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ABSTRACT

RNA interference (RNAi) is an effective tool for gene silencing and a promising gene regulatory 
approach in functional genomics that has a significant impact on crop improvement which permits 
down-regulation in the gene expression with a greater precise manner without affecting the expression 
of other genes. RNAi gene silencing mechanism is expedited by small molecules of interfering RNA to 
suppress a gene of interest effectively. It has several advantages over traditional transgenic approaches as 
genetically modified RNAi plants do not contain transgene proteins. This novel approach has witnessed 
a variety of potential applications in agriculture for crop improvement, including the development of 
disease-resistant, abiotic or biotic stress tolerant, and high-yielding elite varieties, nutritional quality 
improvement, removal of allergens and toxins, delayed ripening of fruit and vegetables for longer 
storage period and enhancement of secondary products. This revolutionary technology could be further 
exploited to open many new avenues in the development of eco-friendly biotech approaches for crop 
protection and improvement. There is a great need to strengthen research and development activities in 
this promising area for proper, effective, and safe utilization of these tools as sustainable solutions for 
crop improvement.

Key words: Crop improvement, disease resistance, functional genomics, gene silencing, nutritional quality, 
RNA interference

INTRODUCTION

Gene silencing phenomenon can occur 
either through repression of transcription, termed 
transcriptional gene silencing (TGS), or through 
mRNA degradation, termed post-transcriptional 
gene silencing (PTGS). TGS results in the reduction 
of transcription whereas PTGS results in sequence-
specific mRNA degradation in the cytoplasm 
without dramatic changes in the transcription of the 
corresponding gene in the nucleus. Both TGS and 
PTGS are used to regulate the endogenous genes. 
Interestingly, mechanisms of the gene silencing also 
protect the organism’s genome from transposons, 

and viruses (Angaji et al., 2010). Andrew Fire 
and Craig Mello have received Nobel Prize in 
Physiology/Medicine in 2006 for this important 
breakthrough discovery of RNA interference-
mediated gene silencing in 1998 (Fire et al., 1998). 
RNAi-mediated gene silencing has proven to 
be novel and a potential reverse genetics tool for 
functional genomics to decipher the function of 
genes through genome-wide screening in different 
eukaryotic organisms, including plants (McGinnis, 
2010). It is a powerful strategy for silencing genes 
for the genetic improvement of several desirable 
plant characteristics including biotic and abiotic 
stress tolerance (Saurabh et al., 2014). The pesticides 



92 e-planet 20 (2): 91-104DAS AND BAISAKH

 

which are deliberately used in agricultural practices 
for protection of the crops from diseases and pests 
are highly toxic thus create potential risk to the 
environment and human health. It has been generally 
accepted that the world population is expected to 
exceed nine billion people by 2050. Supplying this 
population with safe, secure, and healthy food will 
challenge the world’s agricultural resources and 
production systems (Kebreab, 2015). In order to 
meet the projected demand for food production, 
we have to adopt various promising technologies 
like RNA interference (RNAi)-based strategies 
for the improvement of crop yield and quality by 
protecting crop plants against biotic (pathogens, 
insects and nematodes) and abiotic (salinity, 
drought, etc.) stresses, by eliminating/reducing 
toxins and allergens in plant food materials.

RNAi AND GENE SILENCING MECHANISM

RNA interference is a highly sequence-
specific gene silencing mediated by double-
stranded RNA (dsRNA). The dsRNA can trigger the 
RNAi pathway. RNAi pathways are evolutionary 
conserved across eukaryotic systems and are 
involved in defense against viruses, transposons, 
and transgenes, and regulation of genes associated 

with plant developmental processes and stress 
responses (Mamta and Rajam, 2017). Two types of 
RNA interference (RNAi) can be involved in plants: 
small interfering RNA (siRNA) and microRNA 
(miRNA). The miRNA is single-stranded (Bartel, 
2004; Carthew and Sontheimer, 2009), whereas 
the siRNA functions as a small dsRNA (21-27 
nt) produced from cleavage of a larger double-
stranded RNA (dsRNA), designated as a precursor 
(Nakahara and Carthew, 2004). The precursor 
dsRNA is cleaved to produce the effectors small 
RNAs (sRNAs) of 21-24nt size by RNAase 
III enzyme Dicer. The sRNAs include small 
interfering RNAs (siRNAs) and/or micro RNAs 
(miRNAs). These sRNAs are then involved in a 
multiprotein complex known as RNA Induced 
Silencing Complex (RISC) in which Argonaut 
protein is present and it degrades the passenger 
(sense) strand of sRNAs. Then, the activated 
RISC along with the guide (antisense) strand of 
sRNAs can find the cognate target messenger 
RNA based on the complementary sequence and 
degrade or repress the translation based on the 
extent of sequence similarity as a result there is 
no protein (Fig. 1). 

Fig. 1. Biogenesis and mechanism of action of siRNAs for gene silencing (Yogindran and Rajam, 2015) 
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The siRNA pathway is induced by dsRNA 
formed due to viruses, transposons, or introduced 
transgenes, and is involved in defense against such 
invasive nucleic acids. On the other hand, miRNAs 
are generated from endogenous genes, which 
are mostly transcribed by the RNA polymerase 
II (rarely RNA polymerase III) to produce the 
primary miRNA (primiRNA), which is then 
processed into precursor miRNA (pre-miRNA) 
by Dicer like-1 (DCL1). The pre-miRNA is then 
cleaved again by DCL1 to form miRNA/miRNA* 
duplex, which is transported to the cytoplasm by an 
exportin-like protein. The miRNA duplex is then 
transferred to RISC, where the passenger strand 
is selectively degraded by argonaut protein, and 
the single-stranded mature miRNA (guide strand) 
along with RISC is involved in the degradation 
or translational repression of the target mRNA 
(Rajam, 2020), presented in Fig. 2.

CBP20 and CBP80. Pri-miRNAs and pre-miRNAs 
are sequentially processed by DCL1 to yield one 
or several phased miRNA/ miRNA* duplexes, 
which are methylated by HEN1 and transported to 
the cytoplasm by HST1. The miRNA is selected 
and incorporated into dedicated AGO1-containing 
RISC that directs cleavage or translation inhibition 
of the target mRNA transcript. (Yang and Li, 2012)

RNAi IN CROP IMPROVEMENT

RNAi for the development of plant disease 
resistance

Plant breeders have adopted different 
approaches for developing pathogen-resistant 
genotypes are tedious and time-consuming but 
in the last decade, RNAi-induced gene silencing 
emerged as an effective tool to create resistance 
against many diseases of economic importance 
caused by bacteria, fungi, and viruses and opened 
new avenues in the development of eco-friendly 
techniques for plant improvement as specific genes 
are suppressed which cause disease. In the RNAi 
approach, double-stranded RNA (dsRNA) acts as 
an igniter in the RNA interference and activates 
the homologous mRNAs to inhibit its translation 
and transcription to silence the susceptible genes 
(Almeida and Allshire, 2005). Host gene silencing-
hairpin RNAi (HGS-hpRNAi) is reported as a 
more stable gene silencing method that can be 
employed to increase fungal and bacterial disease 
resistance by changing the gene expression against 
pathogens through genetic engineering in the host 
plant (Senthil-Kumar and Mysore, 2010). In rice, 
RNAi can knockdown OsSSI2 (OsSSI2-kd) that 
cause increased resistance against the bacterial 
pathogen (Xanthomonas oryzae pv. oryzae) of leaf 
blight which is one of the most destructive diseases 
of rice that causes a significant yield loss (Jiang et 
al., 2009; Das et al., 2021). The siRNAs proved 
effective against the crown gall disease in Nicotiana 
and Lycopersicum species caused by a pathogen 
Agrobacterium tumefaciens by the transformation 
of inverted repeats of this pathogen genes ipt and 
iaaM to encode precursors of biosynthesis for auxin 
and cytokinin (Escobar et al., 2001). Gene silencing 
can be obtained by a host-induced gene (Avra10), 
which results in limited fungal disease attached in 

Fig. 2. miRNA biogenesis pathway in plants: miRNA 
genes are transcribed by RNA Polymerase II into pri-
miRNAs that fold back to form hairpin structure. 

Splicing and further processing in nuclear 
involve the interactive functions of HYL1, DDL, 
TGH and SE and of the cap-binding proteins 
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wheat (Triticum aestivum) and barley (Hordeum 
vulgare) through a transient gene expression 
resistant to RNAi because of the silent point 
mutations which suggest that the transfer of RNA 
from the host plant to the fungal pathogen Blumeria 
graminis, leads to RNAi-based plant protection. 
RNA silencing also employs as a natural antiviral 
defense mechanism to develop resistance in plants 
against viral diseases by virus-induced gene 
silencing (Ding, 2010). RNA silencing hosts target 
protein translation and process the virus-mediated 
dsRNA, which results by pathogen replication into 
virus-mediated siRNAs (vsiRNAs). These vsiRNAs 
then target and suppress gene expression and protein 
translation in the virus genes. For stabilization 
of the defense system, the virus encodes a ‘viral 
suppressor of RNA silencing protein’, that has been 
identified and isolated from various plant viruses 
(Ding and Voinnet, 2007). Bayer Crop Science has 
acquired a worldwide license to develop, market, 
and sell selected crop plant varieties in which the 
RNAi technology has been successfully applied 
by the CSIRO scientists. Using this technique this 

group has developed varieties of barley that are 
resistant to BYDV (barley yellow dwarf virus) 
(Wang et al., 2000). Domínguez et al. (2000) have 
developed transgenic citrus plants expressing the 
coat protein gene of the Citrus tristeza virus. Scorza 
et al. (2001) revealed for the first time RNAi's role 
in virus resistance in woody perennial species and 
produced Plum pox virus (PPV) resistant genotypes 
containing the PPV coat protein gene. Viss et al. 
(2003) successfully developed crown-gall-resistant 
transgenic apple trees that silence Agrobacterium 
tumefaciens oncogenes (iaaM, iaaH, and ipt). 
Another success is the silencing of multiple genes in 
the apple scab fungus Venturia inaequalis reported 
by Fitxgerald et al. (2004). The development of 
Papaya variety resistance to papaya ringspot virus 
(PRSV) by this technology is a promising example 
that reflects the success of RNAi (Gonsalves, 
2006). In the last decade, many scientists reported 
the successful application of this technology in 
different crops for the development of resistance to 
different pathogens (Table 1).

Table 1. Use of RNAi technology in various crop plants against different pathogens

Pathogens Targeted genes Effects Crop References

Blumeria graminis Virulence effector (Avra10) Reduced fungal 
development

Wheat Nowara et al., 2010

Puccinia 
striiformis f. sp. 
Tritici 

Calcineurin homologue (PsCNA1, 
PsCNB1)

Slower extension 
of fungal hyphae

Wheat Yin et al., 2010

Mitogen-activated protein kinase 
(MAPK1), Cyclophilin (CYC1), 
Calcineurin regulatory subunit (CNB)

Reduced virulence Wheat Panwar et al., 2013

B. graminis f. sp. 
hordei

Ribonuclease-like protein, Virulence 
effector, Glucanase, Metalloprotease

Reduced virulence Barley Pliego et al., 2013

Fusarium 
graminearum

Cytochrome P450 lanosterol C-14a-
demethylase (CYP51

Inhibition of fungal 
growth

Wheat Koch et al., 2016

Verticillium wilt Ave1, Sge1, and NLP1 Reduced virulence Tomato Song & Thomma, 
2016

Puccinia 
striiformis f. sp. 
tritici

Tritici Protein kinase, A catalytic 
subunit (PsCPK1)

Reduced virulence Wheat Qi et al., 2018

Glycine-serine-rich effector 
(PstGSRE1)

Reduced virulence 
and increased 
H2O2 accumulation

Wheat Qi et al., 2019
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RNAi for the development of plant pest 
resistance

Although plant breeders have developed 
various insect and nematode resistant cultivars, but 
these approaches are tedious and time consuming. 
The common practice of using pesticides to 
control pests creates many adverse effects on 
human health and the environment. The transgenic 
approach although effective and replaced chemical 
insecticides in many crops, but this approach is 
limited for some specific crops to manage some 
specific pests, and there is also a threat that 
some insects can develop resistance (Gordon and 
Waterhouse, 2007). RNAi offers robust and more 
selective pathway for combating various destructive 
insects and nematodes that cause significant 
economic losses in agriculture. Baum et al. (2007) 
demonstrated in western corn rootworm (WCR) 
ingestion of dsRNAs provided in the diet can trigger 
the RNAi which results in stunted larva growth and 
their death. They further confirmed that transgenic 
corn plants which are engineered for WCR dsRNAs 
expression exhibited a substantial reduction in 
insect damage that suggests RNAi pathway is 
effective and can be exploited further to control 
coleopteran insects. Mao et al. (2007) reported 
a new strategy for plant-mediated herbivorous 
insects RNAi, which describes the suppression 
of a critical insect gene through insect feeding on 
plant engineered to develop a specific dsRNA that 
can prompt dissection of gene functions in these 
insects. They further reported that the herbivorous 
insect RNAi efficiency can be stimulated by 
ingestion of transgenic dsRNA-producing plants 
that are gene-specific and proved effective against 
cotton bollworms (Helicoverpa armigera) damage. 
A gene ‘CYP6AE14’ was identified in Helicoverpa 
armigera. After feeding on plant material exhibiting 
dsRNA specific to gene ‘CYP6AE14’, the effect of 
the transcript decreased in the midgut, and larva 
growth was also retarded. The gene silencing of 
‘glutathione-S-transferase’ (GST1) can trigger the 
RNAi process when herbivorous insects feed on 
plant material expressing dsRNA. RNAi-mediated 
death of whitefly via oral dissemination of dsRNA, 

targets ADP/ATP, translocase, a-tubulin, ribosomal 
protein L9 actin ortholog, and v-ATPase A genes 
responsible for insect mortality (Upadhyay et. 
al., 2011). RNA Interference in the expression of 
the targeted genes results in various phenotype 
disturbances viz. Stunted growth, moulting defects, 
and insect mortality (Thakur et al., 2014).

RNAi approach has appeared as a novel 
tool to control plant parasitic nematodes and has 
been exploited in plants to develop resistance 
against nematodes (Fire et al., 1998; Graham et 
al., 2010). The delivery of dsRNAs from plant 
to nematode occurs by the ingestion process of 
plant cytoplasm and it accelerates the RNAi after 
its entry into the nematode body that results in 
inactivation of targeted genes through dsRNA 
(Gheysen and Vanholme, 2007). There are so 
many successful examples (Table 2) that proved 
its effectiveness against different insects and 
pests which have opened new pathways for crop 
protection by developing pest-resistant cultivars 
of crop plants. However, the success of the RNAi 
approach to control notorious pests mainly depends 
on the proper screening system for target gene 
selection and an appropriate delivery mechanism  
(Wang et al., 2011). 

RNAi for abiotic stress tolerance

The function of miRNAs (microRNA) in 
relation to abiotic stress like oxidative stress, cold, 
drought, and salinity were reported by Sunkar and 
Zhu (2004) in Arabidopsis plants under various 
abiotic stress. they also confirmed miR393 was 
sturdily up regulated when exposed to higher salinity 
levels, dehydration, cold, and abscisic acid (ABA). 
Additionally, miR402, miR319c, miR397b, and 
miR389a were controlled by abiotic stress under 
varying levels in Arabidopsis. RNAi technology 
may be a substitute for complex molecular 
techniques because of containing several benefits: its 
specificity and sequence-based gene silencing. This 
ability of RNAi has been efficaciously utilized for 
incorporating desired traits for abiotic stress tolerance 
in various plant species (Jagtap et al., 2011).
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Table 2. Use of RNAi technology in various plant species against different pests

Pests Targeted genes Effects Crops References
Insects
Sitobion avenae Catalase gene CAT Mortality wheat Deng and Zhao, 

2014
Salivary sheath 
protein 

Mortality/ fecundity/ 
transgenetional gene 
silencing

wheat Abdellatef et al., 
2015

Acetylcholinesterase 
gene SaAce1

Susceptibility/ 
fecundity 

wheat Xiao et al., 2015

Secreted salivary 
peptide DSR32, 
salivary protein 
DSR33, serine 
protease 1 DSR48

Mortality wheat Wang et al., 2015

Sitobion avenae Olfactory coreceptor 
gene SaveOrco

Impaired response wheat Fan et al., 2015

Lipase maturation 
factor 2-like gene 

Mortality/ fecundity wheat Xu et al., 2017

Laccase 1 (Lac1) 
Feeding 

Mortality wheat Zhang et al., 2018

Zinc finger protein 
(SaZFP) 

Mortality wheat Sun et al., 2019

Ecdysone receptor 
(EcR) and 
ultraspiracle

Mortality/ fecundity wheat Yan et al., 2016

Nilaparvata lugens NlHT1, Nlcar, Nltry Knockdown of 
midgut genes 

rice Zha et al., 2011

Diabrotica virgifera 
virgifera LeConte

Genes encoding 
proteins

Control of 
coleopteran insect 
pests

maize Baum et al., 2007

Bemisia tabaci v-ATPaseA Enhanced whitefly 
resistance 

tobacco Thakur et al., 2014

Helicoverpa 
armigera

Cytochrome P450 
gene (CYP6AE14)

Develop resistance 
to bollworm

cotton Mao et al., 2007

Myzus persicae Rack1, M. persicae 
C002 (MpC002)

Develop aphid 
resistance

tobacco Pitino et al., 2011

Nematodes
Meloidogyne 
incognita

Heat-shock protein 
90, isocitrate lyase, 
Mi-cpl-1

Reduced 
reproduction

wheat Lilley et al., 2007

Pratylenchus spp. Troponin C (pat-10) 
Calponin (unc-87)

Reduced 
reproduction

wheat Tan et al., 2013
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Among the genetically engineered plants, 
the rice exhibited gene expression of RACK1 
inhibition caused by RNAi, which explained 
the potential role of RACK1 in drought stress 
conditions in rice crops. The transgenic rice 
was observed with a superior level of tolerance 
in contrast to non-transgenic rice plants (Jian 
et al., 2010). Analysis of miRNAs and genome 
sequencing profiling were executed in drought-
studied rice at a various range of growth 
stages utilizing a microarray platform and 
16 miRNAs (miR1126, miR1050, miR1035, 
miR1030, miR896, miR529, miR408, miR156, 
miR171, miR170, miR168, miR159, miR397, 
miR396, miR319, miR172 and miRNA1088) 
were remarkably involved in down-regulation 
in response to drought stress (Liu et al., 2008) 
whereas 14 miRNAs (miR1125, miR159, 
miR903, miR169, miR901, miR171, miR896, 
miR319, miR395, miR854, miR851, miR474, 
miR845, and miRNA1026) were found in up-
regulation under drought stress and few miRNA 
gene families, like miR319, miR896, and miR171 
were recognized as both up-and down-regulated 
groups (Zhou et al., 2010). Upregulation 
throughout drought stress in maize crop has 
been studied by Wei et al. (2009) with miR474, 
which interact with proline dehydrogenase. In 
recent studies, miRNA-expressing patterns of 
drought tolerance wild emmer wheat in relation 
to drought stress were explored by utilizing a 
plant miRNA microarray platform (Kantar et al., 
2010). The miRNA expression has been studied 
in Phaseolus vulgaris and Brachypodium spp. for 
cold stress (Arenas-Huertero et al., 2009; Zhang 
et al., 2009). In wheat, 32 families of miRNA 
were distinguished, among them 9 identified 
miRNAs were supposed heat responsive. The 
miR172 was distinctly decreased, while miRNAs 
including (miR827, miR156, miR169, miR159, 
miR168, miR160, miR166, and miR393) were 
noticed with up-regulation in response to heat 
stress (Xin et al., 2010).

Now a days, soil salinity is designated a 
serious threat to agricultural production. Genetic 
techniques are presently being used to enhance 
tolerance against salinity with the help of using 

breeding methods, induced genetic variations, 
marker-assisted selection, functional genomics, 
bioinformatics, and either through selection in 
stressed environments or via QTLs mapping.  In 
P. vulgaris, it was reported that increment in the 
accumulation of miR159.2 and miRS1 with the 
addition of NaCl (Arenas-Huertero et al., 2009). In 
P. trichocarpa, miR171l-n, miR530a, miR1446a-e, 
miR1445, and miR1447 were down regulated; on 
the other hand, miR1450 and miR482.2 were up-
regulated in salt stress period (Lu et al., 2008).

RNAi for the crop quality improvement 

Workers on this crop were able to reduce 
the level of glutenin and produced a rice variety 
called LGC-1 (low glutenin content 1) by applying 
RNAi to improve rice plants (Kusaba et al., 2003). 
RNAi technology has been successfully used to 
generate a dominant high-lysine maize variant 
by knocking out the expression of the 22-kD 
maize zein storage protein, a protein that is poor 
in Lysine content (Segal et al., 2003). Tang et 
al. (2004) developed quality and normal maize 
seeds with high levels of lysine-rich proteins 
by RNA interference. The RNAi silencing 
technology can be used to silence the gene(s) 
responsible for the production of the neurotoxin 
in Lathyrus sativus called β-oxalylaminoalanine-
L-alanine (BOAA) (Williams et al., 2004). 
RNAi-mediated suppression of the gene DET1 
(DE-ETHIOLATED-1) expression under fruit-
specific promoters has been shown to improve 
carotenoid and flavonoid levels in tomato fruits 
with minimal effects on plant growth and other 
fruit quality parameters (Davuluri et al., 2005). 
The RNAi-induced silencing technology has 
enabled the creation of varieties of Coffee 
that produces natural coffee with low or very 
low caffeine content, thus by-pass the need of 
extraction (Van Uyen, 2006). A RNAi constructs 
designed by Regina et al. (2006) to silence the 
genes encoding the two starch branching isozymes 
of amylopectin synthesis, were expressed under a 
seed-specific promoter in wheat which resulted 
in increased grain amylose content to over 70% 
of the total starch content (Tang et al., 2007). The 
efficiency of RNAi and the targeted virus RNA 
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was significantly highlighted in plums (Scorza et 
al., 2013) and other fruit. In ‘Arctic’ apple, four 
genes are silenced that control polyphenol oxidase 
(PPO) production (Armstrong and Lane, 2009), 
which causes the production of brown melanin 
due to oxidation following fruit damage.

CHALLENGES AND FUTURE PROSPECTUS 
OF RNAi IN CROP PLANTS

While the perspective of using RNAi in 
agriculture for crop genetic improvement and 
protection appears to be promising, several 
challenges need to be resolved for efficient practical 
applications. 

Stability issues of dsRNA

Microorganisms in the environment can 
degrade dsRNA prior to their uptake by pathogens 
or pests. Rapid degradation of dsRNA may occur 
by nucleases in the saliva, gut lumen, and/or 
haemolymph of pests as well (Allen and Walker, 
2012; Katoch and Thakur, 2012; Chung et al., 2018). 
The high or low pH found in the gut lumens of some 
pests can also reduce dsRNA stability either directly 
or indirectly by affecting the activity of gut nucleases 
(Cooper et al., 2019). Several researchers show that 
dsRNA is degraded to undetectable levels within 48 h 
after their application on three types of soil (silt loam, 
loamy sand, and clay loam) and within 7 days after 
their addition to aquatic systems containing natural 
water and various types of sediment (Albright et al., 
2017; Fischer et al., 2017). Therefore, dissecting 
the process of dsRNA degradation is helpful in 
evaluating the potential effect of dsRNA in various 
environments target organisms and in the selection 
of cost-effective methods for dsRNA production.

Costly production of the required amount of 
dsRNA

The traditional dsRNA production method 
in the laboratory is expensive and produces only a 
limited amount of dsRNA and thus is not practical 
for large-scale application needs (Ahn et al., 2019). 
Producing dsRNA in bacterial cells with RNaseIII 
deficiency seems to be an alternative. However, 
only a handful of works have demonstrated 
microbial-based dsRNA production. One approach 

uses the L1440-HT115 (DE3) system that has been 
successfully applied in the RNAi of Mythimna 
separate (Zhang et al., 2010; Das et al., 2015; 
Parsons et al., 2018). 

Off-target effects

Although RNAi technology has been widely 
used for functional analysis and development of 
crop varieties due to its many advantages, non-
specific effects often referred to as off-target gene 
silencing should be considered. The off-target effects 
introduce uncertainty in gene function studies. 
Several studies show that siRNA is not always 
specific and can have off-target effects and thus is 
problematic in disease management (Mamta and 
Rajam, 2017). Also, some target genes are highly 
conserved between species which increases the 
likelihood of off-targets among them. The sequences 
of vATPase A and vATPase E from L. decemlineata, 
for instance, shared 83% and 79% nucleotide-
sequence identities to their counterparts in Western 
Corn Rootworm (WCR), respectively. dsRNAs from 
WCR vATPaseA and vATPaseE could reduce the 
fitness of Colorado potato beetle (CPB; Leptinotarsa 
decemlineata) in a bioassay (Baum et al., 2007). Xu 
et al. (2006) reported that 50-70% of gene transcripts 
in Arabidopsis plants have potential off-targets when 
used as a silencing trigger for PTGS and this can 
obscure experimental results. Moreover, excessive 
siRNA production could also lead to off-target 
effects thus the use of appropriate promoters and 
the suitable number of transgene copies introgressed 
into the host genome are very important. Another 
important aspect to consider is that the off targeting 
could also affect exposed non-target organisms, 
causing environmental and biosafety issues. The 
most troublesome situations are arising during the 
Dicer cleavage and siRNA production, the siRNA 
amplification, and transitive silencing, and the target 
gene mRNA recognition and degradation. To prevent 
them, the gene fragment used for producing dsRNA 
(the trigger) should be chosen to be as specific as 
possible, taking into account that a sequence of only 
14nt or less can lead to inhibition of gene expression. 
The use of vectors with tissue-specific and inducible 
promoters is another solution. Computational 
prediction tools can be used to design RNAi 
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constructs and to screen potential off-target effects. 
A suitable computational design program is needed 
for the specific and systemic evaluation of non-
target and off-target effects which should be further 
verified by additional bioassays. Fakhr et al. (2016) 
reviewed various algorithms for efficient siRNA 
design and listed the pros and cons of different online 
software, on mammalian gene silencing. Some of 
these steps could also be applied in plants to identify 
the more favourable siRNAs, or the use of specific 
parameters of Basic Local Alignment Search Tool 
(BLAST) algorithms. The BLAST algorithms 
could be used to find regions of similarity against 
the whole genome of the species. The sequencing 
costs can be reduced by accessing different public 
databases, like Phytozome (Goodstein et al., 2012), 
Plaza 4.0 (Van Bel et al., 2018), or PlantGDB 
(Duvick et al., 2008), among others. Regarding 
specific RNAi-related databases, PVsiRNAdb holds 
detailed information related to plant virus-derived 
small interfering RNAs (vsiRNAs) (Gupta et al., 
2018). The discovery of high-throughput sequencing 
has become an important tool for sRNA discovery 
and profiling. The UEA small RNA Workbench is a 
suite of tools for analyzing miRNA and other small 
RNA data from high-throughput sequencing devices 
(Stocks et al., 2018). There P-SAMS and si-Fi21 are 
some tools for siRNA design.  The Plant Small RNA 
Maker Site (P-SAMS) is a web tool for efficient 
and specific targeted gene silencing in plants using 
two applications: P-SAMS amiRNA and P-SAMS 
syn-tasiRNA for the simple and automated design 
of artificial miRNAs and synthetic trans-acting 
small interfering RNAs, respectively (Fahlgren et 
al., 2016). The si-Fi21 offers an efficient prediction 
of RNAi sequences and off-target search and it is 
specifically intended for long double-stranded RNAi 
constructs including virus, microRNA, and host-
induced gene silencing (HIGS) (Lück et al., 2019)

RNAi resistance

Pests and pathogens can develop resistance to 
RNAi-based products through various mechanisms 
(James, 2010). The RNAi-based gene silencing 
strategy induces down-regulation of the target 
gene by incomplete resistance in most of the cases 
which may reduce the selection pressure on the 

pathogen that may contribute to durable resistance. 
The genetic variation in pathogenic organisms 
may also cause single nucleotide polymorphisms 
(SNPs) in the target gene. Synonymous SNPs lead 
to nearly no fitness cost on the pathogens and pests, 
but the difference between dsRNA and the original 
gene sequences reduces their complementarities, 
causing reduced RNAi effect or RNAi resistance 
(Scott et al., 2013). Thereby, the potential of RNAi 
resistance should be taken into consideration in the 
application is very important.

Many researchers reported that they have 
not found any unexpected or adverse effects 
during their studies on risk assessment of RNAi-
engineered fruit trees (Yien et al., 2011; Scorza et 
al., 2013). For example, oral feeding of mammals 
with PPV-resistant plum in experimental models 
showed no adverse effects on mice and no allergenic 
reactions. The RNAi-modified papaya did not 
reveal any genotoxicity in any analyzed gastro-
organs in rats (Yien et al., 2011). These results 
suggest that RNAi does not elicit any unexpected 
toxic reactions and does not represent any bio-
risk to mammals (Scorza et al., 2013). The V-type 
ATPase based RNAi technology has passed the 
GM safety evaluation in many countries. It has also 
been licensed for planting by the US Environmental 
Protection Agency (Zotti et al., 2018). Technical 
barriers are being overcome to allow a wide 
range of applications for crop improvement.  The 
technology of encapsulated dsRNA on leaves with 
SIGS has significantly promoted dsRNA stability 
in the environment as well as during its uptake by 
pests enhancing plant protection. The development 
of cost-effective approaches for massive production 
of dsRNA (e.g., bacterial, plant, and synthetic 
production) can reduce the costs of this technology. 
This interference strategy occurring in plants can 
be exploited to change metabolic paths to optimize 
desired characteristics that could not be achieved 
with classical breeding. However, in common 
with the use of new genetic techniques, the 
introduction of this new RNAi technology raised 
safety concerns, although the highly selective 
nature of RNA activity reduces the likelihood of 
off-target and non-target effects. This has been 
supported by the genetic and bioinformatics 
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information obtained through next-generation 
sequencing (NGS), high-throughput sequencing 
(HTS), and other techniques (Shendure and Ji, 
2008). RNAi provides additional options for 
plant breeders to improve different food crop 
varieties compared with other new breeding 
techniques (NBTs) such as clustered regularly 
interspaced short palindromic repeats/CRISPR-
association protein (CRISPR/Cas) or transcription 
activator-like effector nucleases (TALENs). 
Another important feature of RNAi is that the 
dsRNA molecules can be highly mobile in plants. 
Therefore, dsRNA produced in the part of the 
plant (e.g., rootstock) can have the potential to 
spread into the grafted parts of the plant to confer 
resistance to disease to the whole plant, including 
fruit. This results in fruits that are not genetically 
modified but protected by the presence of target-
specific degradable small RNA molecules (Limera 
et al., 2017). In addition, dsRNA molecules can 
be formulated and applied as a topical treatment 
to plants to change their physiology or combat 
pests and pathogens. In 2016 the iPlanta Cost 
Action CA15223 ‘Modifying plants to produce 
interfering RNA’ (available at https:// iplanta.
univpm.it, accessed in November 2020) was 
established with the objective of bringing together 
experts from a wide range of fields to develop 
a deeper understanding of the science of RNA, 
the applications of RNAi, the biosafety of these 
applications and the socio-economic aspects of 
these potential applications (Liu et al., 2021). 
Furthermore, the risk assessment of GM RNAi 
plants is important in order to ensure the safety of 
RNAi crop plants, although the available literature 
suggests that there are no adverse effects of RNAi 
molecules (Ramon et al., 2014).

CONCLUSION

RNAi technology has emerged as a promising 
new strategy for crop improvement and has recently 
become one of the highly effective and powerful 
tools of functional genomics for silencing the gene 
expression for genetic improvement of crop plants, 
which opens new avenues in the agriculture sector 
by enhancing production and quality with suitable 
high yielding disease resistant elite varieties with 

abiotic stress tolerance and improved nutritional 
quality. There is no doubt that disease and pest 
control based on RNAi technology is a highly 
effective method to save crops from pathogens, 
insects, and nematodes but further focused research 
needs to understand the exact mechanism and RNAi 
pathway components that will hopefully resolve 
the complex plant defence system against various 
pathogens, insects, and nematodes. Transgenic 
and non-transgenic plant-based RNAi approaches 
for different pathogens in different crop plants 
have shown great promise and new opportunities. 
Its revolutionary capabilities could be further 
exploited in different crops to create another “Green 
Revolution” by producing sufficient quality foods. 
However, there is a great need to strengthen research 
and development activities in this promising area for 
proper, effective, and safe utilization of these tools 
as sustainable solutions for modern crop protection 
and improvement to produce sufficient quality food 
so that in near future everyone can get nutritious 
food and able to eradicate hunger, malnutrition, and 
health problems. 
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ABSTRACT

Pregnancy diagnosis is highly important in livestock sector to measure a timeline of reproductive 
efficiency. An efficient reproductive performance is highly important for sustainable, profitable and 
economic livestock farming. It measures the incidence of delayed puberty, anoestrous, calving interval, 
lactation length along with provides a guideline for better reproductive management, treatment and 
possibility of rebreeding in animals. A profitable reproductive management process with an accurate 
early pregnancy diagnosis technique is a prerequisite to a decline in the rate of embryonic mortality and 
accelerates production-based profit for the farmers.Various methods have been adopted for diagnosis 
of pregnancy at different stages in animals with different specificity and sensitivity depending on 
reproductive behaviour of ruminants. However, none of the methods of pregnancy diagnosis adopted 
so far in ruminants found to be an ideal one. The advancement of applied molecular techniques like 
proteomics,transcriptomics and metabolomics in animal research has paved the path to identify some 
ideal biomarker molecules related to specific stage of pregnancy in the farm animals. This review 
explains the common methods available for pregnancy diagnosis infarm ruminants and the possibilities 
of applying advanced modern technologies in development of diagnostics for detection of pregnancy in 
different farm animals.

Key words: Glycoprotein, oestrogen, pregnancy diagnosis, progesterone, ultrasound

INTRODUCTION

 Efficient reproductive management in farm 
animals plays important role in contribution to 
growth of livestock sector. Successful pregnancy 
in animals is the outcome of scientific reproductive 
management applied in farming system. Diagnosis 
of pregnancy plays an important role in evaluating 
the reproductive managemental procedures applied 
in farm animals time to time basis. Various methods 
have been developed and evaluated to detect 
pregnancy in farm animals in due course of time 
with different accuracy, specificity and sensitivity. 

An efficient reproductive management process 
with an early pregnancy diagnosis technique is a 
prerequisite to a decline in the rate of embryonic 
mortality and accelerates production-based profit 
for the farmers.

PREGNANCY DIAGNOSIS TECHNIQUES

Different techniques have been developed 
and evaluated in the past for finding out a wide 
range of markers associated with diagnosis of 
pregnancy with accuracy. The techniques have been 
categorised as direct and indirect methods (Fig. 1).
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Fig. 1. Different methods used for pregnancy diagnosis in farm animals

Direct method

Visual methods

The method detects some of the external 
manifestation related to changes in body physiology in 
relation to pregnancy. Followings are some of the visual 
changes detected in ruminants following pregnancy.

(i) Non return of oestrous

If an animal does not return to oestrus 
following mating or artificial insemination (AI), 
it is usually supposed that the animal has become 
pregnant. Sustenance of corpus luteum prevents 
returning to oestrous in farm animals. The symptom 
is not applicable to seasonal breeders and anestrous 
conditions. Specifically, silent estrous in case of 
buffaloes paves the hurdle for determination of 
pregnancy in the species. In case of sheep, goat and 
mares oestrous detection should be done in a proper 
way with high efficiency and accuracy. However, 
the method has been found suitable in case of cows 
not returning to oestrous and confirming pregnancy 
(Kidder et al., 1954). Sometimes prolonged inter-
estrus intervals may confuse with pregnancy as 
reported by Sartori et al. (2004) in case of cows.

(ii) Other physical signs

Apart from the above-mentioned signs, 
some other symptoms associated with pregnancy 

are as follows:

• gradual increase in size of abdomen

• gradual increase in size of udder

• thick mucoidal vaginal discharge 

• cocking of tail 

However, the accuracy of these visual 
methods has been found to be always low. Further, 
these visual methods are required to assist other 
confirmatory methods associated with pregnancy.

Clinical methods

Palpation

(i) Recto-genital palpation

This method is the easiest, cheapest and 
fastest method of pregnancy diagnosis with little 
harm to the animal and its foetus as followed in 
most of the large ruminants like cattle, buffaloes, 
mares, female camels and also in pigs. But the 
method is not feasible in case of small ruminants 
like sheep and goats.

(ii) Per-rectal palpation

Per-Rectal Palpation is the oldest and most 
common practised method for pregnancy diagnosis 
in large ruminants like cattle (Cowie, 1948) and 
buffaloes. Per-rectal palpation is generally performed 
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to detect presence of amniotic vesicle (Wisnicky 
and Cassida, 1948) and chorioallantoic membranes 
(Zemjanis, 1970) of developing foetus in uterus 
at 30th day of pregnancy in case of cows and in 
buffaloes the method confirms pregnancy at 45th 
of pregnancy (Arthur et al., 1966). The method 
has not been applicable to small ruminants like 
sheep and goats. There is possibility of iatrogenic 
embryonic mortality (Franco et al., 1987; Paisley 
et al., 1978; Vaillancourt et al., 1979; White et 
al., 1989) in frequent per rectal palpation in large 
farm animals.

(iii) Abdominal palpation

Abdominal palpation has been adopted as 
a common and easiest method for detection of 
pregnancy in animals for a long time but to the 
later phase of gestation. In cows, the palpation 
process helps in detection of presence of foetus 
floating in fluid during late gestation at around 7 
months onward. But, in sheep and goats’ rectal 
abdominal palpation can be done at and beyond 
4 months of pregnancy for detection of foetus. In 
small ruminants the palpation is done with glass 
rod placed in the rectum to lift the uterus which 
is palpated through abdomen (Ott et al., 1981; 
Hulet, 1972; Chauhan and Waziri, 1991). Similarly 
bimanual palpation for pregnancy diagnosis with 
palpation of uterus through fingers in the rectum 
and lifting the abdomen has been suggested for 
small ruminants (Chauhan and Waziri, 1991; Kutty, 
1999). However, for small ruminants like sheep and 
goats, the abdominal palpation methods were found 
to be inaccurate. 

Fetal echocardiography

Fetal echocardiography can be implicated in 
diagnosis of pregnancy in cattle, sheep and mares 
but with the advent of ultrasonography its use has 
been limited.

Vaginal electrical resistance

The method measures the conductivity or 
vaginal electrical resistance (VER) of the vaginal 
mucous membranes by ohm meters at estrus. 
The conductivity is high and VER is low during 
oestrous because of hydration and high blood 

supply as observed in case of cows. The VER 
resistance certainly can be differentiated from 
pregnant animal vaginal mucous membrane (Foote 
et al., 1979; Mc Caughey, 1981; Gupta and Purohit, 
2001; Meena et al., 2003). However, the blood 
supply and the hydration status of vaginal mucus 
membrane vary with different external and internal 
factors like water intake, feed intake, environment, 
weather disease condition etc. So, the accuracy 
of such estimations in diagnosis of pregnancy is 
limited due to false positive results and the problem 
related with daily probing of animals.

Laparoscopy

Laparoscopy is an invasive method of 
pregnancy diagnosis by directly visualizing the 
internal uterine environment of farm animals with 
the help of a probe. However, the invasive nature 
of the technique, the high cost of equipment, 
requirement of skilled personnel and the availability 
of non-invasive techniques limits the use of this 
technique as a means of pregnancy diagnosis in 
most of the small and large ruminants.

Ultrasonography

Ultrasound scanning is a common, reliable 
and comparatively cheap method for detection 
of pregnancy in animals (Gonzales-Bulnes et al., 
2010). In case of large ruminants, ultrasonography 
method has been successfully implicated for 
pregnancy diagnosis at 28 days of artificial 
insemination (Curran et al., 1986; Franco et al., 
1987; Sharma et al., 2011).In small ruminants like 
sheep and goats (Kumar et al., 2015; Azizunnesa 
et al., 2019) trans-abdominal ultrasonography has 
been followed with the transducer above the udder 
between the thigh and abdomen preferably the left 
side and moved in a ‘W’ shape from one side of the 
abdomen to the other side. In case of sow’s sector 
scanners (3.5-5.0 MH2 frequency) or doppler 
instruments are frequently used to detect fetal heart 
beat, fetal movements and uterine artery pulsations. 
Transrectal ultrasonography has been routinely used 
in cattle (Sharma et al., 2011) and buffaloes (Fricke 
et al., 2001) to get information on ovarian structures, 
identification of twins, and determination of fetal 
viability, age, and sex. The method was found to be 
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least invasive, high accuracy, and efficient technique 
for early pregnancy diagnosis (Paisley et al., 1978; 
Vaillancourt et al., 1979) and may minimize the 
rare incidence of palpation-induced abortions. Most 
studies on the utility of transrectal ultrasonography 
for pregnancy diagnosis have been conducted in 
cattle, but lately it has found utility in buffalo cows 
as well. In buffaloes, transrectal ultrasonography is 
most commonly used to determine pregnancy, fetal 
age, and sex as well as ovarian activity between 19 
and 22 days after AI (Pawshe et al., 1994; Ali et 
al., 2008). The sensitivity of detection of pregnancy 
was observed to be 97.9% (Bhosreker et al., 2000). 
Nation et al., 2003 reported that the sensitivity and 
specificity of pregnancy diagnosis in lactating dairy 
cows based on ultrasonographic detection of uterine 
fluid as well as embryonic membranes from 28 to 
35 days after AI were 96% and 97%, respectively. 
Combined direct approach of per-rectal palpation 
and transrectal ultrasonography have been found 
to be useful with high accuracy for pregnancy 
diagnosis in large ruminants like cattle and buffalo. 
Both the method requires high degree of skill and 
expertise with high grade ultrasound machineries 
and expensive modern rectal transducers.

Indirect method

Hormone progesterone 

Progesterone is the steroid hormone 
produced by the corpus luteum present in the 
ovary (Fig. 2). The hormone is solely responsible 
for maintenance and sustenance of pregnancy 
throughout the gestation period. Both serum and 
urine concentration of the hormone gradually 
increases with the advancement of pregnancy and 
the concentration drops to zero level at the onset 
of parturition or abortion or embryonic death. 
So, detection and assessment of serum and urine 
progesterone concentration at 18 to 24 days post 
breeding provides information about the pregnancy 
status of animal with around 98 % of specificity and 
75 % accuracy that may be due to early embryonic 
death (Zaied et al., 1979; Laing et al., 1980; Gowan 
et al., 1982; Pennington et al., 1985; Nebel et al., 
1987, Waldman, 1993). Generally different types of 
ELISA based kits were developed and standardised 
for estimation of Progesterone level in serum, 

urine or milk of pregnant animals including cattle, 
buffaloes, sheep, and goats. In cows the serum and 
milk hormone estimation has been found to be 
useful to differentiate pregnant and non-pregnant 
animal to the earliest of 19 days of post breeding 
(Laing and Heap, 1971 ; Shemesh et al.,1973). 

The progesterone levels in milk found to be 
comparatively higher than blood level in pregnant 
buffalo cows at 21 days after insemination (Perera et 
al., 1980). The hormone assay has also been found 
to be useful in pregnancy diagnosis in the female 
camel in which species the CL is required for the 
entire gestation (Abdel Rahim and El-Nazier, 1987). 
But this hormone assay cannot be used to diagnose 
pregnancy in the bitch as no placental progesterone 
produced in the pregnant bitch (Verstegen-Onclin 
and Verstegen, 2008)

Fig. 2. Structure of progesterone hormone

Estrone sulphate

The estrone sulfate is the derivative of 
steroid hormone (Fig. 3) oestrogen produced by 
the placentome (Eley, 1979). The hormone has 
been detected in amniotic fluid and maternal 
serum of different ruminants at around 60th day 
of pregnancy till the end of gestation (Robertson, 
1979). The hormone has been found to detect 
pregnancy in the later or advanced phase of 
pregnancy in cattle and buffaloes (Prakash and 
Madan, 1993). The lack of sensitiveness of this test 
may be attributed to various factors like genetic 
makeup, weight, parity status, and environment 
(Lobago, 2009). Usually radioimmunoassay, 
enzyme immuno-assay are the methods used for 
assessment of estron sulphate and its metabolites 
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in urine milk or serum of animals at different time 
intervals (Bamberg et al., 1991). 

Fig. 3. Structure of estrone sulfate (Source: pubchem)

Relaxin

Relaxin is the hormone produced by Placenta 
(Fig. 4) and is meant for maintenance of pregnancy 
by inhibiting contraction and expulsion of foetus. 
The hormone has significant contribution in 
differentiating pregnant and non-pregnant animals 
mostly in case of canines (Steinetz et al., 1989). 
However, low level of specificity and sensitivity 
of this hormone has been observed in ruminants in 
detection of pregnancy.

Fig. 4. Structure of relaxin molecule(source: wikipedia)

Early Conception Factor (ECF)

Early Conception Factor (ECF) is a 
protein produced by the embryo as early as 6 to 
24 hours of fertilisation. It plays a vital role in 
mediating the process of conception/ implantation. 
Detectable amount is observed within 6 to 24 
hours of fertilization (Morton et al., 1976, 1987, 
1992) in the serum of pregnant animal and the 

concentration persists till 14 weeks of pregnancy. 
Abruptive decline in concentration is observed at 
early embryonic death or removal of foetus. The 
factor has been considered as an early marker pf 
pregnancy in ruminants like sheep (Morton et al., 
1979; Wilson et al., 1983), cows (Cordoba et al., 
2001; Gandy, 2001; Whisnant et al., 2001), buffaloes 
(Chanderet et al., 1983), pigs (Grewal et al., 1983), 
mares (Ohnuma et al., 1996). Various commercial 
kits based on antibody detection methods have been 
developed for early estimation of ECF in serum. 
However, the specificity is very low as the factor 
can be secreted from tumors too. 

Ovine trophoblastic protein-1

Ovine trophoblastic protein-1 (OTP-1) 
first reported by Godkin et al. (1984) is found 
to be mediator of pregnancy (Bazer et al., 1992) 
secreted from blastocyst of 14–16 day in vitro 
cultured sheep embryo when it is transferred to 
uterus of ewes. It is an early indicator of maternal 
recognition and successful establishment of 
pregnancy in the method of ETT (Bazer, 1992; 
Roberts et al., 1992). The ovine specific protein is 
found to be similar to interferon alpha secreted by 
other ruminants like cows and buffaloes Imakawa 
et al. (1987).

Interferon-τ (IFN-τ)

Similar to ovine trophoblastic protein-1 
(OTP-1), Interferon-τ (IFN-τ) is a type I interferon 
(Roberts et al., 2007) produced by the conceptus 
between 14–16 days of insemination in cattle (Mann 
et al., 1999; Roberts et al., 1999; Thatcher et al., 
1995). The biochemical mechanism of the protein 
is most extensively studied in ruminants (Fig. 5). 
The protein in ruminants downregulates expression 
of estrogen receptor alpha and oxytocin receptors in 
endometrial cells (Bazer et al., 1997) and enzymes 
like cyclooxygenase2 and prostaglandin F synthase 
(Spencer et al., 1996) in the uterus. It helps in 
maintenance of pregnancy preventing PGF release 
necessary for luteolysis. Though, endometrial 
concentration of the peptide is significantly higher 
in case of pregnant cows but the serum and urine 
concentration if observed to be too low to be 
considered as marker of pregnancy.
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Fig. 5. Structure of bovine interferon (Source: Roberts, 
2007)

Pregnancy Associated Glycoproteins (PAGs) 

These are the group of carbohydrate 
associated proteins (Fig. 6) belonging to the aspartic 
proteinase super family having homology to pepsin, 
chymosin, cathepsins D, and enzyme renin (Xieet 
et al., 1992;1994) secreted from trophoblast cells of 
placenta between days 20 to 28 days of implantation 
in case of bovines (Zoliet et al., 1992).

Fig. 6. Structure of buffalo Pregnancy Associated 
Glycoproteins (Source: Andonissamy, 2012)

Various isoforms of these glycoproteins have 
been detected in sera of pregnant cows (Butler et al., 
1982). The molecule is often referred as “protein 
B” or the “pregnancy-specific protein B” (PSPB) in 
(Zoli et al., 1991) bovines. Biochemically these are 
group of proteins expressed by 22 distinct cDNA 
libraries (Constanta et al., 2011). In bovines three 
PAGs isomers having similar N-terminal sequences 
(Martal et al., 1996) are detected namely PSPB, 
PAG 67 or bPAG-1 (Xie et al., 1994) and PSP60 
(Mialon et al., 1996). Transcription of bPAG-2 and 
-11 mRNA is seen all through the pregnancy; -4, 
-5, and -9 mRNAs in early pregnancy and bPAG-1 
mRNA are detectable only after day 45 (Green et 
al., 2000).

Other molecules

Integrative development and advancement 
of omic approaches like proteomic, genomic, 
metabolomic, peptidomic studies have paved 
pathways to find out unique molecules related to 
pregnancy in different farm animals that could 
be used as diagnostic. New set of molecules 
specific to pregnancy like IFN-τ stimulated 
genes (ISG), interferon-stimulated protein 15 
kDa (Isg15), myxovirus resistance 2 (MX2), 
and 2’ -5; oligoadenylate synthetase (OAS1), 
has been identified and related techniques are 
under the process of development. Proteomic 
analysis of urine of pregnant farm animals like 
cow and buffalo are studied to find out different 
biomolecule’s specific to different stages of 
pregnancy to be further used as diagnostics 
(Balhara et al., 2014). Genomic studies have 
also revealed various genomic markers related 
to expression upregulation or downregulation 
of genes like IFN-τ to be used as diagnostics in 
various molecular techniques (Green et al., 2010; 
Forde et al., 2011; Kizaki et al., 2013).
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ABSTRACT

The study was conducted in the state of Meghalaya comprising of 100 respondents to analyse the value 
chain of traditional bamboo products of the state. The existing marketing channels and the compliance 
cost involved at each stakeholder level in every channel was analysed. The results showed that there were 
two marketing channels present for trading  of polo and khoh in the study area and maximum quantity 
was marketed through channel-II. The highest value addition was observed at wholesaler-cum-retailer 
level in both the districts. The traditional products were sold at the local markets have high potential 
to be marketed in the global market with the help from different stakeholders engaged in bamboo 
business. Farmer producer organizations formation at the village level would provide opportunity for 
direct marketing and artisans could get more income and thereby improving the livelihood.

Key words: Bamboo product, Meghalaya, traditional, value chain

INTRODUCTION

Bamboo is one of the world’s most valued 
non-timber forest products (INBAR, 2019) and 
bamboo enterprises are the primary source of 
livelihood and a source of economic upliftment 
for poor and underprivileged people (Lobovikovet 
al., 2009; Parteyet al., 2017). On account of its 
diversified uses, the bamboo is now also known 
as ‘the plant with thousand faces’, ‘green gold 
of forests’, and ‘poor man’s timber’ (Goyal and 
Brahma, 2014). It is used for house construction, 
bamboo ply, agricultural implements, handicraft, 
irrigation, brooms, medicine, food, fuel, fodder, 
paper and pulp and as a perfect substitute for some 
wood-basedproducts (Sharma et al., 2018). Bamboo 
craft has been practiced by the NEH regions 
of India for centuries as their prime livelihood 
and income source. Currently bamboo sector in 
India provides 432 million work days per annum 
employing rural poor, especially women (Dhurga, 
2017). A significant part of a tribal population 

(50% of 68 million) depends on exploitation of 
non-timber forest products like bamboo for their 
livelihood (Jamatia, 2014). Trading in value-added 
products of bamboo has the potential to make 
positive contribution to the global environment and 
economy. Asian countries continue to dominate 
the international markets for bamboo and rattan 
product trade (INBAR, 2019). India and China were 
the major producer of bamboo in Asia and together 
account approximately 70 per cent of the bamboo 
in Asia (Mera and Xu, 2014). During 2019, the total 
global bamboo exports was USD 3.054 billion where 
India stands at seventh position in world export by 
exporting 67 USD million (2% of world exports) 
(INBAR, 2021). Total 12 numbers of bamboo-based 
products traded in global market. The major export 
destinations of bamboo products from India were 
Bhutan, Bangladesh, USA, UAE and Nepal. Bhutan 
and Bangladesh had stable market for bamboo poles 
and bamboo charcoal, Nepal for bamboo plywood 
and UAE for bamboo paper-based products (Gogoi 



116 e-planet 20 (2): 115-120GOGOI et al.

et al., 2020). Realizing Bamboo’s full potential as a 
driver of environmental sustainability and inclusive 
economic growth requires a fundamental shift in the 
present way the system operates in India (INBAR, 
2019). There is urgent need for streamlining 
the production and marketing infrastructure for 
finished products that fetch lucrative prices, as well 
as for finding more prospective markets (INBAR, 
1998). With this background the study was carried 
out to study the value chain of traditional bamboo 
products in Meghalaya.

MATERIALS AND METHODS

The study was conducted in two districts i.e., 
East Khasi Hills and Ri Bhoi of Meghalaya based 
on the maximum number of stakeholders engaged 
in the bamboo business among all the districts. In 
the East Khasi Hills district, Shela Bholaganj and 
Khatarshnong Laitkroh blocks were selected based 
on the concentration of the stakeholders and from 
each block one village viz., Kshyiad and Nongpriang 
was selected randomly for the study. Similarly in 
Ri-Bhoi district, Umsning block was selected based 
on the concentration of the stakeholders and two 
villages viz., Umran and Sonidan from the block 
were selected randomly. A total of 47 respondents 
from Ri-Bhoi district and 53 from East Khasi Hills 
district were selected randomly making it a total of 
100 respondents.

Both primary and secondary data were used 
for the study. Primary data were collected from the 
sample respondents during 2019 to 2021 through 
a well-structured pre-tested schedule) comprising 
parameters like variable cost, fixed cost, investment 
and gross return involved in preparing different 
products of bamboo products. The secondary data 
were collected from journals, research papers, 
reports, publications of ministry of environment 
forest and climate change, Government of India 
and different related websites.

The data on value chain intermediaries 
were recorded by taking into consideration the 
various bamboo products prepared at each level of 
marketing (Kohls and Uhls, 1967). The formula to 
work out value addition by each stakeholder was 
worked out as:

Value addition = Selling price of the product-
cost of the total input 

The major channels involved in the marketing 
of bamboo and bamboo products were identified 
and following methods were used:

Compliance cost

The total cost incurred on marketing either 
in cash or kind by the producer seller and by the 
various intermediaries involved in the sale and 
purchase of commodities till the commodities 
reaches the ultimate consumer, (Acharya and 
Agarwal, 2011) was computed as:

C=CF+Cm1+Cm2+Cm3+…+Cmi

C=CF+ ∑Cmi

where,

C= total cost of marketing of the commodity

CF= cost paid by the producer at the time the 
produce leaves the farm till he sells it

Cmi= cost incurred by the ith middlemen in 
the process of buying and selling the product

Marketing margin of middlemen

It is the difference between the total payments 
(cost+ purchase price) and receipts (sale price) of 
the middlemen (ith agency) (Acharya and Agarwal, 
2011). It is expressed as:

Ami=Pri-(Ppi+Cmi)

where

Ami=absolute marketing margin of ith 
middlemen

Pri=total value of receipts per unit (sale price)

Ppi=purchased value of goods per unit 
(purchase price)

Cmi=cost incurred on marketing per unit

Price spread

Price spread is the difference between the price 
paid by the consumer and the price received by the 
producer for an equivalent quantity of the produce. It 
was calculated using the following formula
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Price spread=Pc-Pr
where,
Pc= Price paid by the consumer
Pr =Price received by the producer
Producer’s share
The producer’s share in consumer’s rupee 

was worked out as under (Acharya and Agarwal, 
2011).

Ps=PF/Pc ×100
where, 
Ps=Producer’s share in consumer’s rupee
PF=Price of the produce received by the 

producer
Pc=Price of the produce paid by the consumer

RESULTS AND DISCUSSION

Value chain of bamboo products

Bamboo was widely used to make traditional 
bamboo products by the experienced artisans.
Polo (traditional multipurpose bamboo basket of 
Meghalaya) and Khoh (cone shaped traditional 
bamboo basket of Meghalaya) was prepared using 
the bamboo species of Bambusa jaintiana (Skhen). 
The market price of these products ranged from 
Rs.100-200 based on the sizes. Nongkynrihet al. 
(2019) also reported similar uses of bamboo in 
Meghalaya. Bamboo products (Khoh and Polo) 
made from bamboo poles were marketed through two 
channels viz., channel-I such as  artisans→ village 
merchant→ wholesaler-cum-retailer→ consumer 
(90.39%), and a very less quantity through channel-
ii such as artisans→ consumer (9.61%) (Table 1). 
The marketing of the polo and khoh were confined 
to only the local markets of Meghalaya.

The bamboo products made by the expert 
and skilled artisans of the RiBhoi and East 
Khasi Hills were disposed-off through these two 
marketing channels. In channel-I: artisans→ village 
merchant→ wholesaler-cum-retailer→ consumer a 
larger quantity (89.33%) of products were disposed-
off while through channel-ii:  artisans→ consumer, 
the product was delivered directly to the consumers 
at a very smaller quantity (10.67%) in East Khasi 
Hills. In Ri-Bhoi, 90.70 per cent was disposed-off 
through channel-II (Table 2).

Table 2. Channels identified for disposed-off 
bamboo (number of culms) in Meghalaya for making  
bamboo products

Particulars Ri Bhoi East Khasi 
Hills

Overall

Channel-I 16
(9.30)

167.5
(89.33)

16.85
(9.61)

Channel-II 156
(90.70)

20
(10.67)

158.42
(90.39)

Total 172
(100)

187.5
(100)

175.27
(100)

Note: Figures in the parentheses indicate percentage to 
total, Source: Field survey, 2022

Marketing cost and margin of bamboo 

Through the channel-I: artisans→ village 
merchant→ wholesaler-cum-retailer→ consumer, 
a large quantity of polo and khoh was disposed-
off in both the markets of Meghalaya, the polo and 
khoh made by the artisans were purchased directly 
by the village merchant from the artisans at the rate 
of Rs.150 per unit in both Ri-Bhoi and East Khasi 
Hills market. Similar to the other products marketing 
channels, loading and unloading cost was highest 
due to more labour requirement and higher wage 
rate (Rs.350 per day). The selling price of the village 
merchant was Rs.170 per unit and Rs.175 per unit 
in Ri- Bhoi and East Khasi Hills respectively. The 
marketing cost was estimated of Rs.1.56 per unit and 
Rs.1.70 per unit with a margin of Rs.18.44 per unit 
and Rs.23.30 per unit in Ri- Bhoi and East Khasi 
Hills, respectively. The product was then passed to 
the wholesaler-cum-retailer and the cost incurred by 
the wholesaler-cum-retailer was higher in the East 
Khasi Hills than in Ri-Bhoi.

Table 1. Major marketing channels of bamboo products 
(Polo and Khoh) in Meghalaya

Channels Actors Quantity (%)
Channel I Artisans→Village 

merchant→ 
Wholesaler-cum-
Retailer→Consumer

90.39

Channel-II Artisans→ 
Consumer

9.61

Total 100

Source: Field survey, 2022
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Table 3. Marketing cost and margin of Polo and Khoh (Rs./unit)

Particulars Ri-Bhoi East Khasi Hills
Channel-I Channel-II Channel-I Channel-II

Selling price of artisans 150 180 150 180
Cost incurred by the artisans
i) Transportation 1.32

(46.81)
1.55
(40.79)

1.75
(52.24)

1.25
(35.71)

ii) Loading unloading 0.75
(26.60)

1
(26.32)

0.75
(2239)

1
(28.57)

iii) Storage and other costs 0.75
(26.60)

1.25
(32.89)

0.85
(25.37)

1.25
(35.71)

Total (i to iii) 2.82
(100)

3.80
(100)

3.35
(100)

3.50
(100)

Net price received by the artisans 147.18 176.20 146.65 176.50
Cost incurred by the village merchant
i) Transportation 0.56

(35.90)
0.70
(41.18)

ii) Loading unloading 0.75
(48.08)

0.75
(44.12)

iii) Storage 0.25
(6.03)

0.25
(14.71)

Total (i to iii) 1.56
(100)

1.70
(100)

Price paid by the wholesaler cum retailer 170 175
Village merchant’s margin 18.44

(9.22)
23.3
(11.65)

Cost incurred by wholesaler-cum-retailer
i) Transportation 2.58

(39.21)
3.25
(43.62)

ii) Loading unloading 0.75
(11.40)

0.75
(10.07)

iii) Storage 0.25
(3.80)

0.45
(6.04)

iv) Market fee 3
(45.59)

3
(40.27)

Total (i to iv) 6.58
(100)

7.45
(100)

Price paid by the consumers 200 180 200 180
Wholesaler-cum-retailer’s margin 23.42

(11.71)
17.55
(8.77)

Note: Figures in the parentheses indicate percentage to total 

Source: Field survey, 2019-21
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Table 4. Price spread or value addition of polo and khoh in Meghalaya (in Rs. per unit)

Particulars Channels Net price 
received by 
producer

Marketing 
cost

Marketing 
margin

Consumer’s 
price

Price spread Producer’s 
share in 
consumer’s 
rupee

Ri-Bhoi 
district

Channel-I 147.18 10.96 41.86 200 52.82 73.59
Channel-II 176.2 3.80 - 180 3.80 97.89

East Khasi 
Hills district

Channel-I 146.65 12.5 40.85 200 53.35 73.33
Channel-II 176.5 3.50 180 3.50 98.06

Overall Channel-I 146.92 11.73 41.36 200.00 53.09 73.46
Channel-II 176.35 3.65 - 180.00 3.65 97.97

Source: Field survey, 2022

The selling price of the wholesaler-cum-
retailer was observed to be similar for both markets 
and estimated of Rs.200 per unit. The margin earned 
by the wholesaler-cum-retailer was found higher at 
Ri-Bhoi Rs.23.42 per unit than East Khasi Hills 
market. The market fee contributed highest to the 
marketing cost followed by the transportation cost 
of the Wholesaler-cum-Retailer. The channel-II was 
direct channel from artisans to the consumer with a 
less quantity of produce disposed-off. The total cost 
incurred by the artisans was estimated of Rs.3.80 
per unit in the market of Ri-Bhoi and Rs.3.50 per 
unit in the market East Khasi Hills of which higher 
cost was on transportation. The selling price was 
Rs.180 per unit in both the markets. The margin was 
higher in the market of East Khasi Hills (Rs.176.50/
unit) (Table 3). Lynseret al. (2014) also reported 
that, from bamboo mat making in Meghalaya, the 
average net income per household per year was 
found to be to Rs. 3841 and it contributed around 
Rs.28 lakhs to the annual income of the villagers.

The traditional bamboo products would 
remain inevitable in the region as it was used 
from ancient times. Hence, there is need for 
creating awareness among the artisans and 
other stakeholders to form farmer producer 
organizations (FPOs) to increase their profit to 
double by making new products having high 
demand in the domestic and global market and 
exploring new market opportunities.

Price spread or value addition of bamboo products 

Polo and Khoh were marketed in Ri-Bhoi 
market through two channels only, of which net 
price received by the farmer was estimated to 
be of Rs.147.18 per unit and Rs.176.20 per unit 
in channel-I and channel-II, respectively. The 
marketing cost was higher in channel-I of Rs.10.96 
per unit than channel-II of Rs.3.80 per unit. 
Marketing margin on the other hand was estimated 
at Rs.41.86 per unit in channel-I. The price paid 
by the consumer as of Rs.200 per unit and Rs.180 
per unit in channel-I and channel-II, respectively. 
Therefore, the price spread was found to be higher 
in channel-I (Rs.52.82/unit) compared to channel-
II (Rs.3.80/unit). In channel-II, producer’s share 
in consumer rupee was higher (97.89%) as it was 
directly marketed by the artisans to the consume Rs. 
Similarly, in East Khasi Hills, the net price received 
by the farmer was found to be of Rs.146.65 per unit 
and Rs.176.50 per unit in channel-I and channel-II, 
respectively. The marketing cost was estimated of 
Rs.12.50 per unit and Rs.3.50 per unit in channel-I 
and channel-II, respectively. In channel-I, marketing 
margin was estimated of Rs.40.85 per unit. The 
price paid by the consumer was Rs.200 per unit in 
channel-I and Rs.180 per unit in channel-II. Hence, 
the price spread was found to be higher in channel-I 
(Rs.53.35/unit) than channel-II (Rs.3.50/unit). 
Therefore, the producer’s share in consumer rupee 
was estimated and found to be higher in channel-II, 
98.06 per cent compared to channel-I (73.34%) as 
stated in Table 4.
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CONCLUSION 

In both the districts of Meghalaya under 
study, price spread was higher in Channel-I. Highest 
quantity of products in Meghalaya (90.70%) 
was sold through Channel-I (artisans→ village 
merchant→ wholesaler-cum-retailer→ consumer). 
Maximum marketing margin was obtained by the 
wholesaler-cum-retailer. The marketing channels 
end users were only from the domestic market 
which could be expanded to global market with 
restructured value chain and bamboo FPO formation 
at cluster level. This would help the artisans to link 
with the market directly providing higher income 
for improved livelihood.
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ABSTRACT

Utilization of inexpensive oil cakes in fish diet formulations is essential to counteract problems related 
to the shortage of quality fish meal and the increase in prices of conventional fish feed ingredients like 
soybean meal, groundnut oil cake and mustard oil cake. This study determined the extent to which 
the low-cost sesame oil cake (SOC) could be fermented through the solid-state fermentation (SSF) 
process and used in the formulation of diets for carp. Autoclaved dough made from SOC powder with 
60% moisture content was fermented separately with three probiotics viz. aqualact, rhodomax and uni-
nutrich plus by using plastic trash cans as fermentation chamber and by using inoculum of probiotics 
powder, jaggery and water in the proportion of 5 g : 25 g :160 ml per kg of oil cake substrate for seven 
days. Fermented feed samples were collected in each 24 h interval, oven dried at 60±5°C up to constant 
moisture level; analyzed for their nutrients (crude protein, crude fiber) and anti-nutritional factors 
(ANFs) composition. The best among the fermented products at a particular fermentation duration of 
a particular oil cake was ascertained by taking their proximate composition into consideration, i.e., the 
maximum crude protein content, the minimum crude fiber content, and complete elimination of ANFs 
(tannin and phytic acid). Fermented sesame oil cake was found to be a viable alternative to costlier fish 
meal, soybean meal, groundnut oil cake, and mustard oil cake in the formulation of carp diets. Further 
studies are required to carry out field trials and SSF of other low-cost non-conventional feedstuffs with 
various other commercial feed probiotics available in the market.

Key words: Carp, diet, probiotics, sesame oil cake, solid state fermentation 

INTRODUCTION

The scope for utilizing low-cost plant-
derived protein sources and energy feedstuffs in 
fish feed formulation has been expanded in India 
because of the availability of large quantities of 
agro-based materials that are unusable to human 
beings. Moreover, aquaculture in India largely 
depends on the culture of herbivores or omnivore 
carp species. Therefore, the use of plant-based fish 
feed could be justified in developing countries like 
India. Wide use and acceptability of plant-derived 
protein sources as alternatives to a fish meal have 

been constrained due to their high fiber content, 
imbalanced amino acid profiles, and presence of 
some anti-nutritional factors (ANFs), such as tannin, 
phytic acid, trypsin inhibitor, lectins, saponins and 
many more (Francis et al., 2001).   

It has been postulated that the ANFs can 
seriously reduce the feed nutritional value of 
different plant-derived materials unless destroyed 
or deactivated (Liener, 1975; Hossain and Janucey, 
1989). The common detoxification methods to 
overcome most of the anti-nutritional factors 
are inactivation by heat and/or soaking in water 
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(Mukhopadhyay and Ray, 1996, 1999a,b,c). 
However, these physical processes are not conclusive 
in removing the deleterious effects of the wide variety 
of ANFs. Heat damage affects the usefulness of plant 
ingredients when fed to fish (Glencross et al., 2004). 
Nutritional loss of some amino acids through heat 
treatment and the influence of protein, carbohydrate, 
and moisture on Malliard reactions is well known 
(Anderson et al., 1993; Oste and Sjodin, 1984). 
Soaking in water may be effective in removing many 
ANFs, however, water-soluble nutrients may leach 
out by this process. Apart from the traditional physical 
processes, microbial deactivation (by solid-state 
fermentation, SSF) has been evaluated in the present 
study for the removal of ANFs in plant feedstuffs. 
SSF is a bioprocess in which microorganisms are 
grown on solid substances with low or minimum 
water levels (Cannel and Moo-Young, 1980; Pandey, 
1992, 1994; Van de Lagemaat and Pyle, 2001). It 
provides conditions under which microorganisms 
grow in the wild, so it may be considered more 
natural than other techniques (Hesseltine, 1987). 
The major advantages of utilization of low-cost 
plant ingredients as substrates in SSF might be its 
great economic feasibility and as a way of nutrient 
recycling. The sustainability of the aquaculture 
industry depends on the availability of low-cost and 
high-quality feeds. The expansion of SSF technology 
might offer scope for the preparation of high-quality 
feeds through bioconversion and the value addition of 
low-cost feed ingredients (Esakkiraj et al., 2009). In 
this context, the major aim of the presently reported 
study was the reclamation of plant ingredients into 
nutritionally enhanced (value-added) products. 
Therefore, the present study has been undertaken 
to explore the possibility of utilizing two low-cost, 
locally available plant feedstuffs i.e., sesame oil 
cake, as a substrate for SSF, and to evaluate the value 
addition of the substrates for their subsequent use as 
aqua-feed ingredients. 

Endogenous enzymes in the fish 
digestive system only help to hydrolyze organic 
macromolecules into simpler compounds. Hence, 
supplementation of specific exogenous enzymes 
could be a remedial measure to address the problem 
(Cheng and Hardy, 2002; Portz and Liebert, 2004; 
Debnath et al., 2005). Otherwise, pre-treatment 

with microbial enzymes produced through the 
process SSF has been indicated to ameliorate 
feed utilization through the deactivation of ANFs 
(Ramachandran and Ray, 2007). The de-oiled 
sesame oil cake (SOC) contains 38.3% crude 
protein, 8.5% crude lipid, and 5.44% crude fiber and 
can be incorporated up to 23-25% of the common 
carp diet (Rangacharyulu, 2007). Replacing 30% 
of soybean meal protein with sesame seed cake 
protein in the fish diet significantly improves the 
body weight of Nile tilapia, Oreochromis niloticus 
(Abdel-Hakim, 2008). 

MATERIALS AND METHODS

The solid-state fermentation of SOC was 
carried out by using commercially available three 
different formulations of feed probiotics in powder 
form namely: - AqualactTM, Rhodomax, and Uni-
Nutrich plus which contain extracellular enzymes 
and/or enzyme-producing fish gut bacteria/yeast. 
In solid-state fermentations, microbial colonization 
occurs at or near the surfaces of the solid substrate, 
or in a few cases the soluble substrate supported 
on the solid insoluble matrix in the environment of 
low-moisture contents.  Solid-state fermentation can 
be used to provide low-shear environments for the 
cultivation of shear-sensitive mycelial organisms 
like yeasts. Solid-state cultivations can be and 
have been used for the mass production of mycelia 
and colonies of bacteria which are rich sources of 
high-quality proteins (Pandey, 1992; Pandey et 
al., 2001). Therefore, the process of SSF helps in 
increasing the crude protein content of plant matter 
through microbial biomass production (MBP) and 
reduces plant ANFs like tannin and phytic acid 
through enzymatic degradation. Prior to SSF, the 
said plant matter was also treated by a conventional 
physical method like heat treatment (autoclaving) 
to partially eliminate ANFs. Afterward, samples of 
SSF processed (at every 24 hours intervals up to 7 
days) plant matter were evaluated for contents of 
nutrients and anti-nutritional factors.

Preparation of substrate/matrix for SSF

The powdered oil cake was first sieved 
properly through the 400-micron mesh. Then 5 kg of 
finely sieved oil cake was mixed thoroughly with 3 
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liters of tap water i.e., up to 60% moisture content to 
make a dough. The dough was autoclaved at 121°C 
for 15 minutes at 15 lb pressure by keeping it in a 
cylindrical stainless-steel vessel. Then the heat-
processed dough was allowed to cool down to a tepid 
warm stage (approximately to 37°C), transferred to a 
plastic trash can, and was kept ready for inoculation 
with ‘Microbial suspension’.

Preparation of microbial consortium 

Approximately 800 ml of ‘aquaguard’ filtered 
tap water was collected in a one-liter capacity glass 
beaker. Then 25 g of intended probiotics powder and 
125 g of jaggery were added to the water (at a rate 
of 5 g probiotics and 25 g jaggery per kg of prepared 
substrate respectively). It was mixed properly by 
stirring with a sterilized glass rod for 5 minutes. Then 
kept static for another 5 minutes to allow the fibers to 
settle down. The upper part of 800 ml of supernatant 
or the microbial suspension was then added to the 
above-said lukewarm oil cake substrate and mixed 
thoroughly with a sterilized melamine spatula.

Daily collection of fermented feed sample 

At every 24 hours interval (every day by 8 
pm), approximately 200 g samples in triplicate were 
taken out into aluminum casseroles by means of a 
sterilized melamine spatula and kept in an oven at 
60 - 65°C for drying. The samples were dried up to a 
constant moisture level and then packed in air-tight 
plastic containers, and brought to the laboratory for 
proximate nutrients and ANFs analysis.

Optimization of the fermentation process 

By following the protocol mentioned above, 
the sesame oil cake (SOC) was subjected to the 
SSF process by using separately the three probiotics 
as microbial inoculums. For the said purpose six 
fermentation chambers were used. Periodically, 
in every 24 hours interval samples were collected 
from each fermentation chamber for 7 days, oven-
dried, and analyzed for their proximate nutrients and 
ANFs composition. In each case, optimization of 
the fermentation process was adjudged by keeping 
in view the maximum enrichment of crude protein 
content and maximum reduction of crude fiber 
content in the sample. 

RESULTS AND DISCUSSION

The results of nutritional quality enhancement 
through SSF of raw SOC by using three commercially 
available powder form microbial consortia like- 
Aqualact, Rhodomax and Uni-Nutrich plus are 
depicted in Table 1 to Table 3. The ANFs like tannin 
and phytic acid content in raw sesame oil cake was 
estimated to be 0.96% and 0.47% respectively. With 
the progression of the fermentation process with the 
use of the probiotics, none of these two ANFs were 
detected in the fermented oil cake samples of raw 
sesame oil cake after 24 h of fermentation. The initial 
crude protein and crude fiber content of raw sesame 
oil cake was estimated to be 26.76% and 21.28% 
respectively. After 24 h of fermentation with Aqualact, 
the crude protein content of raw sesame oil cake was 
increased from the initial value by 12.71% (26.76 to 
30.12%). Similarly, the crude fiber content decreased 
from the initial value by 1.90% (21.28 to 20.88%). But 
during the subsequent hour of fermentation, the crude 
protein value registered a further increase in the value 
with a marginal increase in the percentage up to 96 h, 
thereafter the percentage increase in the crude protein 
registers a declining trend up to 168 h of fermentation. 
Due to the continuation of the fermentation process 
up to 168 h, the crude fiber values registered an 
increasing trend from 48 h, by the end of 168 h of 
the fermentation process, the crude fiber content was 
increased by 22.98% from that of the initial value 
of 21.28%. Thus, the crude fiber content in 168 h 
Aqualact fermented sesame oil cake was 26.17%.  

From Table 1, it is evident that, within 
the first 24 h of the fermentation process with 
Aqualact, the crude protein content of the sesame 
oil cake registered an increase of 12.71% and a 
reduction in crude fiber content by 1.90% from the 
estimated initial values. But with the progression of 
the fermentation duration, a percentage increase of 
the crude protein content registered an increasing 
trend but of lesser magnitude in comparison to the 
24 h fermentation process. After 24 h fermentation, 
the crude fiber content was gradually increased. 
Further, up to 96 h of the fermentation process, the 
percentage increase in the crude protein content 
was minimal and beyond which the value for crude 
protein content registered a declining trend with 
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Table 1. Nutritional quality enhancement of sesame oil cake through ‘Aqualact’ fermentation

Fermentation 
duration (h)

Composition of Aqualact fermented sesame oil cake samples Remarks
Crude Protein 
(%)*

% increase (↑) or 
% decrease (↓)

Crude Fiber 
(%) *

% increase (↑) or 
% decrease (↓)

24 30.16a ± 0.12 12.71 (↑) 20.88a ± 0.03 1.90 (↓) This stage was 
chosen for mass 
production

48 28.82b ± 0.04 7.70 (↑) 21.84b ± 0.04 2.63 (↑)
72 28.08c ± 0.06 4.93 (↑) 23.03c ± 0.04 8.23 (↑)
96 27.36d ± 0.13 2.24 (↑) 24.93d ± 0.04 17.15 (↑)
120 26.55e ± 0.16 0.78 (↓) 25.66e ± 0.04 20.58 (↑)
144 24.53f ± 0.08 8.33 (↓) 25.76e ± 0.04 21.05 (↑)
168 23.95g ± 0.15 10.50 (↓) 26.17f ± 0.04 22.98 (↑)

*Values are means ± SE of three determinations. Mean value with same superscripts in the same. columns are not 
significantly different (P< 0.05).

a percentage increase in the crude fiber content. 
Hence, considering the percentage increase in 
crude protein and reduction in the percentage 
of crude fiber content in the sesame oil cake, the 
study suggests adopting for 24 h fermentation 
process for enhancing the nutritional quality of the 

raw ingredient. The statistical analysis of crude 
protein and crude fiber content with respect to 
the duration of the fermentation process reveals a 
significant difference between 24 h and the rest of 
the fermentation process.

Table 2. Nutritional quality enhancement of sesame oil cake through ‘Rhodomax’ fermentation

Fermentation 
duration (h)

Composition of Rhodomax fermented sesame oil cake samples
Crude Protein (%)* % increase (↑)  or % 

decrease (↓)
Crude Fiber (%)* % increase (↑)  or % 

decrease (↓)
24 31.19a ± 0.05 16.55 (↑) 18.57a ± 0.04 12.73 (↓)
48 27.38d ± 0.10 2.32 (↑) 20.25b ± 0.04 4.84 (↓)
72 26.95e, f ± 0.08 0.71 (↑) 22.78d ± 0.09 7.05 (↑)
96 27.81c ± 0.18 3.92 (↑) 21.67c ± 0.05 1.83 (↑)
120 28.32b ± 0.05 5.83 (↑) 18.73a ± 0.10 11.98 (↓)
144 27.28d, e ± 0.14 1.94 (↑) 23.36e ± 0.03 9.77 (↑)
168 26.78f ± 0.16 0.07 (↑) 25.07f ± 0.06 17.81 (↑)

*Values are means ± SE of three determinations. Mean value with same superscripts in the same. Columns are not 
significantly different (P< 0.05).

From Table 2, it is apparent that, within 
the first 24 h of the fermentation process with 
Rhodomax, the crude protein content of the sesame 
oil cake registered an increase of 16.55% and a 
reduction in crude fiber content by 12.73% from 
the estimated values. But with the progression of 
the fermentation duration, a percentage increase of 

the crude protein content registered an increasing 
trend up to 168 h of fermentation but with a lesser 
magnitude in comparison to the 24 h fermentation 
process. Up to 48 h of fermentation, the percentage 
of crude fiber content was gradually decreased. 
Beyond that, it exhibited an increasing trend up 
to 168 h of fermentation except only at the stage 
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of 120 h of fermentation where the percentage of 
crude fiber content decreased by 11.98%. Hence, 
considering the percentage increase in crude protein 
and reduction in the percentage of crude fiber in the 
sesame oil cake, the study suggests adopting for 24  
h fermentation process for enhancing the nutritional 
quality of the raw ingredient.

The statistical analysis of crude protein and 
crude fiber content with respect to the duration 
of the fermentation process reveals that after 24 
hours of ‘Rhodomax’ fermentation of sesame oil 

cake, the crude protein content was increased to its 
maximum from 26.76% (initial value) to 31.19%, 
which is significantly different from others and the 
crude fiber content was decreased from 21.28% to 
18.57% which is significantly different from others 
except only at the stage of 120 h of fermentation 
where crude fiber content decreased from 21.28% 
to 18.73%. Similarly, there are no significant 
differences between the increase in crude protein 
content in sesame oil cake fermented for 48 h 
and 144 h, 72 h, and 144 h, and 72 h and 168 h 
respectively. 

Table 3. Nutritional quality enhancement of sesame oil cake through ‘Uni-Nutrich plus’ fermentation

Fermentation 
duration (Hours)

Composition of Nutrich plus fermented sesame oil cake samples Remarks
Crude Protein 
(%)*

% increase (↑)  
or % decrease 
(↓)

Crude Fiber 
(%)*

% increase (↑)  
or % decrease 
(↓)

24 30.71a ± 0.17 14.76 (↑) 20.78a ± 0.08 2.35 (↓) This stage was 
chosen for mass 
production

48 28.74b ± 0.03 7.40 (↑) 22.87c ± 0.10 7.47 (↑)
72 27.03f ± 0.08 1.01 (↑) 24.76d ± 0.06 16.35 (↑)
96 27.77d, e ± 0.05 3.77 (↑) 25.49e ± 0.08 19.78 (↑)
120 28.11c ± 0.10 5.04 (↑) 26.21g ± 0.10 23.17 (↑)
144 27.86c, d ± 0.10 4.11 (↑) 25.78f ± 0.08 21.15 (↑)
168 27.56e ± 0.03 2.99 (↑) 22.23b ± 0.07 4.46 (↑)

*Values are means ± SE of three determinations. Mean value with same superscripts in the same column are not 
significantly different (P< 0.05). 

From Table 3, it is evident that, within first 
24 h of fermentation process with Uni-Nutrich 
plus, the crude protein content of the sesame 
oil cake registered an increase by 14.76% and 
reduction in crude fiber content by 2.35% from the 
initial estimated values. But with progression of 
the fermentation duration, percentage increase of 
the crude protein content registered an increasing 
trend up to 168 h of fermentation but with a lesser 
magnitude in comparison to 24 h fermentation 
process. Within first 24 h of fermentation, the 
percentage of crude fiber content was decreased. 
Beyond that, it exhibited an increasing trend 
up to 168 h of fermentation, recorded highest 
at the stage of 120 h of fermentation where the 

percentage of crude fiber content increased  
by 23.17%. 

The statistical analysis of crude protein and 
crude fiber content with respect to the duration 
of the fermentation process reveals that just at 
24 hours of ‘Uni-Nutrich plus’ fermentation 
of sesame oil cake, the crude protein content 
was increased to its maximum from 26.76% to 
30.71%, which is significantly different from 
others and the crude fiber content was decreased 
from 21.28% to 20.78% which is significantly 
different from others. Similarly, there was no 
significant differences between increases in crude 
protein content in sesame oil cake fermented for 
96 h and 144 h, 96 h and 168 h, and 120 h and 144 
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h respectively. Maximum nutrient enhancement 
was recorded at the initial 24 h fermentation stage. 

Adoption of some processing techniques 
like SSF might contribute to enhancing the nutrient 
value of plant ingredients. Fermentation is a simple 
and cheap process where there may be an increase 
in the nutrient level through microbial synthesis 
(Wee, 1991). In the present study, increased levels 
of crude protein and decreased levels of crude fiber 
content were achieved in fermented plant matter in 
comparison to the raw substrate is consistent with 
the findings of Bairagi et al. (2002), Ramachandran 
et al. (2005) and Saha and Ray (2011). 

Dynamics of crude protein content in substrates 

During fermentative bioprocessing, 
sometimes the crude protein content of substrates 
declines. It is caused by a mixture of two or more 
microbes that are on the dynamics of the different 
growth rates. Some microbes are growing and 
multiplying faster, followed by the other and then 
another, and so on. Some microbes utilize proteins 
that are formed by the other group of microbes for 
growth. So sometimes the addition of fermentation 
time causes declining in the crude protein content 
of the fermented substrate. Therefore, mechanical 
fermentation should be done through the utilization 
of the biochemical properties of a particular microbe 
or a consortium of microbes.

The increased crude protein in substrates 
which occurs during the process of fermentation 
is caused by the work of the microbes and the 
addition of protein donated from the cell growth 
of microbes (single-cell proteins). The increase 
in crude protein content of fermented substrates 
is also caused due to microbes’ use of food 
ingredients such as carbohydrates and fat for their 
growth and multiplication. A yeast/fungus/bacteria 
can synthesize a protein by taking carbon sources 
of carbohydrates (glucose, sucrose, and maltose 
from jaggery or molasses), a nitrogen source of 
inorganic or organic material, and minerals from its 
substrate. Also, during the incubation period, foods 
derived from the substrate are used for the growth 
of microbes. The more the growth of microbes 
envisages the more microbial biomass production 

causes more protein in the substrate (Setiyatwan 
et al., 2018).  The protein content increases in the 
substrate resulting in a proportionate reduction of 
the carbohydrate content in the substrate. The longer 
fermentation duration facilitates an increasing 
chance of bacteria colonies to grow and ultimately 
the protein, amino acids, and nitrogen content in the 
substrate will be increased. 

Dynamics of crude fiber content in substrates 

The inoculum dosage of microbes to the oil 
cakes significantly affects the crude fiber content of 
the substrate to be fermented. The higher dosage of 
inoculum, the higher the crude fiber content of the 
substrate will be. It is caused by the mycelial growth 
of yeast. The yeast eats the mycelia wall and contains 
a lot of cellulose and chitin substances (compounds 
that have the same function as the plant cell wall). 
The cellulolytic enzymes thus produced by the yeast 
is not optimal because of the slow growth of the 
fungus, so the addition of fermentation time does 
not affect the crude fiber content in the substrate 
(Kurniati et al., 2016). Mycelia is a collection of 
hyphae, hyphae surrounded by a cell wall composed 
of polysaccharides, and the highest content of cell 
wall in most fungi is cellulose. The high content of 
crude fiber in the fermented substrate is due to the 
crude fiber content of the fungi mycelia.

In contrast, some Bacillus group of bacteria, 
which have the cellulose-degrading ability when 
inoculated to the fermented substrate secrete 
cellulolytic enzymes and break down cellulose, and 
hemicelluloses to simpler forms of carbohydrates 
(glucose and cellobiose). That is why with the 
advancement of the fermentation process, the crude 
fiber content in the substrate decreases.

CONCLUSION

Solid-state fermentation is a technique through 
which anti-nutritional factors like tannin and phytic 
acid can be eliminated completely from plant matter 
and can increase the bioavailability of crude protein, 
and minerals and effectively reduce crude fiber 
contents in the sesame oil cake substrate. Due to the 
reduction in crude fiber content and elimination of 
anti-nutritional factors, the fermented oil cakes were 
easily digested and assimilated into the body of fish.  
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Solid-state fermentation processed sesame oil cake 
has the potential for application as an alternate 
protein source in formulated diets for carps.
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ABSTRACT

The field research was conducted during summer 2015 at the College Farm, Navsari Agricultural 
University, Navsari on clayey soil. There were ten treatments, involving two pre-emergences, three 
tank mixtures, one post-emergence, one soil mulching, one sugarcane trash mulching, and weed free 
and weedy check evaluated in randomized block design with three replications. Significantly higher 
grain and straw yield were registered under weed free condition, which was statistically at par with 
atrazine @ 0.75 kg ha-1 + pendimethalin @ 0.75 kg ha-1 as PE, alachlor @ 1.5 kg ha-1 + atrazine  
@ 0.5 kg ha-1 as PE, atrazine @ 0.75 kg ha-1 + 2.4 D 0.5 @ kg ha-1 as PE, atrazine @ 0.75 kg ha-1 as 
PE and atrazine as PoE @ 1.5 kg ha-1 at 30 DAS, while weed control through sugarcane trash mulch  
@ 5 t ha-1 and alachlor @ 1.5 kg ha-1 PE were also at par in case of straw yield. Weed management failed 
to exert its significant effects on protein content (%). Weed free produced significantly higher protein 
yield. Available nitrogen and phosphorus were recorded significantly higher values under weed free 
condition, which was statistically at par with weed control carried out through sugarcane trash mulch 
@ 5 t ha-1 followed by interculturing at 30 and 45 DAS followed by HW and atrazine @ 0.75 kg ha-1 

+ pendimethalin @ 0.75 kg ha-1, PE while available K2O failed to exert its significant influence due to 
weed management. Weed free condition because of effective weed management strategy is important 
for achieving the soil quality and production traits.

Key words: Available nutrients, quality, soil mulch, tank mixture, yield

INTRODUCTION

Maize (Zea mays L.) is the staple food and 
plays an important role in the economy of India and 
other countries. Beside its use for human food, it 
is a source for number of industrial products like 
animal feed, maize corn starch, corn oil, baby corn 
and popcorn etc. In India, maize is grown over an 
area of 9.34 million ha with an annual production 
of about 24.35 million tons and an average 
productivity of about 2583 kg ha-1. Maize crop 
occupies an area of 461 hectares with a production 
of 692 tons and productivity of 1501 kg ha-1  
(IIMR, 2014). Grain yield in maize can be 

severely reduced by competition with weeds 
(Najafi and Tollenaar, 2005). Managing for 
increased competitive ability of crops with weeds 
is an important component of integrated weed 
management systems (Mohler, 2001). Today, high-
yielding agriculture heavily depends on herbicides, 
as they constitute a vital and integral component 
of weed management practices (Baghestani et 
al., 2005). However, there are very few herbicide 
options available for weed control in maize. The 
infestation of these weeds is increasing day by day 
in the maize-growing areas of the state especially 
where the farmers are using atrazine year after 
year. So, to widen the weed control spectrum, it 
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is imperative to use combination of herbicides 
having different mode of action (Manjith Kumar 
and Angadi, 2014; Ehsas et al., 2019; Prasad et 
al., 2019). Therefore, tank-mix combinations of 
herbicides, pre and post emergence herbicides were 
tried in the present investigation to study the effects 
of different weed management strategies on the 
yield and quality of maize.

MATERIALS AND METHODS

The field research was carried out during 
summer 2015 at the College Farm, Navsari 
Agricultural University, Navsari on clayey soil 
having a pH 7.98 and poor in available nitrogen 
(230 kg ha-1), medium in available phosphorus (38 
kg ha-1) and considerably rich in available potash 
(379 kg ha-1). Ten treatments comprising of weed 
management practices viz., weedy check, weed 
free, interculturing at 30 and 45 DAS followed by 
hand weeding, sugarcane trash mulch @ 5 t ha-1, 
alachlor @ 1.5 kg ha-1 PE, atrazine @ 0.75 kg ha-1 

PE, alachlor @ 1.5 kg ha-1 + atrazine @ 0.5 kg ha-1 

PE, atrazine @ 0.75 kg ha-1 + pendimethalin @ 
0.75 kg ha-1 PE, atrazine @ 0.75 kg ha-1 + 2.4 D 
@ 0.5 kg ha-1 PE, atrazine @ 1.5 kg ha-1, PoE 30 
DAS were evaluated in randomized block design 
with three replications. Gujarat Maize 6 was sown 
during second week of February keeping row to 
row spacing of 60 cm and plant to plant spacing 
of 20 cm (15 kg ha-1 seed rate). The crop was 
harvested in the second week of May. The crop was 
fertilized with 120 kg N and 60 kg P2O5 through 
urea and single super phosphate, respectively. 
The required quantity of half N and whole P2O5 
was drilled at the time of sowing. The remaining 
half N was band placed in two equal splits at knee 
high and tasseling stages. Herbicides were applied 
as per treatment with backpack power sprayer 
using 600-liter water per hectare. Pre-emergence 
application of herbicides was made within 24 hours 
of sowing. Post-emergence application was made 
on the emergence of broadleaf weeds at 30 DAS. 
Weed counts and dry weight were recorded at 
two spots using a quadrate. Yields were harvested 
from net plot. Economics of the treatments was 
computed based upon prevalent prices. Keeping 
all these aspects in view, an attempt was made to 

find out the economical and effective herbicides 
weed management in maize under south Gujarat 
condition. 

RESULTS AND DISCUSSION

Effect on yield

The grain and straw yield (kg ha-1) were 
significantly influenced by different weed 
management treatments. Significantly higher grain 
and straw yield were registered under weed free 
treatment (6566 and 8135 kg ha-1, respectively), 
which was statistically at par with atrazine @ 0.75 kg 
ha-1 + pendimethalin @ 0.75 kg ha-1 (6267 and 7921 
kg ha-1) as PE, alachlor @ 1.5 kg ha-1 + atrazine @ 
0.5 kg ha-1 (5918 and 7316 kg ha-1) as PE, atrazine 
@ 0.75 kg ha-1 + 2.4 D 0.5 @ kg ha-1 (5820 and 7276 
kg ha-1) as PE, atrazine @ 0.75 kg ha-1 (5680 and 
6856 kg ha-1) as PE and atrazine as PoE @ 1.5 kg 
ha-1 at 30 DAS (5619 and 6819 kg ha-1), while weed 
control through sugarcane trash mulch @ 5 t ha-1 and 
alachlor @ 1.5 kg ha-1 PE were also at par in case of 
straw yield. Among herbicide treatment, T8 recorded 
significantly higher with grain yield (6267 kg ha-1) 
followed by T7 and T9. The lowest grain and 
straw yield (3505 and 5526 kg ha-1, respectively) 
were recorded under weedy check (T1). The better 
performance of yield under weed free condition 
might be due to effective control of weeds and higher 
weed control efficiency as well as lower weed index 
observed, which cumulatively facilitated the crop to 
utilize more nutrients and water for better growth 
and development in terms of various yield attributing 
characters. These findings corroborate the results 
of Mathukia et al. (2014), Dobariya et al. (2015), 
Samant et al. (2015) and Ehsas et al. (2019) in maize.

Effect on quality

Significant enhancement in protein content 
and protein yield of maize was obtained under weed 
free treatment as compared to weedy check. Weed 
management in maize failed to exert its significant 
effects on protein content (%), but the minimum 
protein content (9.75%) with alachlor @ 1.5 kg ha-1 

+ Atrazine @ 0.5 kg ha-1 PE, while the maximum 
under atrazine @ 0.75 kg ha-1 + pendimethalin @ 
0.75 kg ha-1 PE (Table 1). 



December 2022 131WEED MANAGEMENT PRACTICES IN MAIZE

Table 1. Yield, protein content, protein yield and soil available nutrients as influenced by weed management in maize

Treatments Grain 
yield  
(kg ha-1)

Straw 
yield  
(kg ha-1)

Protein 
content 
(%)

Protein 
yield  
(kg ha-1)

Available 
nitrogen 
(kg ha-1)

Available 
phosphorus 
(kg ha-1)

Available 
potassium 
(kg ha-1)

T1 Weedy check 3505 5526 327.6 171.3 29.4 267.8 327.6

T2 Weed free 6566 8135 660.3 205.7 34.1 349.4 660.3

T3 Weed control 
through soil mulch 
(Interculturing at 30 
and 45 DAS followed 
by HW)

5228 5910 517.2 189.4 32.4 334.6 517.2

T4 Weed control through 
sugarcane trash mulch 
@ 5 t ha-1

5513 6752 549.6 198.6 33.7 345.9 549.6

T5 Pre-emergence 
application of Alachlor 
@ 1.5 kg ha-1 

5460 6536 541.3 183.1 29.9 328.0 541.3

T6 Pre-emergence 
application of Atrazine 
@ (0.75 kg ha-1)

5680 6856 561.3 176.3 30.0 317.4 561.3

T7 Pre-emergence 
application of 
Alachlor @ 1.5 kg ha-1 
+ Atrazine  
@ 0.5 kg ha-1 

5918 7316 577.3 186.3 29.5 328.6 577.3

T8 Pre-emergence 
application of Atrazine 
@ 0.75 kg ha-1 + 
Pendimethalin  
@ 0.75 kg ha-1 

6267 7921 626.5 189.4 32.0 330.8 626.5

T9 Pre-emergence 
application of Atrazine 
@ 0.75 kg ha-1 + 2.4 
D 0.5 @ kg ha-1 

5820 7276 577.6 185.0 29.4 327.2 577.6

T10 Post emergence 
application of 
Atrazine@ 1.5 kg ha-1, 
30 DAS

5619 6819 549.2 180.8 30.1 323.8 549.2

S.Em. ± 312.3 505.7 33.48 5.45 1.08 18.26 33.48

C.D at 5 % 999.1 1617.7 107.1 17.4 3.5 NS 107.1

C.V. % 9.73 12.68 10.57 5.06 6.05 9.72 10.57
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Weed free produced significantly maximum 
protein yield (660.3 kg ha-1), which was statistically 
at par with treatment T8, T9, T7 and T6 with the 
protein yield of 626.5, 577.6, 577.3 and 561.3 kg ha-1, 
respectively. This could be due to higher uptake 
of nitrogen consequent to higher mineralization of 
soil nitrogen. The result confirms the findings of 
Patel et al. (2006) and Yeganehpoor et al. (2013) 
in maize.

Effect on soil nutrients

After harvest of crop, available nitrogen 
and phosphorus were recorded the maximum 
values under weed free conditions (205.7 and 
34.1 kg ha-1), which was statistically at par with 
weed control carried out through sugarcane trash 
mulch@ 5 t ha-1 followed by interculturing at 30 
and 45 DAS followed by HW and atrazine @ 0.75 
kg ha-1 + pendimethalin @ 0.75 kg ha-1 , PE, which 
registered 198.6, 189.4 and 189.4 kg ha-1 available 
nitrogen and 33.7, 32.4 and 32.0 kg ha-1 available 
respectively (Table 1). Available K2O kg ha-1 after 
harvest of crop was failed to exert its significant 
influence due to weed management. It might be due 
to efficient weed management prevent nutrient loss 
by weeds. Mulching with sugarcane trace increased 
soil organic matter and microbial respiration that 
increase microbial activity on nitrogen availability 
of nutrients. Similar findings were also reported by 
Manjith Kumar and Angadi (2014).

Weed free condition as a result of effective 
weed management strategy is very important for 
achieving the soil quality parameters available 
nitrogen and phosphorus and production traits like 
grain and straw yields.
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ABSTRACT

Grape ‘Shindokhani’ variety is the most extensively produced, local and commercial table grape in 
Afghanistan. This variety is mostly demanded which is used for export, raising and table grape but this 
cultivar's short postharvest life is one of the main concerns. A study was conducted at Kabul University's 
Laboratory of Horticulture Department to determine how Aloe vera gel edible coating influenced the 
shelf life of cv 'Shindokhani' table grapes after harvest. This study used a completely randomized 
design to conduct a single factor experiment with five treatments and three replications. The initial 
step involved dipping grape clusters in five different Aloe vera (AV) gel coating 0%, 5%, 10%, 15%, 
20%, drying and storing the bunches, and collecting data over a 3-day period. The proportion of weight 
loss (WL%), berry decay (DP%), berry total soluble solid (TSS), and berry pH were all measured. The 
findings, applying Aloe vera gel coating reduced WL%, DP%, as well as increase the amount of TSS, 
and pH. The coated grapes had the least weight loss as well as the lowest DP% and the maximum TSS%. 
As a result, enhancing the quality and shelf life of grape cv 'Shindokhani' by applying postharvest Aloe 
vera gel coating in a 5% and 15% concentration are recommended.

Key words: Aloe vera, edible coating, fruit quality, post-harvest quality, table grape

INTRODUCTION

Grapes (Vitis vinifera L.) are prized temperate 
fruit plants adapted to tropical and subtropical agro-
climatic conditions. The fruit is a fleshy globose to 
oblong berry. The fruit can be white, green, purple, 
or red in color and can grow to reach 3 cm long (Urbi 
et al., 2014). Grape is one of the most important 
small fruits in the world, both as a fresh fruit (table 
grape) and as a processed product (grape juice, 
molasses, and raisins). As a fresh fruit, grapes are 
quite delicate, and there is a significant amount of 
loss between harvest and distribution. Weight loss, 
cluster and berry color changes, softness and fungal 
degradation during storage, and a lack of linked 
processing industries are all key issues with table 
grapes (Farahi, 2015). The grapefruit contains like 

water 82%, carbs 12-18%, proteins 0.5-0.6%, and 
fat 0.3-0.4%. Grapes are also a good source of other 
nutrients, such as boron, which may help with bone 
health (Yadav et al., 2009). In addition, Grape is a 
popular fruit that are high in phytochemical such 
phenolic acid, flavonoid, tannins, anthocyanin, 
cyanidin, ellagic acid, and proanthocyanidins, all of 
which have health advantages. Fever, diarrhea, and 
ulcers could all be treated with different components 
of the plants (Karthikeyan et al., 2020).

There are over 100 grape varieties in 
Afghanistan, but commercial production is focused 
on three varieties, i.e., Shindokhani, Kishmishi, 
and Taifi. Shindokhani is a local grape variety in 
Afghanistan that has a high commercial return and 
is in high demand both in the country and around 
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the world. This grape variety is seedless, has a 
light-yellow color, and matures in September. It 
is used for table grapes, raisins, and export, but 
the short postharvest quality is the main issue 
with this variety (Roots of Peace and Ministry of 
Irrigation, 2016).

Grape production was estimated to be around 
74.5 million tons, based on a 7.12 million hectares 
of growing area. China, Italy, the United States, 
Spain, France, Turkey, India, and Iran are the top 
grape producers (Pahi et al., 2021). Agriculture is 
the main source of the Afghan economy, accounting 
for 23% of the country’s gross domestic product 
(GDP) in 2017, with 61.6 per cent of the working 
force employed in this industry. Afghanistan 
produces organic fruits, nuts, and grains, 
vegetables, and livestock goods such as cashmere, 
skin, and wool, with a substantial portion of these 
commodities destined for export. Horticulture is 
a significant element of the Afghan agricultural 
industry, accounting for around 360,000 ha or 14% 
of the total irrigated land area, and employs over 
2 million people. Many rural households rely on 
horticultural products, such as grape cultivation, 
to supplement their income. Grapes play a 
significant role in horticultural production and 
business in Afghanistan, accounting for 48 percent 
of all farmland allocated to fruit farming. In 2015, 
grapes were the most popular export commodity, 
accounting for 19.5% of Afghanistan’s total exports 
(Safi et al., 2018). Grape output in Afghanistan 
climbed from 3,60,000 MT in 2007 to 8,74,541 MT 
in 2016. In 2016, the province of Kandahar produced 
the majority of grapes. In 2015, Afghanistan was 
the world’s eighth largest producer of raisins (dried 
grapes), accounting for 2.54% of global production 
(Atif et al., 2020)

Edible coatings are made up of edible 
components including lipids, proteins, and 
polysaccharides, and they can be eaten. By 
purifying the internal atmosphere of food products, 
these coatings extend their shelf life. These act 
as a semipermeable barrier, slowing respiration 
and transpiration and so delaying aging (Qamar 
et al., 2018). Aloe vera L. is a succulent plant of 
the Asphodelaceae family of the genus Aloe that 

has been used for centuries as a medicinal herb. 
(Nicolau-Lapeña et al., 2021). Aloe vera seems to 
be a cactus because of its thick, thorn-edged leaves 
that kept changing from gray to brilliant green, but 
it is basically a lily (Asphodelaceae). A regular Aloe 
vera plant blooms on and off throughout the year, 
producing two or three yellow tubular blossoms 
that imitate Easter lily petals. Its thick leaves keep 
the plant's water supply contained, allowing it to 
survive long periods of drought. Because the leaves 
have a high capacity for retaining water, this plant 
can live in settings when most other flora has died, 
even in extremely hot and dry climates (Misir et al., 
2014). Aloe gel coating was found to be effective 
in lowering weight loss, eliminating changes in 
Physicochemical parameters of fresh fig fruits (such 
as: pH, titratable acidity and total soluble solids), 
and reducing fruit degradation (Farahi, 2015)

MATERIALS AND METHODS

Plant Material

Table grape (Vitis vinifera L. cv. Shindokhani) 
have been bought at the level of ripe from the local 
farmer, Shaker Dara district of Kabul, Afghanistan 
during the month of October in 2021 and has been 
transmitted instantly to Horticulture Department, 
Faculty of Agriculture, Kabul University. At the 
laboratory, clusters have been chosen to obtain 
homogenous bunches based on color, size, and 
absence of injuries. Aloe vera plants were collected 
from Shopkeeper, Kota Singe, Kabul city, and 
have been shifted to Laboratory of Horticulture 
Department. 

Fruit coating

Clusters of grapes have been covered with 
Aloe vera gel at levels of 0 %, 5%, 10%, 15% and 
20%. Treatment have been performed by immersing 
for 15 minutes in indicated treatments. The covered 
and uncovered bunches of the fruits have been 
air dried, placed in plastic box which having 
holes and maintained at room temperature and 
relative humidity 21% for 22 days. During storage, 
at 3 days’ interval, clusters of each treatment 
have been taken for evaluation of qualities and 
following analysis:
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Table 1. Treatment Details

Treatment Description Concentration (%)
T1 Water 0
T2 Aloe vera Gel 

Coating
5

T3 Aloe vera Gel 
Coating

10

T4 Aloe vera Gel 
Coating

15

T5 Aloe vera Gel 
Coating

20

Weight loss

The percentage of Weight Loss (WL, %) was 
determined according to the bellowing equation:

Weight Loss %=(Initial weight - weight 
sample)/(initial weight) × 100

Fruit decay 

Fruit decay (%) was determined by the below 
equation:

Berry decay (%)=(Weight of Decayed Berries)/
(Initial Cluster Weight) × 100

Fruit pH

Primarily, at 3 days’ interval about 28 mL from 
each treatment have been taken for making the juice 
and transferred to glass flask and the pH for pH meter 
was controlled by the distilled water, in consequence, 
this parameter has been taken and calculated by the 
digital pH meter 

Total soluble solids 

Primarily, at 3 days’ interval the 28 mL of grape 
juice from each treatment have been taken for making 
ready the juice, in consequence the total soluble solids 
(TSS) have been calculated and measured by the hand 
refractometer and have been shown in Degree Brix. 

Experimental design and statistical analysis

This experiment has been undertaken as a 
single factor experiment. Data have been subjected 

to analysis of variance. The experimental data has 
been carried out in Completely Randomized Design 
with five treatments and three replications of 
grapes. Data have been analyzed by using Statistical 
Package for the Social Sciences. Means have been 
compared by the Least Significant Differences test 
at significant level of 0.05.

RESULTS AND DISCUSSION

Weight loss

Table grapes, like many other fruits, 
experience a variety of physical, chemical, and 
biological changes during storage that trigger and 
hasten the ripening process. Due to weight losses 
and the incidence of decay brought on by fungal 
plant diseases, these changes are accompanied 
by economical postharvest effects. Aloe vera 
treatment considerably decreased weight loss, 
which is regarded appropriate for retailing 
reasons, and this weight loss was synchronized 
with a decrease in respiratory rate. Weight loss 
rose while the grapes were being stored, although 
it was substantially more pronounced in the 
control than in the berries treated with Aloe vera 
gel. It is clear that the T1 treatment resulted in 
the fruit shedding the most weight (10.37). Even 
though the fruit losing weight was the lowest in 
Treatment 2 (7.59), (Fig. 1) it was also lowest 
in Treatment T4 (8.60) and T3 (8.96) (Fig. 1). 
In addition, when T2, T3, and T4 therapies are 
compared to T1 treatments, there was a favorable 
association. 

Unexpectedly, coatings containing 20% 
Aloe vera did not include any greater gloss 
to grapes than coatings containing lower 
concentrations of Aloe vera. This could be 
directly attributable to the translucent nature of 
coating preparations, which could be enhanced 
by increasing lipid content, making the coating 
seem so less shiny. Moisture may have escaped 
from the grapes because of a lack of coating 
integrity and conformity, as well as possibly the 
type of variety. As a result, this agrees with the 
experiment of Ali et al. (2016). 
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Table 2. Effects of Aloe vera edible coatings on weight loss (%) of grapes (Shindokhani) in various treatments

Treatment Storage Days Mean
4 7 10 13 16 19 22

T1 0 10.2 6.92 9.3 10.06 16.03 20.13 10.37
T2 0 7.15 6.53 8.73 7.7 9.56 13.48 7.59
T3 0 9.1 7.22 9.15 9.83 12.16 15.3 8.96
T4 0 7.53 6.76 8.7 9.43 11.66 16.13 8.60
T5 0 8.16 7.53 9.73 12.16 17.36 20.43 10.25
Mean 0 8.428 6.992 9.122 9.836 13.354 17.094
SD 0 1.1048 0.350 0.3831 1.4267 2.8947 2.7406
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Fig. 1. Effects of edible coatings on weight loss (%) of Grape (Shindokhani) in different treatments

Omero and Errano (2005) reported similar 
results, claiming that Aloe vera gel coating 
prevented weight loss, quality loss, color changes, 
and prolonged the storability of table grapes, this is 
due to edible coatings' hygroscopic qualities, which 
allow for the creation of a water barrier between 
the fruit and the environment, preventing external 
transmission of moisture. Without the addition of 
lipids, Aloe vera gel, which is primarily composed 
of polysaccharides, was an excellent moisture 
barrier. According to Peyro et al. (2017), in the 
table grape Shahroudi 15% Aloe vera gel coating 
had the highest amount of TSS, and reduction in 
weight loss as well as improving the grape's shelf 
life and postharvest quality. This is because of 

Aloe vera gel functions as an O2 and CO2 barrier 
as well as a moisture barrier, reducing weight 
loss. Furthermore, when compared to uncoated 
berries, Chauhan et al. (2014) found that 5% and 
10% Aloe vera gel caused lesser weight loss, minor 
browning, and reduced the number of bacterial 
and fungal population. Similarly, Shahkoomahally 
and Ramezanian (2014) found that Aloe vera gel 
coating on grape fruit reduced browning and 
dehydration while also lowering the weight loss. In 
addition, Ozturk et al. (2019) reported that weight 
of cherry fruit and firmness losses were postponed 
throughout storage. Relhan et al. (2021) also shown 
that application of Aloe vera gel coating could 
effectively reduce the losing of weight in Ber fruit.
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Ergun and Satici (2012) showed that the Aloe 
vera gel coating reduced weight loss significantly 
on Apple cv Granny smith, significantly. Khan et 
al. (2019) had shown that Aloe vera gel coating at 
level of 10% is very effective for extension lifespan 
of Apple fruits. 

Fruit decay

One of the most important postharvest factors 
affecting horticulture crop quality is decay. Aloe 
vera gel coating has previously been shown to have 
antifungal effect against several pathogens found in 
harvested crops. The results of this study revealed 

According to Karunarathna et al. (2021), 
Aloe vera gel showed the best efficacy against a 
disease called Pestalotiopsis sp. and Phomopsis 
sp. ripening red. Tarabih (2020) showed that all 
natural extracts, such as Aloe vera gel coating, 
had a positive effect on pathogen development. 
According to Farahi (2015), employing Aloe vera 
gel coating reduced the proportion of berry decays, 
resulting in weight loss in grapes. 

When compared to uncoated fruits in a study 
on Ber fruit, Aloe vera gel coating was effective in 
retaining the attributes for at least 15 days, hence 
Aloe vera coating exhibited the least physiological 
weight loss and shrinkage percentage (Mani et 
al., 2017). According to Pinzon et al. (2019), Aloe 
vera gel coating reduced fungal deterioration and 
increased the shelf life of strawberries by up to 15 
days. Furthermore, Aloe vera gel coating with a 
10% level of Aloe vera showed promise in keeping 

Physio-chemical features as well as sensory 
attributes for Guava fruits (Shabir et al., 2021). 
An addition, Saharika et al. (2021) reported that 
application of Aloe vera gel coating could prolong 
the shelf life Guava fruits. Moreover, Marpudi et 
al. (2013) has reported that application of Aloe 
vera gel coating can partially bring changes in 
Physiochemical characteristics in Fig fruits and 
preventing from fruit degradation.  

Fruit pH

All treatments improved the pH value of 
coated and uncoated fruits, however Aloe vera 
gel considerably enhanced the pH value of coated 
fruits. The greatest pH of the fruits was found in 
T5 (4.11), while the lowest was found in T1 (3.78) 
(Table 4). The metabolic changes in the fruit, such 
as the breakdown of organic acids to sugars and 
participation in the respiratory cycle, account for 

Table 3. Effects of edible coating on fruit decay (%) of grape (Shindokhani) in different treatments

Treatment Storage days Mean
 4 7 10 13 16  19 22

T1 3.1 4.66 3.73 3.76 3.56 3.76 3.9 3.78
T2 3.1 4.23 3.93 4.46 4.13 4.2 4.4 4.06
T3 3.1 4.53 3.92 4.46 4.43 4.16 4.1 4.10
T4 3.1 4.9 3.96 4.53 4.26 4.16 3.7 4.08
T5 3.1 4.66 4.04 4.56 4.26 4.3 3.86 4.11
Mean 3.1 4.59 3.92 4.35 4.12 4.11 3.99
SD 0 0.218 0.107 0.299 0.299 0.185 0.240

that the applied treatment had a consistent effect 
on the berry decay percentage of "Shindokhani" 
grapes. The proportion of berry degradation was 
much lower in the Aloe vera gel-coated bunches. 
Clusters coated with T2 (4.51%) of Aloe vera 
gel coating had the lowest decay percentage 
when compared to others (Table 3). The highest 
percentage of berry decay was seen at 22 days, 
(20.2%). But according to treatment 7.13% for the 
T1 treatment, T2 therapies, as well as T3 and T4, 
have a favorable link with plant fruit deterioration. 
It is due to the beneficial effects of Aloe vera gel 
coating on the chemical parameters of plants.
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this. Edible coverings like Aloe vera gel coating 
efficiently delay the ripening and degeneration of 
the fruit by slowing down the pH changes. The pH 
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Fig. 2. Effects of edible coatings on PH of Grape (Shindokhani) in different treatments

of grapefruit increases as storage time increases, 
however, in T4 it appears to slow down and then 
increase again (Fig. 3).

This looks a lot like (Atlaw, 2018), who 
discovered that the pH of a fruit such as mango 
increased during storage due to the use of Aloe 
vera gel coating, and it was also assumed that 
the increase in pH was due to acid breakup and 
respiration during storage, and it was also suggested 
that using Aloe vera gel coating with citric acid can 
significantly increase the value of pH. Similarly, 
Nia et al. (2021) found that employing aloe gel 

coating elevated the pH value of berries somewhat 
throughout storage period, with the rise attributed 
to biochemical changes in the fruit and organic acid 
breakdown. Similarly, Ali et al. (2016) discovered 
that the pH of grape fruit increased steadily during 
storage. Coated grapes had a better value at the 
conclusion of the storage time, owing to the semi-
permeability formed by Aloe vera coatings on the 
fruit's surface. 

Table 4. Effects of edible coating on the pH of grape (Shindokhani) in different treatments

Treatment Storage days Mean
4 7 10 13 16 19 22

T1 3.1 4.66 3.73 3.76 3.56 3.76 3.9 3.78
T2 3.1 4.23 3.93 4.46 4.13 4.2 4.4 4.06
T3 3.1 4.53 3.92 4.46 4.43 4.16 4.1 4.10
T4 3.1 4.9 3.96 4.53 4.26 4.16 3.7 4.08
T5 3.1 4.66 4.04 4.56 4.26 4.3 3.86 4.11
Mean 3.1 4.59 3.92 4.35 4.12 4.11 3.99
SD 0 0.218 0.107 0.299 0.299 0.185 0.240
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Total soluble solid (TSS, Brix)

The total soluble solids of coated and uncoated 
grapefruit during storage are shown in (Table 5). 
During the storage period, the total soluble solids of 
coated and untreated grapes increased. T2 (26.81) 
had the greatest total soluble solid, followed by T4 

and T3 (Fig. 3). Because the covering material acts 
as a semi-permeable barrier, respiration rates are 
reduced. The largest TSS was seen throughout a 
period of 22 days, compared to the lowest quantity 
on the first day. Edible coatings have been shown to 
affect not just water vapor permeability, but also O2 
and CO2 permeability.

 

0

5

10

15

20

25

30

35

4 7 10 13 16 19 22

TSS

T1 T2 T3 T4 T5

Fig. 3. Comparison of total soluble solids in coated and uncoated grapefruits in different treatments

This is consistent with the findings of 
(Pinzon et al., 2019) who found that Aloe vera gel 
coating increased TSS in both coated and untreated 
strawberry fruits during storage. Similarly, Nia 
et al. (2021) found that Aloe vera gel coating 
enhanced the TSS of berries during storage when 
compared to control. In addition, Mohammadi et al. 
(2021) reported that TSS increased during storage 
without a significant difference between treated and 
untreated strawberries, and flavor index (as a ratio 
of TSS/TA) is a major criterion of fruit taste related 

to increasing sweetness and decreasing sourness. 
This is also in line with the findings of (Peyro et al., 
2017), who found that applying Aloe vera gel at a 
concentration of 15% enhanced total soluble solid 
content at the greatest rate in grape. According 
to Mani et al., (2018) the TSS content of various 
fruits coated and uncoated with various types of 
edible coating materials like Aloe vera coating can 
be enhanced, with the highest total soluble solid 
recorded at the 15th day of storage.
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Table 5. Effects of edible coating on TSS (Degree Brix) of grape (Shindokhani) in different treatments

Treatment Storage days Mean
4 7 10 13 16 19 22

T1 23 24.6 25.83 26.93 27.16 28.16 28.93 26.38
T2 23 25.26 25.36 26.93 28 28.83 30.33 26.81
T3 23 24.56 24.66 26.7 27.76 28.33 30 26.43
T4 23 24.6 26 27 28.33 28.56 29.2 26.67
T5 23 23.83 25.76 25.7 27.33 28.5 28.66 26.11
Mean 23 24.58 25.52 26.65 27.71 28.47 29.42
SD 0 0.454 0.479 0.486 0.428 0.225 0.637

CONCLUSION

Coatings made from naturally accessible 
organic materials such as Aloe vera might be 
simply incorporated into the present fruit handling 
system, giving the produce an extended shelf life. 
All covered grapefruit in exception of T5 treatment 
exhibited dramatically reduced weight loss, decaying 
percentage, and increased total soluble solid, pH of 
the fruit when compared to the untreated grapefruits. 
This study confirms Aloe vera gel coating as an 
effective bio-preservative and a viable alternative to 
synthetic preservatives. Aloe vera gel-based coating 
as a reasonably easy and safe approach to successfully 
enhance the shelf life of postharvest crops. The Aloe 
vera based covering is completely non-toxic to the 
environment. In reality, it is a green alternative to 
synthetic coatings and other post harvest chemical 
treatments. Dipping grapes in an Aloe vera extract 
reduced the rate of losing of moisture, which was 
thought to be the cause of quality degradation and 
weight loss. In general, the potential of Aloe vera 
gel coating to preserve higher quality for at least 22 
days was validated by a reduction in rotting, weight 
loss, and an increase in TSS and pH of the fruit as 
compared to uncoated grape fruits. Finally, Aloe 
vera gel coating to grape fruits @5-15 per cent are 
recommended for effective storage.
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ABSTRACT

Plastic has become a popular material in our daily life due to its structural integrity, chemical property, 
and versatile nature. Plastic has many valuable applications in high-tech horticulture which includes drip 
irrigation, plastic mulches, packaging, and storage for superior quality of produce and in post-harvest 
management. Plasticulture means the use of plastics in agriculture, horticulture, water-management, 
food grain storage and in related areas. Use of plastic in horticultural crop production has increased 
dramatically in the last ten years. Plasticulture use in the production of horticultural crops (vegetables, 
small fruits, flowers, plantation crops, and ornamentals) helps to mitigate the extreme fluctuations in 
weather, especially temperature, wind, which occurs in many parts of Afghanistan. However, scientists 
are constantly working upon to innovate and upgrade the biodegradable plastics in horticultural 
productions to check plastic pollution.

Key words: Drip irrigation, horticultural crops, mulching, plasticulture

INTRODUCTION

The word plastic is derived from the Greek 
words “PLASSIEN” and “PLASTIKOS” meaning 
to mold or shape a soft substance permanent or 
temporary. Plastic encompasses a wide variety 
of resins or polymers with varied characteristics. 
While there are natural polymers, but only 
synthetic polymers are referred as plastics. 
Plastic has become a popular material in our 
daily life due to its structural integrity, chemical 
property, and versatile nature. Plastic has many 
valuable applications in high-tech horticulture 
includes drip irrigation, plastic mulches, 
packaging, and storage for superior quality of 
produce and in post-harvest management (Lal 
Bhardwaj, 2013). The plastic films are easily 
available, easy to handle, transport and lay. 
This led to the use of plastic films as mulches, 
which is today the most preferred material. 
Now a days Low density polyethylene (LDPE) 
and Linear low-density polyethylene (LLDPE) 

plastic films are commonly used for mulching. 
LLDPE black color mulch film is most popular, 
owing to the twin properties of down gauging 
and better puncture resistance. The idea of using 
polyethylene film as mulch in plant production 
saw its beginnings in the mid-1950s. Dr. Emery 
M. Emmert of the University of Kentucky was 
one of the first to recognize the benefits of using 
Low-density polyethylene (LDPE) and High-
density polyethylene (HDPE) film as mulch in 
vegetable production. Emmert also wrote on other 
topics such as the use of plastic for greenhouses 
instead of glass and plastic in field high tunnels. 
Today, Dr. Emmert is considered the "father of 
plastic greenhouses". He was jokingly also called 
the "plastic surgeon" due to exorbitant use of 
plastic instead of glass for greenhouses and clear 
black plastic as mulch in vegetable production. 
Approximately 2,500 square miles (6,500 km2) 
of agricultural land utilize polyethylene mulch 
and similar row covers for crop production in the 
world (Sarthak et al., 2018). 
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Plasticulture is a system of growing crops in 
a way so that a significant benefit is derived from 
using plastic polymers (Abdul Baki et al., 1992; 
Wittwer, 1993; Sarthak et al., 2018). The discovery 
and development of polyethylene polymer in the 
late 1930s, and its subsequent introduction in the 
early 1950s in the form of plastic films, mulches, 
and drip-irrigation tubing and tape, revolutionized 
the commercial production of several horticultural 
crops and gave rise to Plasticulture. Use of plastic 
in horticulture crop production has increased 
dramatically in the last ten years even though the 
number of agricultural plastic manufactures has 
been reduced by 40% over the same period. The 
later discovery of other polymers such as polyvinyl 
chloride, polypropylene, and polyesters, and their use 
in pipes, fertigation equipment, filters, fittings and 
connectors, and row covers further extended the use of 
plastic components in this production system. The use 
of Plasticulture in the production of horticultural crops 
(vegetables, small fruits, flowers, plantation crops, and 

Fig. 1. Different types of greenhouses made up plastic

ornamentals) helps to mitigate the sometime extreme 
fluctuations in weather, especially temperature, rainfall 
and wind, which occurs in many part of Afghanistan 
(Silva et al., 2021).

We are aware that plastics contribute 
from fruit planting to post harvest handling and 
processing in many fruit crops (Hailu et al., 2013; 
Lal Bhardwaj, 2013). It is used at every stage of 
horticultural life cycle right from seeds packaging, 
planting, propagation, mulching, irrigation, 
harvesting, fruit packing and preservation. Plastics 
are used in greenhouses to promote growth and 
production under control condition to suppress 
weeds and maintain soil temperature as well as in 
bale wrap films and containers for seedling and for 
soil solarization to control pest and diseases. 

IS PLASTIC USEFUL?

Plastic is very useful because it can be 
colored, melted, shaped, squashed, cheapness, light 
weight, rolled in to sheets or made into fibers.
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Fig. 2. Drip irrigation plastic materials 

Fig. 3. Different types of high tunnels used in green 
houses
PLASTIC MULCHES

The black plastic film does not allow sunlight 
to pass through onto the soil. Thus, photosynthesis 
does not take place in soil in absence of sunlight 
below the black film. Hence, it arrests weed growth 
completely. The black plastic mulch is helpful 
in conserving moisture and controlling weed 
growth (Abdul Baki et al., 1992). However, it 
may increase the soil temperature. While the black 
plastic film has proved to be effective in plains 
to keep crop cool during summer, the transparent 
plastic film is effective in hilly areas for raising 
soil temperature in cold climatic conditions during 
winter (Acharya and Sharma, 1994). In wavelength 
selective or photo-selective films (also known as 
two-side colored) are designed to absorb specific 
wavelengths of sun’s radiation, which changes the 
spectrum of the sunlight passing through the film 
or being reflected back into the plant canopy which 

helps growers to control different plant properties 
such as leaf and fruit size, rot development, bloom 
size, inter nodal length, branching, plant height, 
yield, encourage fruit to grow lower down on plants 
and aid in disease control by keeping insects away 
(Lal Bhardwaj, 2013). 

Table 1. Increase in yield of fruit crops through plastic 
mulching (Hoornweg et al., 2013)

Crop
Yield (t ha-1) Mulched 

Increase in 
yield (%)Unmulched Mulched

Mango 4.93 7.1629 45.23
Litchi 111.00 125.00 12.61
Guava 18.36 23.12 25.93
Ber 7.02 8.92 27.06
Pineapple 10.25 11.75 14.63
Papaya 73.24 120. 64.24
Banana 53.99 73.32 33.95

Table 2. Increase in yield of vegetable crops through 
plastic mulching (Hoornweg et al., 2013)

Crop
Yield (t ha-1) Mulched 

Increase in 
yield (%)Unmulched Mulched

Cabbage 14.30 19.90 39.16
Cauliflower 18.58 25.02 34.66
Tomato 69.10 94.85 37.26
Chili 16.79 19.71 17.39
Okra 6.91 8.56 23.88
Bitter gourd 20.12 25.63 27.39
Egg plant 36.73 47.06 28.12
Broccoli 15.64 25.14 60.74

ADVANTAGES OF PLASTICULTURE

The initial driving forces for the use of 
plastics in horticulture were first to increase 
earliness and total crop productivity of high value 
horticultural crops (Lamont, 2005), second to take 
advantage of out of season production and third to 
use something as effective but much less expensive 
than glass as a protective covering (Acharya and 
Sharma, 1994). The promotion of earliness coupled 
with more productive and predictable total yields, 
holds for most all field grown horticultural crops 
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where plastics are used (Lal Bhardwaj, 2013). 
Earliness is especially important in the response to 
plastic covers for vegetable crops such as tomato, 
cucumber, pepper, eggplant, melon, sweet corn and 
for cut flowers. The improvement of cut flower 
quality is often a compelling factor for using plastic 
covers. Other beneficial effects of plasticulture 
with row crop mulching or covers in the field are 
the conservation of water through reductions in 
surface evaporation; a reduction in the loss of soil 
nutrients by leaching (Acharya and Sharma, 1994), 
weed control (especially for vine crops), protection 
of plants against wind, rain, hail, and insects (Lal 
Bhardwaj, 2013). 
RESULTS AND DISCUSSION  

Foregoing discussion concluded that plastics 
can be applied, for various purpose i.e.  mulching, 
low tunnels, protective structures, nets, irrigation, 
soil sterilization, plastic traps and packaging 
(Lamont, 2005). The outstanding success of use of 
plastics in comparisons with traditional horticulture, 
from the point of view of earlier crop production, 
safeguarding the harvest and making beneficial 
with minimum loss.

By its contribution, both to the quality and 
to the quantity of fruit crop production, control the 
pest and diseases, weed growth and shelf life of 
fruits. Black plastic material is better than the other 
colored plastics (Lal Bhardwaj, 2013). Transparent 
plastic is effective in soil solarization (Abdul Baki et 
al., 1992). Also increase the production compared to 
in unmulch production in fruits specially in papaya 
to 64.24% and in vegetables in broccoli 60.74%.  
FUTURE PROSPECTS

There will be many new developments with 
plastics for controlled environment in horticulture. 
Plastics offer an option for both increased vertical 
and horizontal expansion in horticultural crop 
production and needed improvements in product 
quality. Use of plastic films will be extended during 
the next decade to many additional crops and in 
developing countries. Plastic films with colored 
stripes and other color pattern may be developed 
that will help repel insects (Brown and Brown, 
1992; Scott et al., 1989) and biodegradable plastics 
ultimately will be fabricated to avoid undesirable 
residues, alleviate disposal problems, avoid “plastic 
pollution” (Barnes et al., 2009; Wilson, 2015) and 
be more environmentally acceptable (Jambeck et al., 

2015). The expanded use of plastic film covers for 
greenhouses and row crops and as soil mulches will 
continue and will push the productivity of high value 
fruits, vegetables, flowers, and ornamental crops into 
new geographical frontiers, including the tropics.
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ABSTRACT

In a rescue operation, Wildlife SOS Bannerghatta Bear Rescue Centre and the Karnataka Forest 
Department rescued a wild female sloth bear injured by a poacher’s snare. Approximately 2-3 years of 
age, the bear had suffered a lethal injury on her right foreleg just above the metacarpal region due to the 
snare. So, the bear was missing the first four digits and claws with gangrenous and septic wounds along 
the entire paw region. It was estimated that the bear had been injured for 6-10 days prior to her rescue. 
After a thorough medical examination and stabilization period that lasted for five days, a procedure of 
skin grafting using fresh tilapia fish skin xenograft was performed to facilitate the healing of the wound. 
A bandage was applied to cover the graft, that remained intact for two weeks. Fourteen days after the 
procedure, a close re-examination of the wound bed showed partial absorption of the tilapia skin graft. 
It diffused a microcapillary network and a thin whitish layer formed over the wound's surface, indicating 
granulation and formation of the collagen layer. The wild sloth bear was made to undergo training which 
utilized the principles of positive conditioning wherein the bear was rewarded with a treat every time 
she performed a desired action such as extending her paw. This allowed wound dressing to happen 
regularly and smoothly. After six weeks, the wounds completely healed.

Key words: Leg injury, poachers’ snare, sloth bear, tilapia fish skin, xenograft

INTRODUCTION

Skin grafting is an ancient technique dating 
back to 1500 BC once practiced by the Egyptian 
empire. It is mentioned in Egyptian papyrus role 
called 'Elbert Papyrus' and one of the Ayurveda's 
earliest pieces of literature 'Sushruta Samhita' which 
depicts that this technique was even 3000 years ago 
(Kohlhauser et al., 2021). The skin grafting procedure 
involves harvesting skin from the donor and 
incorporating it into the recipient. It is widely used in 
human medicine. Recent advancements in skin graft 
procedure in veterinary practice are helpful techniques 
for rapid healing of wounds that are delayed naturally 
or wounds that cannot be healed by the movement of 
local skin around the wound (Erwin et al., 2016). 

The grafts are generally classified into three 
categories. The first being autografts (donor site 
and the recipient site is on the same animal), second 
being allografts (a tissue graft from a donor of the 
same species as the recipient, but not genetically 
identical), and third being xenograft (donor and 
recipient species are different). Autografts are the 
most successful grafts as the host and recipient of 
the graft are immunologically identical. Allografts 
and xenografts are temporary and used in burns and 
large denuded wounds (Swaim, 1990). In the case 
of wild animals, practicing autograft is difficult due 
to their aggressive behavior and added stress to the 
animal by harvesting extra tissue from the same 
individual, which will result in a double wound, and 
managing both would be an additional challenge for 
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the wildlife veterinarian. On top of it, the expected 
behavior of any wild animal is self-mutilation, and 
there are bleak possibilities of applying e-collar or 
restraining them frequently in a crush cage (Arun et 
al., 2020, 2022).

Tilapias are freshwater fish and typically have 
laterally compressed, deep bodies like other cichlids. 
Tilapia fish skin has non-infectious microbiota even 
after sterilization of the skin, and it has a high amount 
of type I collagen and type III collagen (Lima-Junior 
et al., 2019). Tilapia skin is readily available. It is a 
qualitative, safe and an inexpensive material that can 
be easily applied in surgical procedures. Nile tilapia 
skin also has a high level of biocompatibility in 
nature. The collagen extract is a biocompatible type 
I collagen with potential biomedical material for use 
in clinical regenerative medicine (Alves et al., 2018; 
Ibrahim et al., 2020). The objective of the experiment 
was to use fish graft to use in wound healing of bear 
using standard protocols.

MATERIALS AND METHODS

Preparation of fish skin

Freshly caught tilapia fish from the local 
fishermen was procured and euthanized as per 
the standard protocol. The fish was examined 
and checked for any skin discontinuations. 
Usable fish skin was measured (Fig. 1) with 
the measuring tape and later on it was matched 
with the dimensions of the wound taken (Fig. 2) 
to avoid a mismatch of graft to the wound. 
Scales were brushed and obliterated from the 
skin. With the help of a sterile surgical blade, 
incisions were made across the three borders 
as per the wound dimensions, with one edge 
attached to the spine of the fish to provide grip 
and avoid tearing of the skin while debriding. 
The skin was separated from the underlying 
muscles, and debridement of underlying tissues 
was done (Fig. 3). 

Fig. 1. Usable fish skin measurement Fig. 2. Wound dimensions measurement

Fig. 3. Skin removal and debridement of underlying tissues

Sterilization of the fish skin

Sterilization of skin was carried out using 
chlorhexidine gluconate, povidone-iodine, and 
metronidazole. The tilapia skin was subjected 
to successive treatments of each disinfectant 
for different timing. The skin was dipped in 
chlorhexidine gluconate (4%) for 5 minutes, 
followed by 10% povidone-iodine for 10 minutes 
and metronidazole for 15 minutes, respectively (Fig. 
4 - 5). After the treatment with the disinfectants, 
the skin was placed on a sterile surgical cloth over 
a sterile sponge, and skin was spread over it. The 
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edges of the skin were held with the help of sterile 
needles to avoid rolling and shrinking of the skin 
(Alves et al., 2018; Ibrahim et al., 2020) (Fig. 6).

Fig. 4. Process of sterilization of fish skin 

Fig. 5. Sterilization of fish skin

Fig. 6. Holding of fish skin

Patient preparation

The sloth bear was chemically immobilized 
by the combination of drug ketamine hydrochloride 
and xylazine hydrochloride with a dose rate of 5 
mg kg-1 body weight and 2 mg kg-1 body weight, 
respectively with the aid of Dart gun (Fig. 7). 
Before the immobilization, the animal was made to 
fast for 12 hours. During the procedure, the utmost 
caution was maintained and all the vitals were 
monitored (Fig. 8). The surrounding area of the 
wound and the leg fur was shaved up to the elbow 
and later cleaned with 4% chlorhexidine gluconate, 
10% povidone-iodine, and metronidazole. The 
wound was washed with normal saline including 
cleaning of visible dirt and debris, and disinfection 
of the wound was undertaken by the same agents 
as described above (Fig. 9).

Fig. 7. Chemical immobilization using dart gun

Fig. 8. Monitoring of the vital signs
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Fig. 9. Wound cleaning and grafting site preparation

Wound preparation

For successful grafting, the vascularity of 
wound tissue is an essential factor. The excessive fat 
and unwanted tissues which can hinder the adhesion 
of the graft were scrapped with the surgical blade, 
and the wound was freshened across edges along 
the entire surface (Fig. 10).

Fig. 10. Wound preparation

Graft preparation

The dimensions of the graft were decided as 
per the dimensions of the wound. With the help of 
the tip of the 22 number bp blade, tiny 7-8 pores 
were made on the graft for aeration of the wound 
(Fig. 11). A thin layer of collagen ointment (silver 
sulphadiazine USP 1% w w-1 and collagen base) 
was applied over the surface in contact with the 
wound (Fig. 12). The graft was placed over the 
wound and sutured from the edges of the wound 
with absorbable suture (4-0) by deep, simple 
interrupted suture pattern. Initially, one border of 
the wound was sutured to ensure that while suturing 

opposite edge proper tension is available, and the 
graft stays in close contact with the underlying 
injury (Fig. 13). Four sutures in the central part, 
its adjacent areas were made to hold the graft in 
contact with the same place (Fig. 14).

Fig. 12. Application of collagen ointment on the contact 
surface of the graft

Fig. 13. Suturing of the graft

Fig. 11: Graft skin on the wound with pores for the 
aeration of the wound 



150 e-planet 20 (2): 146-151ARUN et al.

Fig. 14. Central sutures for holding of the graft

Bandaging of the wound

Aerated gauze bandages were applied over 
the graft site to facilitate easy airflow to the wound. 
Apart from the wound bandaging, additional 
bandages were extended till the shoulder joint as a 
safety measure to ensure that even if the bear tries 
to remove the dressing, the bandage will not tear 
from the main site of the operation (Fig. 15).

Postoperative measures

Before the shifting of bear, one extra room 
was made available to allow the bear to rest while 
existing room is washed and cleaned. It was 
ensured that both the chambers were free from 
visible dirt and any infective materials. Both rooms 
were checked for any sharp protruding elevations. 
Daily examination of the bandages was carried out 
to avoid infections at the site through soiling with 
water or urine. 

Postoperative treatment regime

Daily supplementation included two capsules 
of cod liver oil and NASID drug carprofen @4 mg kg-1 
body weight for seven days twice a day. No antibiotics 
were supplemented. Diet Supplementation included 
6-7 liters of nutritiously standardized porridge twice 
a daily, along with ten boiled eggs a day with 2 kg 
seasonal fruits like watermelon.

RESULTS AND DISCUSSION

Fourteen days after the procedure, the bandages 
were still intact as the bear had no complications like 
irritation and did not try to remove the bandages. After 
14 days, the bandages were removed, and the grafting 
site was examined. The graft was absorbed partially, and 
the wound showed a white layer over it, depicting that 
the collagen had absorbed. The injury was evident in the 
presence of microcapillaries at the contact surface. No 
secondary infections and inflammation were observed 
over the surface (Fig. 16). Both the pre operative injury 
and the post operative successful skin grafting have 
been presented here in Fig. 17 & 18 respectively.

In the recent past, skin grafting has been a 
promising development in the veterinary field and can 
be widely practiced for wound management. Several 
studies have recorded successful results in cats, dogs, 
and bears (Aisa and Vernon, 2016). Tilapia skin as a 
xenograft can be utilized as a biological dressing in 
the veterinary field. Under wildlife veterinary field, 
the skin grafting has rarely been practiced and there 
are least available literatures. Present study with 
a complete stepwise procedure along with clear 
documentation will no doubt make the wildlife 
veterinarians job much easier in future. This will be 
also tremendously beneficial to the wildlife especially 
in captivity.Fig. 15. Wound bandaging
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Fig. 18. Post-operative wound changes

Fig. 16. Post procedure wound healing and changes after 
14 days

Fig. 17. Pre-operative wound
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ABSTRACT

The Balukhand-Konark Wildlife Sanctuary located along the east coast of India and adjacent to Bay 
of Bengal falls under the jurisdiction of Odisha State. Data were collected from February 2018 to 
January 2019 for a period of one year. During the study period a total 41 numbers of white bellied sea 
eagle were found in Balukhanda-Konark Wildlife Sanctuary. The highest index value (0.52) was found 
in the Nuanai block, and the minimum index value (0.21) was reported in Nadiamatha block. Nests 
are preferred to build high up in casuarina tree (Casuarina equisetifolia) canopy and mobile towers 
contiguity which are attributed to easy movement and better protection from predators. White bellied 
sea eagle is locally threatened by high anthropogenic pressure like illegal felling, collection of fuel 
wood, livestock activities for which a detailed study about its ecology, behavior and threats is required 
for the conservation of this species and its habitat. 

Key words: Balukhanda, conservation, distribution, nesting, odisha, population, white bellied sea eagle

INTRODUCTION

The white-bellied sea-eagle (Haliaeetus 
leucogaster), also known as the white-bellied fish-
eagle or white-breasted sea eagle (WBSE), is a 
large diurnal bird of prey in the family Accipitridae. 
It is closely related to other eagles, kites, hawks, 
harriers and vultures (Rasmussen et al., 1987). It is 
distributed throughout southeast Asia to Australia 
along coastline and major waterways and a resident 
bird in India (Blakers et al., 1984; Newton et al., 
1990). The adult has white head, breast, under-wing 
coverts and tail. The upper parts are grey and the 
black under-wing flight feathers contrast with the 
white coverts. The tail is short and wedge-shaped 
as in all Haliaeetus species (Simpson and Day, 

2010). Earlier the white-bellied sea eagle was first 
described by the German naturalist Johann Friedrich 
Gmelin in 1788. This species can also be found in the 
islands of Bangladesh, Sri Lanka, Burma, Andaman, 
Laos, Ceylon, Wallacea, Bismarck Archipelago, 
Nicobars, and greater Sundas in the west to Hainan, 
Taiwan, New Ireland, New Britain, and Louisiades 
in the east, and south around Australia to Tasmania 
(Strange, 2000; Ferguson-Lees et al., 2001). White-
bellied Sea eagle is a monotypic species, with a 
world distribution stretching from India and Sri 
Lanka through Southeast Asia and the Philippines 
to Australia and Tasmania (Acharya, 1936; Mayr 
and Cottrell, 1979; del Hoyo et al., 1994). Nests are 
mostly found on treetop, near water bodies, cliffs 
and rarely on artificial structures (Cluine, 2013) 
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which are used by breeding pairs year after year 
(del Hoyo et al., 1994)

According to IUCN it has been categorized 
as least concern in the IUCN Red List of Threatened 
Species (Birdlife International, 2016). It is listed in 
the Schedule I of the Indian Wildlife (Protection) 
Act, 1972 and Appendix II of CITES. WBSEs 
can be found mainly on seacoasts, large rivers, 
inland freshwater swamps, settled mining pools, 
reservoirs, and open country (Ferguson-Lees et al., 
2001). WBSE is occasionally seen in island waters 
along tidal rivers and in freshwater lakes (Ali and 
Ripley, 1987).

In Odisha, major habitat of white bellied sea 
eagle in Bhitarkanika National Park (Sahu et al., 
2012; Palei et al., 2014). The resident population of 
WBSE in Bhitarkanika was estimated 10-15 in 2005 
(Gopi and Pandav, 2006; Sahu et al., 2012; Palei et 
al., 2019), and 17-20 in 2007 (Palei et al., 2014). 
Apart from Bhitarkanika, the species has been 
reported from Chilika lake and Konark-Balukhanda 
Wildlife Sanctuary (Rahamani and Nair, 2012). 
Here, we report the population status and nesting 
of white-bellied sea-eagle Haliaeetus leucogaster, 
in Balukhanda-Konark Wildlife Sanctuary, Odisha.

MATERIALS AND METHODS

Study area 

Balukhand-Konark Wildlife Sanctuary is 
a manmade forest tract along the Bay of Bengal 
situated between 19°48' to 19°55' North and 85°51' 
to 86°14' East (Fig. 1). This sanctuary is situated 
longitudinally along Bay of Bengal between 
Bankimuhan near Puri in the west and Keluni 
Muhan (Prachimouth) near Daluakani in the East. 
Konark with its famous Sun Temple is situated 
on the northern boundary mid-way. The altitude 
varies from 0 to 15 meter from mean sea level. 
The sanctuary is typical representative of coastal 
ecosystem in eastern Indian coastal plain. The 
average annual rain fall is around 1900 mm and 
temperature ranges from 15°C to 38°C in a year. The 
source of water in this sanctuary is the tributaries 
of Mahanadi i.e., Kushbhadra, Nuanai and Kadua 

flowing through the sanctuary and draining into the 
Bay. Being close to the sea, the water table is high, 
and water is available even in smaller water bodies. 
The total geographical area of this sanctuary is 87 
sq. kilometer, out of which forest land is 69.18 sq. 
kms. The sanctuary is close to the temple town of 
Puri and the archeological heritage of Konark. 

Biogeographically the vegetation of the 
sanctuary can be classified as coastal Casuarina 
plantation, cane brake and littoral and swamp 
forests. The forest of this sanctuary is mainly 
consisting of planted trees of Casuarina, 
cashew, Eucalyptus and Acacia spp. The natural 
vegetation of the sanctuary is mainly consists 
of neem (Azadirachta indica), mankad kendu 
(Diospyros embryopteris), barakoli (Ziziphus 
mauritiana), ghanta (Ziziphus xylopyra), guakoli 
(Maba buxifolia), kia (Pandanus fascicularis), 
jamun (Syzygium cuminii), jhumpuri (Streblus 
taxoides) etc. Mangroves are confined to Kadua 
riverbank and Golara block and consist of keruan 
(Sonneratia apetala), harkanch (Acanthus spp.), 
rai (Rhizophora spp.) and guan (Excoecaria 
agallocha) etc. 

Other major carnivore species found in this 
sanctuary includes hyena (Hyena hyena), jackal 
(Canis aureus), Indian fox (Vulpis bengalensis), 
jungle cat (Felis chaus), fishing cat (Felis viverina) 
and smooth coated otter (Lutra lutra), small 
Indian civet (Viverricula indica) and common 
palm civet (Paradoxurus hemaphroditus), and 
herbivore species include spotted deer (Axis 
axis), hare (Lepus nigricollis), porcupine (Hystrix 
indica), rhesus macaque (Macaca mullata), langur 
(Semnopithecus entellus) etc. The coastal sand all 
along the sanctuary particularly the river mouths 
are nesting sites of the olive ridley sea turtles. The 
sea coast along the Sahan forest block between 
Keluni mouth and New Devi Nadi region is the 
main nesting ground of these sea turtles. They used 
to congregate in large numbers in the sea waters of 
Devi river mouth for mating and breeding. Dolphin 
and porpoises could occasionally be seen in the sea 
and river waters. 



154 e-planet 20 (2): 152-158PALEI et al.

Fig. 1. White bellied sea eagle nest locations 
within Balukhand-Konark Wildlife Sanctuary, Puri, 
Odisha, India

MATERIALS AND METHODS

Observations were made, during February 
2018 to January 2019 in Balukhanda-Konark 
Wildlife sanctuary. The data were compiled and 
analyzed from the available records of forest 
department, structured and semi-structured 
interviews were taken from old and experienced 
staff of the sanctuary as well as from the local elders. 
As the uneven Terence of the forest landscape, 
random samplings were conducted in different 
beats of the sanctuary area in search of any nesting 
sites. Line transacts (2 km length) were taken along 
the coastal belt in Balukhand beat area towards the 
Nuanai river mouth which also cover the Beldala 
beat. This method is also followed at Ramchandi 
beat and its adjacent forest area, and in Nadiamatha 
beat area under Konark wildlife range.  

Field surveys were carried out every day in 
the early morning and afternoon along the beach 
as well as in the forest where most of its activity 
like hunting, perching, and feeding are observed. 
Hunting activities are mostly observed in the 
afternoon from 15:30 to late evening till 18:30. 
Our study mostly focussed during its breeding 
season and the parental care period which is from 
November to June. All these sightings and activities 
are observed by using 7 X 50 and 7 X 42 Bushnell 
binoculars. Photographs were taken by Canon EOS 
7D Mark II digital SLR and refined APS-C sized 
20.2-megapixel CMOS sensor with dual DIGIC 6 
image and Mark II 100-400 mm lens with Canon 

EF100-400 mm f/4.5-5.6l IS II USM Telephoto 
Zoom Lens. 

Primary field observations were carried out 
to determine the nesting areas of white bellied sea 
eagles and the types of trees preferred for nesting. 
However, as only a few nests were found random 
sampling was conducted by foot to find the nest 
sites inside the forest. Also forest staffs, watchers 
and local people helped a lot in finding nesting 
sites, during field survey inside forest area. 

RESULTS AND DISCUSSION

A total of 10 nesting sites with 41 identified 
individuals of white bellied sea eagle (WBSE) 
were located during February 2018 to January 
2019 for a period of one year. The nests were 
located at Balukhanda range Office (one nest and 
eight individuals) and Ramchandi (one nest and 
six individuals), Sunamuhi (one nest and five 
individuals), Panaspada and Beldala each occupied 
with 4 numbers WBSE, Bhabakundaleswar (one 
nest and three individuals), Nadiamatha and 
Arakuda each occupied with 2 numbers of WBSE, 
Nuanai, Konark, Astaranga and Ramchandi each 
occupied with one WBSE. All the nests were found 
in the coastal or near (10 km) the coastal region 
of the sanctuary area. Among10 nest sites, 3 nests 
occupied in live tree (Eucalyptus spp. and Casuarina 
equisetifolia) and 2 nests were seen on dead tree and 
4 nests were seen in mobile towers (Table 1; Fig. 3; 
Fig. 4 and Fig. 5). Block-wise species diversity index 
was also calculated in the sanctuary. 

Table 1. Landuse types associated with white-bellied 
sea-eagle nest-sites in Balukhand-Konark Wildlife 
Sanctuary

Sl. 
No

Landuse
type

No. nests %

1 Reserve forest 1 10
2 Grassy open forest 1 10
3 Shrubby open forest 1 10
4 Village area within the 

sanctuary
5 50

5 Plantation area 2 20
Total 10 100
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Fig. 3. (a) Nest of white bellied sea eagle on Casuarina 
equisetifolia tree at Balukhanda Range Office campus  
(b) Nest guarded by a pair of WBSE on a Casuarina 
equisetifolia tree at Ramachndi (c) Nest found on a 
Mobile tower at Arakuda (d) Nest found on a Mobile 
tower at Nadiamatha, Balukhand-Konark Wildlife 
Sanctuary.

Fig. 4. White bellied sea eagle guarding itsneston a mobile 
tower, Arakuda, Balukhand-Konark Wildlife Sanctuary

Fig. 5. A white bellied sea eagle guarding its nest on a 
Eucalyptus spp. tree, Balukhand-Konark Wildlife Sanctuary

Fig. 6. A juvenile white bellied sea eagle captured in 
flight, Nuanai, Balukhand-Konark Wildlife Sanctuary

Fig. 7. An adult white bellied sea eagle captured in flight,   
Beldala area, Balukhand-Konark Wildlife Sanctuary
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The species diversity index was calculated for each 
fortnight. The highest index value 0.52 was found 
in the 1st fortnight of April in Nuanai block. The 
minimum index value (0.22) was reported in all 
the blocks in different fortnights except Nuanai 
Muhan block. Nests high up in casuarina trees 
(Casuarina equisetifolia) and mobile watch tower 
are taller in height canopy contiguity which are 
attributed to easy movement and better protection 
from predators.

Nest site

Most nest-trees used by white-bellied sea-
eagle (n = 10) were in village area within the 
sanctuary (50%, n = 5), with two (20%) in plantation 
area and one (10%) each in reserve Forest, grassy 
open forest and shrubby open forest (Table 1, Fig. 2). 
Two nests, three nest in live tree Casuarina 
equisetifolia and five nest were mobile watch tower 
with height 37-46 m tall (Table 2). Nest-trees were 
19-25 m tall (mean 19.8 m, standard deviation 3.4), 
with a deviation of 1.1-2.1 m (mean 1.5 m, s.d. 0.3); 
all were alive and dead tree. 

disturbance (Thurstans, 2009). Most of the WBSEs 
built their nests on cliffs in open coastal landscapes, 
with little visual screening over a long distance 
(Dennis and Baxter, 2006). Most of the occupied nests 
(seven nests) were found at Nuanai area and Beladala, 
four of these were considered active during the survey. 
The WBSEs preferred to build their nests around the 
Balukhanda area, which could be due to the frequent 
occurrence of whirlpools in the water body around 
that area: aquatic animals such as sea snakes and fish 
stunned by the whirlpools would emerge to the sea 
surface, facilitating the foraging and feeding of the 
birds. WBSE juveniles and adults were also observed 
using these areas to forage (Fig. 6; Fig. 7). It was 
estimated that over 41 individual birds were recorded 
during the survey, including juveniles, and wandering 
or solitary birds, with at least 8 breeding pairs. This 
population number is considered quite high for a 
such small area of the study site. Habitat destruction 
represents the most crucial threat to such species, as 
it results in the direct loss of potential nesting sites 
and reduced breeding success (Bilney and Emison, 
1983). Increased human presence is detrimental to 
WBSE nesting as it may leads to decreased nest 
productivity (Dennis et al., 2011). In this study, it was 
found that most of the nest sites in the sanctuary were 
subjected to disturbance by human activity resulting 
in declination of nest productivity and premature 
death of young ones. Other possible threats that may 
affect the species in the park include the depletion of 
fish stock along the coastal region of sanctuary, or 
more specifically in the waters of the park’s shoreline, 
due to and illegal trawling (Mohd Hifni et al., 2006). 
Water contamination by oil spills around the sanctuary 
area by extensive fishing and tourist boats could also 
contribute to food chain contamination.

It is recommended that education on bird 
conservation programmes, particularly on WBSE, 
be held by buffer area of the sanctuary to create 
awareness among the public about the importance 
and ecologically value of the species in the sanctuary. 
Wildlife protection Act, 1972 also provides for the 
reservation, protection, and management of flora 
and fauna within sanctuary. The protection and 
enhancement of native vegetation that is suitable for 
WBSE i.e., timber trees are likely to benefit other 
indigenous flora and fauna species, is also highly 
relevant. 

 

Reserve Forest
10%

Grassy open forest
10%

Shrubby open 
forest
10%

Village area with in 
the sanctary 

50%

Plantation  Area
20%

Fig. 2. Landuse type associated with white bellied sea 
eagle nest in Balukhanda-Konark Wildlife Sanctuary

The survey of 41 WBSE nests revealed a rate of 
territory occupied of 16 of 34 (47%) as stated in Table 
1. However, the rate of territory may be different in 
other areas, as there were apparent differences in the 
surrounding activity, e.g., food abundance and human 
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This study provides a preliminary data about 
the population size of WBSE in Balukhanda-Konark 
Wildlife Sanctuary area and their local distribution 
for future research purpose. When integrated with 
other local studies, this preliminary survey should 
serve as a starting point for the collection of reliable 
baseline information that will contribute to the better 
conservation and management of this species, thereby 
enhancing our ability to monitor future changes.
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ABSTRACT

Non-Timber Forest Produce (NTFP) plays a significant role in improving the livelihood of the people 
living in the forest fringe. It can be helpful in sustainability as well as inclusive growth. In India, NTFP 
is the major source of income for the tribal population. Therefore, the Government has launched several 
schemes for raising the living standards of tribal population and management of non-timber forest 
produce. The objective of this study is to investigate the factors that help in successful implementation 
of these Government schemes to provide benefits to the tribal community and rural poor. The qualitative 
analysis of data was done by  compilation of information through interviews of cooperative society 
members, SHG members, villagers and officials from agencies involved in implementation of these 
schemes. It was found that awareness related to these schemes is quite low among rural people. The 
study reveal that the villagers sell their produce in local markets rather than selling it to government 
agencies at minimum selling price due to lack of instant cash payment, distance factor, expolit of middle 
man/contractors, improper transportation & adminstrative discordination. 

Key words: Forest produce, Jharkhand, livelihood, MFP, NTFP, tribal

INTRODUCTION

The Minor Forest Produce (MFP) referred 
to as Non-Timber Forest Produce (NTFP) is 
recognized internationally for its potential to raise 
the livelihood, if managed in an environment 
friendly manner (Arnold and Ruiz- Perez, 2001). It 
can lead to sustainable and inclusive growth of the 
economy of the nations. NTFP collectors mainly, 
comprise poor population who sell the important 
forest products such as wild fruits, honey, medicinal 
plants, latex etc. and earn money. They also 
collect tubers, fruits, fuel wood etc. for their own 
consumption (Stanley et al. 2012). The processing 
and sale of NTFP generate employment for local 
communities residing besides the forests. Thus, if 
regulated properly, NTFP can reduce the poverty 
and raise the living standards of people. Also, 
proper management of forest would be essential to 

reduce deforestation and reduce pollution (Mandal 
et al., 2012). In India, NTFP is the major source 
of income for tribal population living in or in the 
proximity of the forests. According to Tewari and 
Campbell (1995), 55% of the people earn their 
income through forests and around 40% of the total 
revenue that generates through forest is contributed 
by NTFP. Recognizing the importance of forests 
for tribal population, National Forest Policy (1988), 
counsels that all the initiatives which are related to 
protection of the forest, regeneration or development 
of the forest or providing employment must involve 
the tribal people. Local collectors of NTFP can 
establish micro, small and medium enterprises 
with capacity building, financial and institutional 
support, and infrastructure development to earn their 
livelihood (Planning Commission, India, 2011). 
Government of India has launched several schemes 
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such as Forest Rights Act, 2006 and marketing 
of NTFP through Minimum Support Price (MSP) 
and development of value chain for it. Also, a 
budget of Rs. 659 billion has been proposed by 
the Government of India in 12th five-year plan 
for meeting various challenges and issues related 
to NTFP. NTFP are products obtained from 
forests that include plants such as fruits, flowers, 
grass as well as fauna and its related products 
like insects, honey (Shackleton et al., 2011). As 
per Belcher and Vantomme (2003), NTFP are 
subsistence source of income for rural people or 
people living in the proximity of the forest. They 
provide food, medicines, fuel and fodder, shelter, 
source of energy to human beings (Pandey et al., 
2016). According to Shackleton and Shackleton 
(2004), NTFPs provide green social security to 
billions of people in the form of low-cost building 
materials, fuel, food supplements and traditional 
medicines (Ahenken and Boon, 2010). Ajaz-
ul-Islam et al. (2013) recognized the scope for 
development of NTFP based employment through 
value addition, commercialization, storage etc. 
However, NTFP is not adopted as a regular 
income generation activity by rural people, rather 
used to fulfill their livelihood needs, due to 
lack of knowledge and value addition facilities, 
proper market etc (Tripathi, 2016). In a study 
conducted by Ahenken and Boon (2010), it was 
diagnosed that commercialization of NTFP faces 
many critical challenges related to processing, 
labeling, packaging, and marketing. Menon 
et al. (2015) observed that consumers should 
take environmental aspect into consideration 
if awareness about environmental degradation 
is in their mind. Giri et al. (2005) studied that 
though NTFP can be used for medicinal purpose 
and in small cottage industries but still it is 
an unorganized sector in forest management. 
Aiyeloja and Ajewole (2006) asserted that 
NTFP harvesting is seasonal and lack of proper 
transportation facilities, credit, and capital 
facilities, deprive full utilization of NTFP for 
poverty reduction. Chaudhary et al. (2008) found 
that the primary collectors of NTFP dispose the 
products in the local market at throw away prices 
without any value addition. The major constraints 

that affect the optimum utilization of NTFPs as 
identified by Kumar and Venkatasubbaiah (2017) 
are “Unfavorable Government policies, lack 
of awareness and techniques about harvesting, 
storage, processing and marketing; wide gap 
between the NTFP collectors and users due to 
physical distance and unfair trade practices by 
several tiers of middlemen; uncertain demand 
and competition from alternative synthetic 
products, lack of awareness among the public 
about the advantages of using NTFPs”. Verma 
and Paul (2016) also investigated that the factors 
such as lack of storage depot, technical knowhow 
of value addition, inadequate knowledge of 
market functioning and lack of awareness of 
government policies inhibit the use of NTFP 
as a sustainable livelihood solution for tribal 
people. Further, Chandrasekharan (1997) 
posited that there are certain anomalies, such 
as deficiencies in institutional set up, lack of 
value addition and inadequate focus on market, 
that affect the proper utilization of Non-Wood 
Forest Products (NWFP). Government of India 
has launched various schemes to overcome these 
challenges and for marketing of NTFP through 
minimum support price (MSP) and development 
of value chain. The minimum support price of 
NTFP is calculated based on cost involved in 
collecting NTFP which includes labor, storage, 
transportation, insurance and other material cost 
to the owner. Further, this cost of collection is 
adjusted to macro economic variables (Sharma et 
al., 2018). 

MATERIALS AND METHODS

It is an exploratory study conducted in 
the state of Jharkhand, India where the total 
forest cover  constitutes 28.1% to the total 
geographical area.. Further, the tribal people 
comprising 26.21% of the state’s population 
primarily depends on forest for their diverse 
socio-economic and cultural needs (India State 
of Forest Report, 2019). Within the state, the 
districts such as Bokaro, Dhanbad, Gumla, 
Khunti, Simdega and West Singhbhum, mainly 
covering the southern part of Jharkhand were 
considered for the study.
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Table 1. Various NTFPs found in Jharkhand, near by area and their final use

Name of NTFP Main focus area Produces / uses 
Tamarind Chaibasa, Khunti, Lohardaga, Simdega  Seedless pulp, paste

Madhu/honey Chaibasa, Gumla, Palamu,Simdega, Food
Karanj Chaibasa, Gumla, Lohardaga, Simdega, Oil, ointment, spray 

Dori Chaibasa, Garhwa, Gumla, Khunti, Lohardaga, Palamu, 
Simdega

Medicinal

Sal seeds Chaibasa, Gumla, Khunti, Lohardaga, Simdega Oil / feed
Chironji guthli Bokaro, Garhwa, Giridih, Khunti, Palamu, Simdega Dry fruit, confectionary
Myrobalan (Harra) Chaibasa, Gumla, Latehar, Lohardaga, Ranchi, 

Simdega
Harra powder and  
Triphala churna

Chakvar Garhwa, Latehar, Palamu, Ranchi Medicine
Niger seed Chaibasa, Gumla, Hazaribhag, Latehar, Palamu, 

Simdega
Medicine

Mango pulp (Amsi) Bokaro, Gumla, Hazaribhag, Khunti, Simdega Food, pickle
Mahua flower Chaibasa, Garhwa, Gumla, Khunti, Latehar, Lohardaga, 

Palamu, Simdega (most areas of Jharkhand)
local liquor /medicine

Tawar Gond Garhwa, Palamu Food
Gijan Gond Garhwa, Palamu Medicine and food
Kalmegh (Chiraita) Latehar, Palamu Medicine
Dhawai phool Palamu Medicine
Satawari Gumla, Khunti, Palamu Medicine
Sarpagandha Giridih, Palamu, Simdega Medicine
Aswagandha Gumla, Lohardaga, Palamu Medicine
Palas/ Tesuphool Giridih, Khunti, Palamu, Simdega Medicine
Bantulsi Garhwa, Latehar, Palamu Medicine
Kusum Gumla, Simdega Oil / feed
Kaunch beej Chaibasa, Palamu Medicine
Bael giri Palamu Food / medicine
Amla Oil

Source: JHAMCOFED Website

Of the selected districts, the sample populations 
of tribal people who were residing in the proximity of 
forests and dependent on NTFP and were members of 
Self-Help Groups (SHGs) were considered on judgment 
basis. The data was also collected from the workers and 
officials of implementing agencies such as TRIFED 
(Tribal Cooperative Marketing Development Federation 

of India Limited), JHAMCOFED (Jharkhand State 
Minor Forest Produce Cooperative Development and 
Marketing Federation Limited), JSLPS (Jharkhand State 
Livelihood Promotion Society). Research was based 
on primary as well as secondary data. While primary 
data was collected through semi-structured interviews 
and focus group discussions (FGDs) of the officials 
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of the government agencies, the secondary data was 
collected through various reports of the central and state 
governments. Also, the questionnaire survey comprising 
both close ended and open-ended questions was 
conducted for collecting data from the tribal population. 
The thematic analysis of data was conducted through 
interviews, FGDs and open-ended questions. The data 
was classified based on different identified themes such 
as selling at MSP, selling of product to government 
agencies like JSPLS or JHAMCOFED, participation of 
NTFP collectors in value addition process etc. Further, 
graphical analysis of data was done using MS Excel.

RESULTS AND DISCUSSION

The data collected through questionnaire survey 
of NTFP collectors is analyzed graphically using MS 
Excel and Chi square test of independence using SPSS 
20 to determine the association between two parameters. 
Also, the thematic analysis of data was collected through 
interviews, FGDs and open-ended questionnaires. Fig. 1 
represents that more than 50% of individuals are unaware 
of MSP and around 30% of them sell their NTFP at MSP. 
The figure also illustrates that more than 80% NTFP 
collectors are members of a cooperative society and 
more than 60% of them have taken training related to 
storage, processing, and value addition

Fig. 1. Collective response from all the districts

Fig. 2-5 shows comparison among different 
districts surveyed by the researcher. Fig. 2 exhibits 
the awareness of people in different districts of 
Jharkhand about Minimum Selling Price. It is 
evident from the figure that in districts Dhanbad, 
Simdega, West Singhbum, Khunti it is quite high. 
However, in districts like Bokaro it is very low, 
i.e., just 15%.

Fig. 2. Awareness of MSP in different districts

The analysis of data on selling NTFP at MSP 
(Fig. 3) indicates that in West Singhbhum 43% and 
Khunti just 8% people sell at MSP while in other 
districts selling of NTFP was not made at MSP.

Fig. 3. Selling non-timber forest produce at minimum 
selling price

Fig. 4 illustrates the membership of 
cooperative society or SHG in different districts 
studied. It shows that membership percentage is 
high in all the districts except Simdega where 48% 
people are not members of any cooperative society.

Fig. 4. District-wise membership of Cooperative Society/
SHGs

Fig. 5 indicates that a large part of the NTFP 
collectors in Khunti, West Singhbhum, Simdega 
and Dhanbad attended training related programmes 



December 2022 163MARKETING OF NTFP IN JHARKHAND 

for storage and processing of NTFP, but in Bokaro 
0% and in Gumla 64% people did not attend any 
training.

Fig. 5. Training related to storage and processing of 
NTFP (District-wise)

Chi - square test for independence

After graphical analysis Chi Square test for 
independence was carried out to determine the 
association between two variables. The results 
obtained are summarized in Table 2.

Table 2. Summary of Results of Chi Square test for 
Independence

Training Selling at 
MSP

Membership 
of 
Cooperative 
Society

NTFP 
Form

Significant Significant Significant

Selling at 
MSP

Significant

The table exhibits that the form in which 
NTFP is sold, and the training imparted to villagers 
related to storage, processing and value addition are 
associated. Also, the form in which NTFP is sold 
and selling at MSP are related. Further, NTFP form 
and selling at MSP are also found to be associated 
with the membership of cooperative society or 
SHG of villagers. 

Qualitative analysis

The data collected through semi-structured 
interviews and group discussions with officials 
of government agencies and with villagers was 
analyzed qualitatively using coding and fetching 
the similar points derived out of discussion. While 
discussion on selling of products to the cooperative 

societies set up for collection and value addition or 
government agencies, it was found that villagers 
still prefer to sell the products in the local markets 
rather than to cooperative society or government 
agencies for many reasons. (i) they can get better 
prices in the local market because government 
agencies or cooperatives buy their produce at 
minimum selling price set by the government (ii) 
by selling in local markets they get cash payment 
instantly while for government agencies Direct 
Benefit Transfer (DBT) is applicable which delays 
their payment. Further, officials stated that MSP for 
the produce is set at central level by the team of 
experts and is applied throughout the country but 
the quality as well as the demand varies region wise 
or state wise, due to which at times, MSP yields less 
benefits to the collectors of NTFP. It was found that 
the allocation of work among the state government 
agencies is not done properly leading to lack of 
coordination among the state agencies; rather 
leads to conflict and competition among them. The 
decision to set up production unit for processing of 
NTFP is taken up by the Ministry of Agriculture, 
Animal Husbandry and Fisheries where the 
consultation of cooperative members is not taken. 
The production unit is being set by the contractor 
as per their own convenience without considering 
the distance of the unit from the villages. So, due 
to large distance of units from villages and lack of 
transportation facilities villagers sell their produce 
in local markets. (vi) Also, Gram Sabhas are not 
involved during implementation of any project 
related to NTFP which acts as a barrier to effective 
implementation and execution of the project. 

The discussion with primary collectors of 
NTFP and members of SHG found the following 
issues viz. (i) transportation is very poor in the state, 
roads are not well constructed, and rail network is 
not available in many parts of the state (ii) lack of 
proper cold storage and warehouses leads to wastage 
of non timber forest produce such as tamarind, lac 
etc (iii) exchange of non-timber forest produce for 
agricultural produce is still prevalent in few areas 
of the State which leads to loss to the growers and 
collectors of NTFP (iv)electricity problem exists 
in many areas of the State which gives birth to 
other problems such as operations of cold storage, 
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production unit etc. (v) females are active members 
in the collection of NTFP and males are less active. 
So, due to limited information regarding selling 
and distribution of non timber forest produce the 
collectors of NTFP bear losses.

CONCLUSION

The above study (both quantitative and 
qualitative analysis) identified the factors that 
affected the effective implementation of the 
government policies related to marketing and 
selling of NTFP. The quantitative analysis 
concluded that the awareness of rural people about 
MSP was very low in the study area. Also, it varied 
from district to district. Mostly rural people collect 
NTFP through the cooperative society or SHGs. It 
was found that 70% of rural population received 
training related to storage, processing, and value 
addition of NTFP. Training to NTFP collectors 
covered mostly on storage, processing, and value 
addition. The strong connectivity between NTFP 
collectors and cooperative society/ SHG was 
also confirmed. The qualitative analysis of data 
collected through semi-structured interviews and 
discussion with the officials of the government 
agencies concluded that the NTFP collectors 
received better price in selling their products in 
local market; hence, they prefer it than MSP fixed 
by the government. The local market distance was 
found out to be less. They also preferred to get cash 
in return but from cooperatives and government 
agencies payments are delayed due to Direct 
Benefit Transfer. The Government officials have 
the opinion that the MSP for different produce is 
set at central level without any consultation with 
the local officials who can provide more insights 
into the quality and demand of the produce. 
So, the prices that are decided centrally are not 
applicable at the regional level. The government 
agencies do not often take the opinion of Gram 
Sabhas. Hence, the contractors/ middlemen 
exploit the situation and establish their production 
units as per their feasibility but the distance of 
villagers/ households from unit is not considered. 
So, lack of proper transportation facilities also 
discourages villagers to sell their products to 
these units. The administrative set up didn’t have 

proper coordination. There were bottlenecks in 
the transportation, electricity supply and storage 
of NTFP in the warehouses which led to wastage 
of produce.

Limitations and scope for future research

Only six districts of Jharkhand were considered 
for the study due to lack of time and poor connectivity. 
Also, the prevailing pandemic situation of COVID-19 
affected the study. Further, the research also inherits 
the disadvantages of an interview with local people. 
Qualitative data is collected through interview and 
discussion with the officials of government agencies 
involved in setting up of marketing channel. Hence, 
there are possibilities of biased opinion or judgment 
in drawing the interpretation. Also, the data collected 
is from a smaller number of informants. Future 
studies can be undertaken involving longer time, 
covering wider area and large number of districts and 
surveying large number of people. Also, quantitative 
studies can be conducted to assess the impact of 
the government schemes for the welfare of the  
tribal people.
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ABSTRACT

Pregnancy is a crucial period that affects the health of both the mother and child. Nutritional inadequacy 
particularly vitamin A, calcium and iron restricts the optimal growth and development of fetus in 
addition to development of complications and sometimes mortality of mother and child. The survey was 
carried out in Chuabahal, Laikera, Maisana, Nangelkata, Kathapali and Dudka villages in Hemgir block 
of Sundargarh district through recording of deficiency symptoms. It was observed that the vitamin A 
deficiency was moderate in all the villages with values ranging from 19.68 to 32.80 per cent. However, 
the calcium deficiency symptoms were observed in the range of 35.24 to 72.33 percentage of pregnant 
women. The iron deficiency was more than 50% in almost all the surveyed villages with highest 
incidence in Laikera village (62.45%) and the lowest incidence in Kathapali village (45.65%). The 
incidences were related to the socio-economic conditions of the households and the decisions related to 
regarding the diet, hygiene, resting period, breast feeding and immunization were mostly done by the 
post-partum mothers. It indicates that there is high prevalence of iron and calcium deficiency among 
the pregnant women, which need to be addressed in addition to the vitamin A inadequacy and post-natal 
care and management of the mother and child.

Key words: Anemia, deficiency, hypocalcaemia, micronutrient, neonatal care, pregnancy

INTRODUCTION

 Women play a significant role in maintenance 
of family health for their involvement in day-to-day 
food and nutritional intake along with household 
hygiene. Their role in everyday affairs in family 
influence the health and hygienic status of the family 
members. When their health is affected, the whole 
family is affected in every way particularly the 
health of children. In addition to household work, 
the upbringing of children, demand of mensuration 
and associated hormonal changes make women 
vulnerable to health issues (Pathak et al,. 2004). 
Therefore, women’s health has attracted increasing 
attention in public health circles, as well as in 
clinical medicine. In India, there is prevalence of 

a wide variation in cultures, religions, and levels of 
development particularly education and economic 
status. It results in a wide variation in women’s 
health status even within families of a village or 
locality. The economics and education level plays 
a significant role in determining their nutritional 
intake and health status (Rao et al., 2010). In the 
tribal areas and rural population of Hemgir block 
in Sundargarh district of Odisha, the communities 
depend mostly upon the daily wages or migrant 
family member for their source of income. Their 
traditional beliefs and culture may also influence 
their health in addition to their economic status.

Vitamin A plays a major role in maintenance 
of epithelial integrity and vision. Calcium is a major 
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requirement for fetal development, bone formation 
and muscle function (Kumar and Kaur, 2017). 
Iron is a major requirement for hematopoiesis and 
overall homeostasis in the body. Pregnancy poses 
a critical challenge to these nutrients as they have 
to be suppled from the diet (Merialdi et al., 2005; 
Kumar and Kaur, 2017; Kocyłowski et al., 2018). 
In most parts of India pregnant women are mostly 
deficient in these nutrients which pose challenges 
for both the mother and child as reported by different 
studies (Saxena et al., 2000; Vinutha et al., 2000; 
Pathak et al., 2004; Toteja et al., 2006; Bharati et al., 
2008). Therefore, the present study was undertaken 
to study the health status of women in the Hemgir 
block of Sundargarh district of Odisha. 

MATERIALS AND METHODS 

The study was conducted in the Hemgir 
block of Sundargarh district, Odisha, India during 
the period 2008 to 2011. For the study, six villages 
(Chuabahal, Laikera, Maisana, Nangelkata, 
Kathapali and Dudka) were selected in random out 
of 153 villages of the Hemgir block, covering 437 
householdsout of the total 20,953 households in 
Hemgir. Data were collected through observations, 
individual and informal interview, group interview, 
case study and genealogy both from the health 
seekers and the health providers. The status on 
living condition of the people were assessed through 
possession of dwelling, khapar roof, mud/ brick/ 
mixed wall, mud floor, separate kitchen, separate 
cattle/ animal shed, kerosene as major lighting, 
wood as fuel, tube well as main source of water, 
toilet facility, drainage facilities, etc. 

The deficiency among the pregnant women 
was assessed through observing the deficiency 
symptoms of vitamins A,calcium and iron. The 
visible deficiency symptoms of vitamin A like 
lack of proper vision and phrynoderma on body 
surface of arm, leg, lower abdomen, rump and 
buttock region, elbow in form of hard pimple like 
projections and dry skin were recorded (Maronn 
et al., 2005). For observing calcium deficiency 
history and reports of muscle cramps, pain in thigh 
and arms when walking or moving, numbness, 
confusion and tingling in the hands, arms, feet, 
legs, lips and fingers were noted down. Iron 

deficiency was observed through the symptoms 
of extreme fatigue and weakness, pale skin 
and mucous membranes, chest pain, increased 
heartbeat, shortness of breath, headache and 
dizziness etc. The data collected in the experiment 
were processed and analyzed as per the standard 
procedure (Snedecor and Cochran, 1980).

RESULTS AND DISCUSSION

Hemgir block of Sundargarh district has 
a population of 80,247 distributed in 18,382 
households with 38,420 males and 37,274 females 
which marginally improved to 84,559 out of 
which 42,670 are males while 41,889 are females 
belonging to 20,953 families (Census, 2001, 2011). 
The sex ratio stands at 932in the block compared 
to 957of the Sundargarh district in 2001, which 
improved to 982 and 973 during the sampling 
time in the block and district, respectively.
The entire block is rural in its socio-economic 
characteristics and activities. Hemgir block has 
higher proportion of scheduled tribal population 
(46.08%), while Sundargarh district represents at 
50.19% of scheduled tribal population in 2001. The 
ST population has increased to 45.3% according to 
2011 census (Census, 2011). The literacy rate has 
been identified to be at 54.26% while it is 64.86% 
at the district level. It has improved to 73.34% for 
the district and 74.5% for Hemgir block according 
to the 2011 census data. Majority of the inhabitants 
are marginal workers. The most alarming fact is 
that it has 8649 BPL families amounting to 49% of 
its population in 2001.

The living condition of the people of Hemgir 
block has been presented in Table 1. The total 
sample household data representing Hemgir Block 
has indicated that 98.16% of people of this block 
had their own dwellings, 92.15% of houses have 
khapar roof and 78% houses are made up of brick 
mixed walls.However, around 80% of the houses 
have mud floor. Almost one third of the households 
have separate kitchen and 48.83% have separate 
cattle shed. As regards the fuel consumption, 
almost 87% depend on wood as fuel and about 76% 
use kerosene for lighting the house. This implies 
that the large mass is yet to avail the facility of 
electric power or cooking gas. Pertaining to the 
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drainage system hardly it matters to the villagers 
and as regards the toilet facilities at home 4.13% 
households have opined that even if they have 
latrine facilities they prefer to go outside village 
forest area for defecation.The challenges of socio-

economic status and availability of nutrients is also 
a factor in ensuring proper nutritional security for 
rural population and particularly for the pregnant 
women (Joodet al., 2002; Toteja et al., 2006; 
Mahanta et al., 2012; Tsegaye et al., 2020).

Table 1. Living condition of sample households in villages of Hemgir Block

Villages of Hemgir Block
Chuabahal Laikera Maisana Nangelkata Kathapali Dudka Total 

No. of 
households

97 64 92 72 54 58 437

HH owning 
dwelling (%)

96% 94% 98% 97% 100% 92% 96.16%

House with 
Khaparroof 
(%)

98% 86% 79% 98% 96% 96% 92.16%

House with 
mud/Brick 
mixed wall 
(%)

74% 78% 84% 82% 80% 73% 78.5%

Houses with 
mud floor (%)

86% 78% 96% 68% 88% 76% 82%

Houses with 
separate 
kitchen (%)

26% 32% 38% 34% 36% 28% 32.33%

Houses with 
separate cattle 
shed (%)

32% 36% 58% 45% 56% 66% 48.83%

HH using 
kerosene as 
major lighting 
(%)

66% 64% 72% 86% 78% 88% 75.66%

HH using 
wood as fuel 
(%)

88% 96% 92% 88% 80% 78% 87%

HH with tube 
well as main 
source of 
water (%)

80% 78% 99% 66% 48% 88% 63.16%

HH with toilet 
facility (%)

4.2% 8.6% 2.8% 00% 00% 12% 4.13%

HH with 
drainage 
facilities(%)

16% 18% 20.% 00% 2.8% 12.% 11.46%
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The mean calcium deficiency in pregnant 
women was found to be 52.99% in Hemgir block 
with the lowest incidence in Dudka (35.24%) and 
the highest in Nangelkata (72.33%). The calcium 
deficiency was varied from village to village, 
indicating the role of socio-economic status and diet 
in determining the calcium deficiency. As reported 
by various workers vitamin D, the primary vitamin 
responsible for calcium homeostasis is deficient 
in varying degrees among the pregnant women 
(Sachan et al., 2005; Sharma et al., 2016). It may be 
upto 93.5% or more (Sharma et al., 2016).

As regards to iron deficiency in the pregnant 
women of Hemgir block, the average incidence was 
55.02% with highest incidence in Laikera village 
(62.45%) and the lowest incidence in Kathapali 
village (45.65%). However, the incidences of iron 
deficiency were close to 50% as determined by the 
symptoms of iron deficiency observed externally. 
In real scenario, the situation might be worse than 
the reported values. Anemia has been a common 
observation among the pregnant women with signs 
of headache and difficulty in breathing (Bharati 

et al., 2008). They have lot of taboos during 
pregnancy and after delivery for a few days as a 
result the required nutrition is lacking. The swollen 
leg, weakness and whitish sclera in the eyes are as 
common as anything for the lactating mother. The 
malaria fever is also very common in the surveyed 
area. A few even suffer from sickle cell anemia. 
Among the Agaria caste this has become alarming 
in some families. A common belief in the area that 
consuming brinjal leads to bigger head size of the 
fetus inside womb that creates problem at the time 
of delivery. Pathak et al. (2004) reported 73.6 % iron 
deficiency in pregnant women in Haryana. Milman 
et al. (2017) also reported nutritional challenges of 
pregnant women in developed countries of Europe. 

In all communities, the child bearing mothers 
are treated with a deference and the community as 
well as the family and kin member take care of 
them. The expectant mother is treated as special 
persons because almost all believe that ancestral 
soul has taken shelter and initiate the life of the 
fetus. Each community has its typical worldview 
and has different belief pattern. However, by and 

It was observed that the post-natal advices to 
the women with regards to diet, hygiene, rest period, 
breast feeding and immunization were provided by 
traditional birth attendant, village worker and post-
partum mothers. This seems even after recovery the 
traditional healer becomes a media for reintegration 
into the normal life into the community. On observation 
the expectant mothers have shown deficiency of iron, 
calcium and vitamin-A (Jayasekera et al., 1991; Haas 
et al., 2005; Sahoo and Panda, 2006; Bharati et al., 
2008; Dong and Yin, 2018). 

The status on nutrient deficiency of 
pregnant woman has been provided in Table 2. 
On an average, the vitamin A deficiency was 
observed in 24.71% of women in Hemgir block 
with the lowest incidence in Kathapali (19.68%) 
and the highest in Nangelkata (32.80%). 
As observed in the present study, vitamin A 
deficiency is relatively lesser common in pregnant 
women, but its incidence varies from area to area 
(Jood et al., 2022)

Table 2. Status of iron, calcium and vitamin A deficiency among the pregnant women of Hemgir Block

Name of village No of house 
holds 

Deficiency of 
vitamin –A (%)

Calcium 
deficiency (%)

Iron deficiency 
(%)

1 Chuabahal 97 28.54 62.28 58.80
2  Laikera 64 21.33 54.98 62.45
3 Maisana 92 24.67 53.56 56.65
4 Nangelkata 72 32.80 72.33 52.33
5 Kathapali 54 19.68 39.56 45.65
6 Dudka 58 21.25 35.24 54.25
Total   437 24.71 52.99 55.02
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large the commonality of belief and dietary pattern 
are marked across the community living close to 
each other. On behalf of the village mothers the 
village ritual head communicate the supernatural 
entity to derive blessings. Similar to our finding, 
Mahanta et al. (2012) also observed the role of socio-
economic parameters in influencing the deficiency 
of micronutrients particularly iron, copper and zinc 
among pregnant women of Kamrup district of Assam.

Post-natal care is the most important period 
in the life of a person as it influences the child as it 
grows into a person. As observed during the study, 
most of the advice regarding the diet, hygiene, 
resting period, breast feeding and immunization 
were mostly done by the post-partum mothers 
than the health service workers and other related 
persons (Table 3).

Table 3. Post-natal care advised by different personsin Hemgir block of Sundargarh

Advice given Traditional birth attendant Village health workers / 
doctor 

Post-partum mothers 

Diet 21 21 67
Hygiene 2 3 -
Resting period 11 10 43
Breast feeding 9 5 32
Immunization 11 16 21

CONCLUSION

The study indicates that serious problems of 
nutrient deficiency particularly vitamin A, iron and 
calcium co-exists among the pregnant women and 
need to be taken care of. Additionally, awareness 
should be conducted about the adequate intake 
of dietary nutrients and dispel the myths and 
superstitious beliefs.
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