our global food system. High-pressure processing 
(HPP) is a non-thermal technology based on the use of 
pressure at high levels of up to 600 MPa that inactivates 
microorganisms and enzymes while preserving all sensory, 
and nutritional qualities of food products (Keyata & 
Bikila, 2024). The value of this technology has been 
demonstrated across a range of commodities from juices, 
guacamole, ready-to-eat meats, and shellfish being shelf 
life extended without thermal pasteurization (Lohita & 
Srijaya, 2024). Pulsed electric fields (PEF) processing is a 
method using short high high-voltage electrical pulses to 
disintegrate the cell membranes of microorganisms by 
which they become inactivated (Preethi, Lavanya, Pintu, 
Moses, & Anandharamakrishnan, 2024). For instance, PEF 
has been effective in the pasteurization of liquid foods like 
milk or fruit juice without tremendously increasing 
nutrient and flavor loss when compared to conventional 
thermal heat treatments (Preethi et al., 2024). A non-
thermal process, cold plasma is capable of inactivating a 
wide range of pathogens and food poisoning 
microorganisms on the surfaces as well as packaging 
material (Rahdar, 2023). It has potential application in the 
clean-up of produce, meat, food contact surfaces, etc. 
(Deliephan, Subramanyam, & Aldrich, 2023). This 
approach could also be utilized for the purification of 
environments or as a means to indirectly combat 
microorganisms on or within packaging materials, or 
under modified atmosphere packaging (MAP) conditions, 
thereby improving the safety and freshness of products 
(Barjasteh, Kaushik, Choi, & Kaushik, 2024). Irradiation, 
which includes the use of ionizing radiation like gamma 

rays, electron beams, or X-rays, can effectively reduce the 
microbial content in food products with little heat impulse 
(Bhagya, Reshmi, Waghmare, Moses, & 
Anandharamakrishnan, 2024). Irradiation has been 
approved for use in spices, poultry, and fruit as a method 
to maximize food safety and shelf-life (Buvaneswaran, 
Ukkunda, Sinija, & Mahendran, 2024). This review will 
focus on the benefits and sustainability of nonthermal 
identified technologies including energy efficiency, 
nutritional preservation, food waste reduction (which also 
includes spoilage bacteria) environmental impact. 
Challenges and future directions for scalability and cost-
effectiveness, regulatory acceptance and consumer 
adoption, integration with existing infrastructure (such as 
providing poultry-compatible electrodes), and optimization 
of process parameters will be discussed. New nonthermal 
processing alternatives will allow us to do our part in 
helping create a stronger, more sustainable global food 
system that delivers safe and nutritious foods to the 
inhabitants of the world by generation. 

 

II. NONTHERMAL FOOD PROCESSING 

TECHNIQUES 

2.1. High-pressure processing (HPP) 

High-pressure processing (HPP) is a non-thermal 
technology in which foods are subjected to pressures of 
100-600 MPa, causing the elimination and inhibition of 
microorganisms with retention of sensory and nutritional 
characteristics that result from exposure conditions as well 
(Ozkan, Subasi, Capanoglu, & Esatbeyoglu, 2023). The 
technology has been used to generate shelf-stable food 
products including juice, guacamole, ready-to-eat meats, 
and shellfish, as well as several dairy foods without heat 
pasteurization for extended storage (Saifullah, Stanley, 
Zare, Juliano, & Hunt, 2023). During HPP, materials are 
subjected to high pressure which causes the proteins and 
enzymes in them as well as microorganisms that populate 
those ingredients to denature and thereby become inactive 
(Nath, Pandiselvam, & Sunil, 2023). The pressure is 
densities spread across the food product to ensure 
microbial inactivation throughout and minimal taste, 
texture, and nutritional change of foods (Lohita & Srijaya, 
2024). HPP comes with a range of benefits, including 
improved food safety; better nutritional quality, and 
increased shelf-life (hence reduced wastage) (de Chiara, 
Castagnini, & Capozzi, 2024). On the other hand, its use is 
limited to huge amounts of capital and operational 
expenses along with lesser scalability as well as 
specialized equipment and facilities requirements (Moro-
Visconti, 2024). 
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2.2. Pulsed electric fields (PEF) 

Pulsed Electric Fields (PEF) - PEF is a nonthermal method 
that uses short high-voltage electrical pulses in the range 
of typically 20-80 kV/cm to disrupt cell membranes of 
microorganisms and thus cause a molecular leakage 
resulting in their inactivation (Martínez, Delso, Álvarez, & 
Raso, 2020). Applications Good for PEF have shown the 
potential for pasteurizing liquid foods such as milk and 
fruit juices while maintaining most of the natural nutrients, 
and flavor compounds that would otherwise degrade 
during traditional thermal pasteurization (Morales-De la 
Peña, Rábago-Panduro, Soliva-Fortuny, Martín-Belloso, & 
Welti-Chanes, 2021). 

The processes are based on the application of high electric 
fields to food held between two electrodes, resulting 
destruction or disruption of cell membrane permeability 
(Demir, Tappi, Dymek, Rocculi, & Gomez-Galindo, 
2023). This causes permeabilization such that the 
microorganisms are inactivated without significantly 
heating (Cui et al., 2022). The opportunity for PEF 
technology lies in improving food safety, a better quality 
of nutrients, and saving fuel as compared to traditional 
thermal pasteurization (Arshad et al., 2021). Nonetheless, 
this method encounters certain difficulties, such as the 
limited applicability of established food models to both 
solid and semi-solid food items (Kupikowska-Stobba, 
DomagaBa, & Kasprzak, 2024). Additionally, the 
requirement for specialized apparatus for the preparation 
and consumption experiments with PFMs may exceed the 
financial means of classroom educational settings (Ch'ng, 
2024). Furthermore, there is a risk that the sensory 
qualities of specific food products might be adversely 
affected due to changes in texture or color dispersion 
during the chewing process. 

2.3. Cold Plasma 

Cold plasma is also called nonthermal plasma, produced 
by the ionization of gas at low temperatures usually up to 
atmospheric pressure (Yepez, Misra, & Keener, 2020). 
The technology is also known to be a powerful long-term 
disinfectant, capable of inactivating many microorganisms 
on the surfaces of food and within packaging (Shahi et al., 
2021). Applications of cold plasma such as 
decontamination of fresh produce, meat, and food contact 
surfaces from pathogens (e.g., E. coli O157:H7), or in new 
packaging materials to improve the safety behavior along 

with shelf-life are very promising (Umair et al., 2023). 
Cold plasma provides antimicrobial activity due to 
generation of reactive species such as free radicals, ions, 
and UV photons that interact with microorganisms causing 
cell damage (Dharini, Jaspin, & Mahendran, 2023). Cold 
plasma can be made with different methods including 
dielectric barrier discharge, corona discharge, and also 
plasma jet (Anuntagool, Srangsomjit, Thaweewong, & 
Alvarez, 2023). As compared to traditional thermal 
decontamination methods cold plasma technology has 
several advantages improved food safety, reduced usage of 
chemicals, and energy conservation (de Araújo Bezerra et 
al., 2023). However, ultrasound for food processing also 
has limitations in penetration depth (independent of 
wavelength), possible adverse effects on food quality, and 
the need to study process parameters further or develop 
appropriate scientific knowledge/pathways behind them 
besides standardizing protocol components so that they 
comply with regulations. 

2.4. Irradiation 

Irradiation is a non-thermal process that leads to a 
significant reduction in the microbial load of food, using 
any source of ionizing radiation like gamma rays, electron 
beams, or X-rays without inducing major thermal damage 
(Danyo, Ivantsova, & Selezneva, 2023). Irradiation of food 
including spices, poultry, and fruits has been approved as a 
way to enhance safety (Mondal & Akhtaruzzaman, 2024). 
Irradiation functions by altering the molecular structure of 
microbial DNA resulting in loss or impairment of their 
reproduction,  present study, and hence causes deactivation 
(Rai & Dutta, 2024). It is conducted in specialized 
facilities, with the intensity and duration of radiation 
specifically adjusted to achieve targeted microbial lethality 
without detrimentally affecting quality or safety 
(Chmielewski, 2023). Some of the advantages of 
irradiation for foods are improved food safety, shelf-life 
extension, and reduced chemical usage as compared to 
other preservation methods (Allai et al., 2023). 
Nevertheless, it also has drawbacks like a negative 
perception among consumers and to some extent, possible 
adverse impacts on the nutritional quality of food 
requirements for specialized premises and adherence with 
regulatory framework. 
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Fig.1: Nonthermal food processing techniques 

 

III. BENEFITS AND SUSTAINABILITY 

CONSIDERATIONS OF NONTHERMAL FOOD 

PROCESSING 

The non-thermal food processing technologies have been 
getting attention in the past few years, which is mainly due 
to their potential benefits as well as sustainability concerns 
(Bigi et al., 2023). In this review, we elaborate on the 
energy-saving potential and nutritional retention of 
nonthermal processing methods compared to traditional 
thermal treatment, in combination with reduced food waste 
as well as lower environmental impact. 

3.1. Energy efficiency 

Food processing by nonthermal technologies contributes to 
a greater energy efficiency of up to 20 times than thermal 
methods, such as conventional food preservation 
techniques (Bigi et al., 2023). Nevertheless, the reduced 
energy consumption associated with these methods is 
probably a result of the lower temperatures at which they 
function or the more precise delivery of energy 
(Amanowicz, Ratajczak, & Dudkiewicz, 2023). 
Consequently, HPP employs extremely high pressures 
(usually ranging from 400 to 600 MPa) to deactivate 
microorganisms and enzymes without the need for 
substantial heat treatment (Kateh, Purnomo, & Hasanah, 
2024). 

This pressure method obviates the need for high-
temperature annealing, which carries a heavy toll on 
energy (Khanna, 2023). Likewise, PEF is another 
emerging technology that has been used to impact the cell 
membrane of microorganisms by applying low-duration 
voltage electrical pulses rather than long thermal 

processing (Poompavai & Gowri Sree, 2023). Cold Plasma 
processing is even better as it creates a reactive and low-
temperature environment to kill food surface 
decontaminant so that the reliance on thermal energy can 
be cut off (Nwabor et al., 2022). These non-thermal 
processing techniques can decrease the energy 
requirements of food manufacturing, potentially leading to 
lower operational expenses for manufacturers (Pereira & 
Vicente, 2010). Additionally, these approaches are more 
environmentally benign, which suggests that their carbon 
emissions would be less than those of traditional thermal 
processing methods (S. Khan et al. 2022; Jayakumar et al., 
2023). This translates directly to modified atmosphere 
packaged products with a dramatic decrease in O2 and an 
increase in CO2 (Liang et al., 2024). These intrinsic 
characteristics are noteworthy as they do not pose a risk of 
packaging leakage; instead, they can be managed 
throughout the nonthermal processing stage (10), which 
will diminish energy usage akin to conventional cooking 
methods4only more efficiently! (nonthermal processes 
require less power generation and involve lower 
greenhouse gas emissions). 

3.2. Nutritional preservation 

Non-thermal food processing excels in maintaining the 
food9s native nutritional, sensory, and functional 
properties, among other significant advantages (Q. Wang 
et al., 2023). In recent times, non-thermal techniques have 
emerged as viable substitutes for traditional pasteurization 
or sterilization in the preservation of food, particularly for 
retaining heat-labile essential components4such as 
vitamins, minerals, and antioxidants4that are often 
degraded by conventional thermal treatments (Bhavya & 
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Hebbar, 2023; Karim et al., 2023).For instance, various 
studies have demonstrated that non-thermal processing 
methods, like pulsed electric field (PEF) treatment, result 

in superior retention of vitamin C, carotenoids, and 
polyphenols in fruit juices compared to heat-pasteurized 
products (Al-Juhaimi et al., 2018; Ghanem et al., 2024). 

 

Fig.2: Benefits and sustainability considerations of nonthermal food processing 

 

The antioxidant content in PEF-treated milk or fruit juice 
is comparable to that of fresh products (aalabevičius, 
Uždavinytė, Visockis, Ruzgys, & aatkauskas, 2023). 
Furthermore, the application of pulsed electric field (PEF) 
technology is linked to the conservation of flavors and 
fragrances that closely mimic those found in fresh food 
items (del Carmen Razola-Díaz et al., 2024). In a parallel 
manner, Cold Plasma treatment has demonstrated its 
efficacy in the eradication of surface pathogens from fresh 
agricultural products while exerting a negligible effect on 
the sensory and nutritional quality of the goods (Y. Wang 
et al., 2024). Non-thermal processing holds the promise of 
enhancing human health and well-being by reducing the 
degradation of bioactive compounds during food 
production and distribution while preserving the natural 
nutritional and functional properties of foods (Núñez-
Delgado, Mizrachi-Chávez, Welti-Chanes, Macher-
Quintana, & Chuck-Hernández, 2024; Sharma et al., 
2024). This aligns with the growing consumer trend 
toward less processed, whole foods that maintain their 
nutritional integrity. 

3.3. Food waste reduction 

Nonthermal food processing technologies too, have the 
potential to decrease waste across the supply chain (by 
sustaining the shelf-life and safety of those products) 
(Režek Jambrak, Nutrizio, Djekić, Pleslić, & Chemat, 
2021). HAPP and PEF both have the ability to inactivate 

spoilage microorganisms as well as enzymes, thus 
preserving perishable food items such as fruit juice, meat 
products, or dairy applications for an extended period 
(Amit, Uddin, Rahman, Islam, & Khan, 2017).  

The longer shelf-life could mean fewer losses in storage, 
transportation, and retail display as well as by consumers 
due to spoilage (Mortazavi, Kaur, Farahnaky, Torley, & 
Osborn, 2023). Furthermore, enhancing the microbial 
safety of foods processed without heat can help decrease 
the incidence of foodborne illnesses and as a result, lower 
the amount of waste caused by product recalls or 
consumers9 reluctance to purchase affected items 
following outbreaks (Islam et al., 2022; Wansink, 2004). 
Nonthermal processing can help support the broader 
sustainability of the food system by reducing food waste 
(Djukić-Vuković, Mladenović, Pejin, & Mojović, 2022). 
Less food waste means better use of resources, lower 
environmental impacts, and more available food - all 
essential for improving global sustainability of the world's 
environmental challenges, as well to ensure long term 
availability. 

3.4. Environmental impact 

The use of nonthermal food processing technologies can 
save significantly more energy and offer greater 
environmental benefits compared to thermal methods for 
the preservation of foods other than dehydrated products 
(Zou, Khan, et al. 2024; Boateng, 2024). Low power use: 
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This is the most critical pro of using renewable energy 
while it performs (Jenkins & Ekanayake, 2024). 
Nonthermal techniques such as high-pressure processing 
or pulsed electric fields typically function at a lower 
temperature; thus the minimum stress is needed for heating 
and cooling steps accompanying them providing essential 
energy-saving (Bigi et al., 2023; Brito & Silva, 2024). 
Meaning, lower greenhouse gas emissions and carbon 
footprint for food processing facilities (Zou, Hussain, et al. 
2024; Shabir et al., 2023). In nonthermal processing, heat-
induced nutrient and quality degradation can also be 
minimized thus further raising yield while reducing food 
wastage along the supply chain (Safwa et al., 2023). 
Decreased food waste contributes to reduced resource 
inefficiency and the environmental impact of wasted food 
that is generated, transported, and disposed of (Onyeaka et 
al., 2023). Other nonthermal technologies (ie, UV light; 
cold plasma) also have the potential to minimize water 
consumption and wastewater generation in comparison 
with traditional cleaning and sanitization methods 
(Gururani et al., 2021; Mumtaz et al., 2023). These 
technologies can support food processing sustainability, 
for the international community as well by conserving 
water and reducing the load on wastewater treatment 
infrastructure (Javan et al., 2023; Obaideen et al., 2022). 
"Moreover, the incorporation of nonthermal technologies 
can facilitate the development of closed-loop or circular 
production systems, where waste streams and byproducts 
from high-value processing steps are effectively utilized, 
thereby minimizing the environmental footprint associated 
with food processing operations." (Almaraz-Sánchez, 
Amaro-Reyes, Acosta-Gallegos, & Mendoza-Sánchez, 
2022; Kabir, Akter, Huang, Tijing, & Shon, 2023; Paini et 
al., 2022). This also validates the broader pivot towards a 
more circular food economy, which minimizes waste and 
resource consumption (Zhang, Dhir, & Kaur, 2022). In 
sum, the environmental advantages of nonthermal food 
processing technologies i.e. low energy consumption along 
with reduced footprint in terms of greenhouse gas 
emissions; potential to combat waste across various stages 
from farm-to-fork and value realization opportunities for 
water streams/wastes is a sustainable route toward future 
safe food manufacturing strategies. 

 

IV. CHALLENGES AND FUTURE DIRECTIONS 

4.1. Scalability and cost-effectiveness 

Despite the environmental and quality benefits, large-scale 
implementation of nonthermal food processing 
technologies in the industry is challenging from a 
scalability perspective as well as cost-effectiveness 
(Chacha et al., 2021). A significant hurdle to the 

widespread adoption of nonthermal technologies is the 
substantial upfront investment required for specialized 
equipment and infrastructure needed for industrial-scale 
production (Rajabloo, De Ceuninck, Van Wortswinkel, 
Rezakazemi, & Aminabhavi, 2022). Nonthermal processes 
may require more complex and elegant machinery relative 
to conventional thermal processing systems rendering such 
apparatus costly especially for smaller-scale food 
industries (Keșa et al., 2021; Noble, Todorova, & 
Yarovsky, 2022). Further, full-scale finite element 
nonthermal models have yet to be developed based on 
model parameter selection accompanied by process 
simulations along with the assessment of operational costs 
against all other forms or terms comprises an appropriate 
challenge (Duchnowski & Brown, 2024; Melchiorri, 
2024). For these reasons, practical and economic 
evaluations of waste-water treatments with ozonation are 
necessary in terms of energy consumption, throughput 
rates, and integration into existing processing lines (Monje 
et al., 2022; Thakur et al., 2023). In turn, researchers and 
food industry stakeholders aim to overcome these 
challenges through the inclusion of different methods to 
increase quality assurance while minimizing defects 
(Antony et al., 2024; I. Khan et al. 2023). This has 
included the design of more compact, modular equipment 
as well as adjusting process parameters to improve energy 
efficiency and throughput in all different temperature 
ranges (Allouhi, Rehman, Buker, & Said, 2023; Tilahun, 
2024). Collaborative industry-academia partnerships and 
supportive policies, and incentives can encourage the 
deterrence of financial constraints faced by industries in 
adopting these non-thermal technologies into their 
processing lines thus helping to invest substantially in 
scaling up research and development (Wyns, Khandekar, 
& Groen, 2019). Still, as that technology develops and 
economies of scale benefit the industry at large; 
nonthermal will become increasingly cost-competitive 
with thermal standards in terms of both capital and 
operating costs - making these sexy solutions ever more 
viable for broad adoption across food. 

4.2. Regulatory approval and consumer acceptance 

Such nonthermal processing methods may find a variety of 
potential applications in the food industry, but regulatory 
approval and consumer acceptance can be obstacles to 
their implementation (Zhao, de Alba, Sun, & Tiwari, 
2019). Regulatory bodies must establish rigorous 
guidelines for the approval of new processing 
technologies, and food safety as well as product quality are 
always priority concerns (Okpala & Korzeniowska, 2023). 
Nona thermal processing technologies such as high-
pressure, pulsed electric fields, cold plasma, etc., require 
an adequate amount of research and testing to ensure 
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pathogens' inactivation along with retention of food quality 
(nutritional), preservation attributes (Delbrück, 2022; 
Galanakis, 2015).Therefore, the information about 
processes needed for certification under different storage 
events could be a laborious job for stakeholders) 
Regulations in different countries and regions differ 
(Zeberer), which makes the uptake of these technologies 
more difficult Aside from regulatory clearance, consumer 
liking must pave the way for a successful deployment of 
nonthermal processing (Hassoun et al., 2023). Many 
consumers are not familiar with or misinformed about 
these new technologies, and communication and education 
programs may be needed to clarify the facts accurately so 
that confidence can grow (Allchin, 2023). Managing the 
level of consumer regard to food safety, nutrition, and 
transparency is key for overcoming apprehensions about 
nonthermal-processed food products (and another study 
focused specifically on APP-treated beef); Nevertheless, a 
long-term sustainable partnership among food industry 
stakeholders together with regulators and consumer groups 
is essential to accelerate the acceptance process and also 
provide mechanisms for enhancing consumer awareness 
regard nonthermal methods that would increase trust in 
such technologies. 

4.3. Integration with existing infrastructure 

Integrating nonthermal processes into current food 
manufacturing sites and the logistics of the supply chain 
may be quite challenging (Chakka, Sriraksha, & 
Ravishankar, 2021). The incorporation of these new 
technologies may necessitate large investments, in terms 
of changes to current processing setups infrastructure, 
equipment upgrades, and modifications to existing 
workflows (Atkinson, Gesing, Montagnat, & Taylor, 
2017). Nonthermal processing methods can require food 
manufacturers to retrofit their sites for niche equipment 
and operating systems (Hussain et al. 2024; Aguilar et al., 
2019). Examples of such adjustments include the 
retrofitting or reconfiguration of production lines, as well 
as updating storage and transportation systems to 
accommodate these changes in processing techniques 
(Carman, 2002) (Krishnan, Yonca, & Comes, 2023; 
Moreno-Rangel & Dalton, 2023). In addition, any 
nonthermal approaches must be economically viable and 
suitable for implementation further downstream within the 
wider food supply chain to ensure that they are generic 
enough concerning packaging, distribution, or retail 
handling (Sovacool et al., 2021). There are also the 
logistics, e.g. cold chain or batch sizes - which means 
careful planning and implementation are required here as 
well (Richards & Grinsted, 2024). To combat integration 
problems, food processors and equipment makers are 
starting to work more closely together as they develop new 

modular nonthermal processing systems that can be easier 
to integrate into operations (Picart-Palmade, Cunault, 
Chevalier-Lucia, Belleville, & Marchesseau, 2019). 
Current research and development in that area are focused 
on the creation of these solutions which can significantly 
reduce any potential impact on existing food processing 
procedures while helping to smoothen both integration and 
acclimatization processes for non-thermal technologies 
(Bigi et al., 2023; Picart-Palmade et al., 2019). 

4.4. Optimization of process parameters 

Integrating nonthermal processes into current food 
manufacturing sites and logistics of the supply chain may 
be quite challenging (Kumar, Panghal, & Garg, 2024). The 
incorporation of these new technologies may necessitate 
large investments, in terms of changes to current 
processing setups infrastructure, equipment upgrades, and 
modifications to existing workflows (Luna, 2024; Shukla 
& Dubey, 2024). Nonthermal processing methods can 
require food manufacturers to retrofit their sites for niche 
equipment and operating systems (Luna, 2024). Examples 
of such adjustments include the retrofitting or 
reconfiguration of production lines, as well as updating 
storage and transportation systems to accommodate these 
changes in processing techniques (Carman, 2002) 
(Moreno-Rangel & Dalton, 2023). In addition, any 
nonthermal approaches must be economically viable and 
suitable for implementation further downstream within the 
wider food supply chain to ensure that they are generic 
enough concerning packaging, distribution, or retail 
handling (Sovacool et al., 2021). There is also the 
logistics, e.g. cold chain or batch sizes - which means 
careful planning and implementation are required here as 
well (Altekar, 2023). To combat integration problems, 
food processors and equipment makers are starting to work 
more closely together as they develop new modular 
nonthermal processing systems that can be easier to 
integrate into operations (Bramsiepe et al., 2012). Current 
research and development in that area are focused on the 
creation of these solutions which can significantly reduce 
any potential impact on existing food processing 
procedures while helping to smoothen both integration and 
acclimatization processes for non-thermal technologies. 

4.5. Future perspectives 

In this ever-changing global scenario of the food industry, 
innovative nonthermal processing technologies discussed 
in the review could play a major role and are very 
promising to bring revolution in food materials treatments. 
One clear direction for the future is increasing the 
scalability and cost-effectiveness of nonthermal systems. 
Future work should focus on accelerating R&D, to refine 
the design and manufacturing of these technologies so that 
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they can eventually be fully integrated within the fabric of 
existing food processing infrastructure at a cost-
performance level competitive with traditional thermal 
methods. Advances in system engineering, materials 
science and in process automation will be necessary for the 
scale-up of non-thermal technologies to their full potential. 
Next to the technical improvements, nonthermal 
processing will have to be widely introduced as part of an 
integrated chain in close collaboration between 
researchers, regulatory bodies and the food industry. The 
task of setting rigorous standards around safety and quality 
(health considerations aside), as well as, education 
knowing that this is happening are some immediate areas 
for necessary attention. Because consumer acceptance is 
key to adopting new food technologies, strategic 
communication and transparency will be essential in 
earning the confidence needed for nonthermal processing 
methods to attain more widespread use within our 
mainstream food supply chains. The continuous 
optimization of process parameters and investigation of 
alternative nonthermal methods will overcome these 
potential issues to deliver products with replicable product 
quality, safety, and sensory attributes. By examining the 
synergistic effects associated with combining different 
nonthermal technologies, new areas could be targeted for 
diversifying applications and broadening horizons towards 
revolutionary food processing solutions. It would also 
consider the logistical challenges of integrating nonthermal 
technologies into current food supply chains. New ways of 
transportation and storage solutions along with the 
establishment of decentralized processing facilities will 
inevitably play a part in revising current bottlenecks - via 
its seamless inclusion into the supply chain. In short, 
progress in nonthermal food processing will not work 
without the multi-topic and transdisciplinary detail gaze. 
Interdisciplinary connections between food scientists, 
engineers (from process to material science), and 
sustainability experts can help catalyze the translation of 
novel concepts from ideas into practical solutions. The 
combined effort from both organizations will play a 
critical role in leading the evolution of the food system to 
become even more sustainable, resilient, and climate-
friendly moving forward. 

 

V. CONCLUSION 

Recent years have seen nonthermal processing methods 
such as High-Pressure Processing (HPP), Pulsed Electric 
Fields (PEF), and Cold Plasma surfaces, providing 
alternative solutions to sustainability issues in food 
production and supply chains. All of these emerging 
technologies provide a range of benefits to create more 
sustainable and resilient global food systems. These 

methods of nonthermal processing maintain the nutritional 
and quality properties of food products which are 
susceptible to degradation by heat process, consequently 
enabling producers to prepare healthier as well as more 
pleasurable food items. Besides, these efforts display 
exceptionally good energy efficiency as compared to 
traditional thermal processing reducing the related power 
usage and greenhouse gas emissions by a large factor. This 
improved energy efficiency and minimized environment 
impact fits right within global efforts to combat climate 
change, and its built around new sustainable 
methodologies. Moreover, the use of non-thermal 
technologies helps to prevent food waste along the supply 
chain thanks to prolonged shelf-life for perishable foods 
with controlled essential attributes. This comprehensive 
use of the cutting-edge technology will be instrumental to 
ensuring that food production and consumption become 
more sustainable in order to meet global concerns about 
resource conservation, environmental integrity and 
depletion or shortage. 
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Abstractð This review provides an exhaustive examination of the efficacy and mechanisms of action of 

various feed additives in pig diets, including acidifiers, essential oils, prebiotics, probiotics, and feed 

enzymes. The additives' impact on growth performance, gut health, and antibiotic reduction is critically 

evaluated. The review elucidates the additives' mechanisms of action, encompassing antimicrobial activity, 

immune modulation, and nutrient digestion enhancement. A meta-analysis of the additives' effects on 

growth performance metrics, including average daily gain and gain-to-feed ratio, is presented. The review 

highlights the necessity for further research to optimize additive usage and elucidate their effects on pig 

production. Additionally, the importance of tailoring diets to meet the specific needs of young pigs and 

promoting gut health and development is emphasized. This comprehensive review synthesizes the current 

state of knowledge on feed additives in pig diets, providing valuable insights for researchers, producers, 

and industry stakeholders. 

Keywordsð Pig farming, Feed additives, Probiotics, Essential oils, Enzymes, Antibiotic alternatives. 

 

I. INTRODUCTION 

Pig farming is a common practice in various parts of 

India, particularly in the South-Central and North Eastern 

Regions (NER). Each region has its own locally adapted 

pig breed, and most households raise one or two pigs 

annually (Mahak et al., 2020). Pigs are highly valued for 

their ability to convert kitchen and agricultural waste into 

nutrient-rich fertilizer, and their meat is consumed 

occasionally, often as part of local celebrations 

(Bujarbaruah et al., 2007; McAuliffe et al., 2017). 

Although pork consumption has a long history in India, the 

smallholder model of raising pigs as part of diverse agro-

ecosystems defines much of the country's pig and pork 

history (Das and Bujarbaruah, 2005; Kakati et al., 2019). 
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