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ABSTRACT

Mulberry silk production in Eastern India is dominated by crossbreeds utilizing tropical Indian multivoltine races of 
Bombyx mori, particularly Nistari race due to prevailing adverse climatic conditions. This study aimed to develop 
multivoltine breeds with improved productivity following congenic breeding approach and identify improved 
crossbreed. MH1 was selected as donor and MCon1, MCon4 and M6DPC as receptor breeds based on multiple 
trait evaluation index (MTEI) ranking and the grading of silk content. Three congenic multivoltine silkworm breeds 
viz., 12Y, 21Y and 8W were developed by direct crossing (F1 hybrid), backcrossing (BC1F1-BC5F1) with receptor 
followed by sib-mating up to BC5F8 by applying directional selection targeting higher silk content and neatness. Six 
improved crossbreeds were evaluated for rearing performance utilizing BC5F8 females. 12Y × BCon1.BCon4, 21Y 
× BCon1.BCon4 and 8W × SK6.SK7 were further evaluated in Assam, Jharkhand, Odisha and West Bengal against 
Nistari × SK6.SK7 under multi-location trials. 12Y × BCon1.BCon4 performed better than the popular hybrid for 
yield consistency and economic traits. The low shell content (15-17 %) in 12Y x BCon1 × BCon4 prompted for 
further evaluation with new bivoltine breeds. 12Y × BFC1 exhibited 18-20 % of shell and higher cocoon yield (56-
62 kg/100 DFLs) and hence, serve as an effective alternative for Nistari based crossbreeds.

Key words: Bombyx mori, congenic breeding, crossbreed, directional selection, shell content.

INTRODUCTION

The mulberry silkworm, Bombyx mori L. is an intensively 
domesticated insect for its economic importance in view 
of silk production. Bivoltine silkworms (two generations/
year) originally from temperate regions do not withstand 
harsh climatic conditions, while multivoltine races 
from tropical regions (>2 generations/year) can adapt to 
variations in climatic conditions. Conversely, bivoltines 
produce cocoons with superior quality silk, while the 
multivoltines produce inferior quality silk (Datta, 1984). 
India being a tropical country, 90 % of the silk produced 

is from multivoltine x bivoltine hybrids (Crossbreeds), 
which are of inferior quality (CSB, 2020). Therefore, it is 
highly pertinent to develop and identify more productive 
multivoltine silkworm hybrids capable of producing 
superior quality silk to meet the domestic demand.

Multivoltine silkworms are well adapted to the tropical 
climatic conditions of India and play a major role in the 
production of silk in India (Datta, 1984). Multivoltine 
breeds like Leimarin of Manipur, Sarupat, Chotapolu 
and Borapolu of Assam, Nistari of West Bengal and 
Pure Mysore of Karnataka are the indigenous races
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that dominate Indian sericulture. Among them, Nistari 
and Pure Mysore are the major races that are well adapted 
to the fluctuating climatic conditions of India. Nistari is 
exploited largely for commercial raw silk production in 
Eastern India by rearing crossbreeds. Nistari race is the 
backbone of mulberry sericulture in West Bengal and the 
traditional rearing practiced for hundreds of generations 
has made it well adapted to the local environmental 
conditions (Nirmal Kumar, 2015). Nistari is bestowed 
with tolerance to abiotic and biotic stresses despite lower 
productive traits and inferior silk quality (Li et al., 2012). 
It is of concern that the concerted efforts of silkworm 
breeders for more than 50 years to replace the indigenous 
Nistari race with better breeds could not get established 
in the field (Mukhopadhyay et al., 2013; Chandrakanth 
et al., 2021). 

Previously, attempts to develop new multivoltine 
silkworm breeds by crossing multivoltines with exotic 
bivoltine breeds did not yield satisfactory results due 
to poor survivability, occasional egg hibernation and 
gradual deterioration of heterosis under fluctuating 
climatic conditions. Hence, new breeding approaches 
were explored. Congenic breeding approach involves 
introgression of genes/traits from the donor to the receptor 
in homozygous condition by backcrossing followed by 
sib-mating. The main consideration for congenic breeding 
is to minimize the heterogeneity and to develop syngenic 
lines for developing improved hybrids with higher 
heterosis (Verma et al., 2016). According to Mukherjee 
(1994), heterosis has two general modes of expression 
viz., increase in size, probably due to faster rate of cell 
activity and cell division, and increase in ‘biological 
efficiency’ such as reproductive rate and survivability. 
Congenic approach was utilized to demonstrate 
allozymic variations in silkworm by electrophoresis 
for esterase isozyme pattern (Chattopadhyay et al., 
2001 a, b, c). A few silkworm breeds were developed 
through congenic approach, but could not increase the 
productivity significantly. Congenic lines developed 
have to be employed to develop viable hybrids to suit 
agro-climatic conditions prevailing in Eastern India for 
commercial exploitation.

MATERIALS AND METHODS

Silkworm breeds and parent selection

Thirty one promising multivoltine silkworm breeds 
with high shell content were collected from different 
sericultural research institutes across India. These 
multivoltine breeds were reared and evaluated based 
on shell content at Central Sericultural Research and 
Training Institute (CSRTI), Berhampore. Silkworm 
rearing was conducted following the standard methods 
under recommended temperature and humidity conditions 
(Krishnaswami et al., 1973). Data on rearing traits, such 
as fecundity, cocoon weight, shell weight, cocoon yield/ 
10000 larvae by no. and weight and shell percentage 
were recorded. The rearings were conducted in triplicates 
of 300 larvae/replication. Rearing traits were subjected to 
multiple trait evaluation index (Mano et al., 1993). Based 
on the evaluation index on rearing traits, the donor and 
receptor multivoltine breeds were selected to accomplish 
parental stock selection. Donor selection was based on 
higher shell weight and shell percentage.

Breeding method

Congenic breeding method was employed to evolve 
new multivoltine breeds with high shell content. To 
start with, female receptor parent was crossed with 
the male donor parent. The resultant hybrid (F1) was 
backcrossed with the receptor parent successively for five 
generations to attain BC5F1 generation. Backcrossing 
was aimed to bring the receptor genome in homozygous 
condition in the successive generations. In the BC5F1 
generation (Filial generation), sib-mating  was done 
to attain BC5F2 generation; the breeding process was 
continued till BC5F8 generation, wherein uniformity 
in morphological traits viz., egg colour, larval mark, 
cocoon colour and cocoon shape was achieved and 
the desired traits were fixed. Directional selection was 
applied in each generation by selecting the cocoons with 
high shell content through single cocoon assessment. 
The rearing traits viz., fecundity, cocoon yield/10000 
larvae by no. and weight, cocoon weight, shell weight, 
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Hybridization (Three-way cross) 

To produce multivoltine × bivoltine F1s, the two well-
known popular dumbbell silkworm foundation crosses 
in Eastern India viz., SK6 × SK7 and BCon1 × BCon4 
were identified as male components. New congenic 
multivoltine breeds with high shell content were crossed 
with the males of SK6 × SK7 and BCon1 × BCon4.  The 
rearing and reeling performances of F1s was recorded in 
different seasons (3 replications with 300 larvae each/
hybrid). Most popular multi x bivoltine hybrid, Nistari 
x SK6.SK7 was maintained as control hybrid. The data 
collected were subjected to multiple trait evaluation index 
(Mano et al., 1993) for ranking of improved crossbreeds 
based on overall performance.

Evaluation of crossbreeds

Based on ranking and shell content, three crossbreeds 
were selected for further evaluation in the laboratory 

in all the seasons during 2016-17. The data on rearing 
traits viz., fecundity, cocoon weight, shell weight, shell 
percentage, cocoon yield/ 10000 larvae by no. and 
weight, pupation rate, cocoon yield/100 DFLs along with 
reeling parameters and neatness were documented. The 
improved crossbreeds were subsequently tested with the 
selected farmers for two years (2017-2019) covering 
all the commercial crops in Assam (Jorhat), Jharkhand 
(Bhandra), Odisha (Koraput) and West Bengal. The 
data on rearing traits,  such as cocoon yield/100 DFLs, 
cocoon weight, shell weight and shell percentage along 
with reeling parameters (filament length, reelability, 
renditta, silk recovery and neatness) were recorded for 
assessing the field performance. Improvement over the 
control hybrid (Nistari × SK6.SK7) and the economic 
significance under field conditions i.e., yield realization 
potential (%) over the laboratory performance was also 
documented and analyzed. Significant differences in the 
rearing traits were detected at a critical difference of 5 %.  

Identification of bivoltine male component

In order to improve the shell content, four bivoltine 
breeds (4S, BMFD1, CSR16 and CSR51) with high 
shell content were collected from CSRTI-Mysuru. These 
breeds were hybridized with females of popular bivoltine 
silkworms (SK6, SK7, BCon1 and BCon4). Following 
an elaborate and systematic inbreeding programme 
involving line isolation, outcrossing and stabilization, 
a bivoltine foundation cross i.e., BFC1 (BCon1 × 4S) 
was evolved. BFC1 was crossed with 12Y to develop 
improved crossbreed and the overall rearing and reeling 
performance was evaluated under laboratory conditions 
in five seasons (3 replications with 300 larvae each). The 
12Y crossbreed, 12Y × BCon1.BCon4 developed by 
crossing with popular bivoltine foundation cross, BCon1.
BCon4 was maintained as control.

RESULTS

Morphological variations

Thirty one multivoltine silkworm breeds from different

shell percentage and neatness were documented in each 
generation. The schematic representation of the congenic 
breeding method is presented in Figure 1. The congenic 
multivoltine breeds thus developed were evaluated under 
laboratory conditions.

Figure 1: Schematic representation of breeding plan for 
development of multivoltine congenic breeds
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sericultural research organizations of India were 
considered for this study.  Among them, 15 silkworm 
breeds viz., A25, G, Leimarel, M2, M15, MU1, MH1, 
MCon1, MCon4, M6M81, M6DPE, M6DPC, O, 
PM and P2D1 have recorded high survival (>85 %). 
These silkworm breeds were further evaluated for 
rearing performance and variations in morphological 
characteristics, such as larval marking patterns, cocoon 
shape and cocoon colour were documented (Table 1). All 
the silkworm larvae were plain in appearance, except for 
MH1, MCon4, O and G. Four types of cocoon shapes 
viz., spindle, spatulate, oval and elongated oval were 
recorded. The colour of the cocoons spun by M6DPE, 
MCon4, M6M81, M6DPC, O, Leimarel, A25, M2 and 
G was yellow; greenish yellow by PM, MU1 and P2D1, 
white by MCon1 and M15; and off-white by MH1.

Rearing performance

Six important rearing traits viz., fecundity (no.), cocoon 
weight (g), shell weight (g), cocoon yield/ 10000 larvae 
by no. and weight (kg) and shell percentage were 
analyzed in fifteen multivoltine silkworm breeds. The 

highest and lowest fecundity were recorded in MCon4 
(529) and Leimarel (274), respectively. The highest 
cocoon yield per 10,000 larvae by number was recorded 
in MU1 (9411) and the lowest in G (7300). Maximum 
cocoon yield per 10,000 larvae by weight (14.38 kg) and 
cocoon weight (1.596 g) was recorded in M6DPE; while 
the minimum cocoon yield (8.37 kg) and cocoon weight 
(1.026 g) was observed in G and P2D1, respectively. 
MH1 performed the best in terms of shell weight and 
shell percentage (0.253 g and 16.14 %, respectively) and 
MU1, the least (0.106 g and 9.63 %, respectively).

Multiple trait evaluation index performed on the rearing 
parameters of multivoltine silkworm breeds clearly 
showed that M6DPE topped the rank list with 62.73 
followed by MH1 (62.20), MCon4 (61.38) and MCon1 
(54.90) with evaluation indices of >50 (Table 1). MH1 
with the highest shell weight and shell percentage 
was selected as donor parent, whereas the other high 
performers viz., MCon1, MCon4 and M6DPE were 
selected as receptor parents for initiating the breeding 
program to develop productive congenic breeds.

Table 1: Evaluation of multivoltine silkworm breeds

Breed Larval
marking

Cocoon
shape Cocoon colour Fecundity

(No.)

Cocoon yield/
10,000 larvae 

by no.

Cocoon yield
/10,000 larvae 

by wt. (kg)

Cocoon
weight

(g)

Shell
weight

(g)

Shell
%

Cumulative 
multiple trait 

evaluation Index
Rank

M6DPE Plain Spatulate Yellow 461 8789 14.38 1.596 0.233 14.62 62.73 1

MH1 Marked Spindle Off-white 496 8111 12.82 1.566 0.253 16.14 62.20 2

MCon4 Marked Spindle Yellow 529 8700 10.60 1.489 0.239 16.07 61.38 3

MCon1 Plain Spindle White 517 8678 10.71 1.245 0.185 14.83 54.90 4

M6M81 Plain Oval Yellow 420 8817 10.68 1.271 0.154 12.10 49.19 5

M15 Plain Spatulate White 419 8963 9.71 1.158 0.145 12.50 48.52 6

M6DPC Plain Spatulate Yellow 411 8989 9.93 1.152 0.146 12.71 48.44 7

O Marked Oval Yellow 468 9056 9.81 1.164 0.133 11.44 48.13 8

Leimarel Plain Spindle Yellow 274 7865 12.44 1.572 0.176 11.19 47.52 9

A25 Plain Elongated oval Yellow 477 7989 9.20 1.170 0.142 12.10 46.07 10

PM Plain Spindle Greenish yellow 400 8517 9.78 1.041 0.133 12.78 45.13 11

M2 Plain Oval Yellow 336 8221 9.55 1.240 0.154 12.45 45.04 12

MU1 Plain Elongated oval Greenish yellow 404 9411 9.82 1.103 0.106 9.63 44.83 13

P2D1 Plain Elongated oval Greenish yellow 404 9108 9.07 1.026 0.111 10.78 43.19 14

G Marked Oval Yellow 451 7300 8.37 1.186 0.147 12.39 42.72 15

Mean 431 8568 10.46 1.265 0.164 12.78

Minimum 274 7300 8.37 1.026 0.106 9.63

Maximum 529 9411 14.38 1.596 0.253 16.14

Standard deviation 64.69 546.70 1.55 0.19 0.04 1.81
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Breeding of congenic breed

The breeding program was initiated by crossing female 
receptor parents (MCon1, MCon4 and M6DPE) with 
the male donor parent (MH1). The resulting hybrids, 
MCon1 × MH1, MCon4 × MH1 and M6DPE × MH1 
were backcrossed with their respective receptor parents 
for five generations to attain BC5. The breeding program 
was continued till the breeding lines attained desired 
targeted traits i.e., shell content (>16 %). The evolved 
breeding lines recorded better shell percentage in all 
the generations over the donor parent. The breeding 
programme was continued till BC5F8 (Congenic 
breed) which exhibited >17 % cocoon shell. MCon1 × 
MH1 achieved the highest shell percentage in all the 
generations followed by MCon4 × MH1 and M6DPE × 
MH1 (Tables 2-5). For convenience, easy handling and 

to avoid ambiguity, the breeding lines MCon1 × MH1, 
MCon4 × MH1 and M6DPE × MH1 were denoted as 8W, 
12Y and 21Y, respectively.

The rearing and reeling performances of the congenic 
multivoltine silkworm breeds were evaluated under 
laboratory conditions. 12Y recorded the highest with 
regard to fecundity (533), cocoon yield/10000 larvae 
by no. (9300) and weight (14.43 kg), cocoon weight 
(1.538 g), shell weight (0.268 g), shell percentage 
(17.42), filament length (640 m), neatness (88 p) and 
better denier (2.41 d). Highest reelability (79.33 %) and 
raw silk (11.14 %) was observed in 8W as compared to 
the other congenic breeds. Data subjected to one sample 
‘t’ test resulted in the significant differences among the 
rearing and reeling traits of congenic silkworm breeds 
(P < 0.001; Table 5).

Table 2: Rearing performance of F1 hybrids

F1 hybrid Fecundity 
(No.)

Cocoon yield /10,000
larvae by no.

Cocoon yield/  10,000 
larvae by  wt. (kg)

Cocoon 
weight (g)

Shell 
weight (g)

Shell
 %

MH1 (Donor) 496 8132 11.33 1.478 0.244 16.51

M.Con.1 x MH1 401 9667 15.67 1.651 0.282 17.05

M.Con.4 x  MH1 563 8700 12.50 1.442 0.228 15.81

M6DPE x MH1 421 8746 12.52 1.502 0.225 14.98

Mean 470 8811 13.01 1.518 0.245 16.09

Minimum 401 8132 11.33 1.442 0.225 14.98

Maximum 563 9667 15.67 1.651 0.282 17.05

Standard deviation 64.20 550 1.61 0.08 0.02 0.78

Table 3: Performance of congenic batches wrt targeted traits in BC1F1 – BC5F1 generations

Breed / Line
BC1F1 BC2F1 BC3F1 BC4F1 BC5F1

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

MH1 (Donor) 16.52 78 15.64 84 15.57 80 15.30 78 15.83 82

M.Con.1 x MH1 17.17 80 16.08 88 16.50 84 17.46 82 17.74 84

M.Con.4 x MH1 17.14 75 15.28 88 16.19 84 17.52 82 17.06 83

M6DPE x MH1 17.36 75 14.42 89 16.25 86 17.16 84 17.50 82

Mean 17.05 77 15.36 87 16.13 84 16.86 82 17.03 83

Minimum 16.52 75 14.42 84 15.57 80 15.30 78 15.83 82

Maximum 17.36 80 16.08 89 16.50 86 17.52 84 17.74 84

Standard deviation 0.32 2.12 0.61 1.92 0.34 2.18 0.91 2.18 0.74 0.83
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Table 4: Performance of congenic batches wrt targeted traits in BC5F2 – BC5F7 generations

Breed / Line
BC5F2 BC5F3 BC5F4 BC5F5 BC5F6 BC5F7

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

Shell
 %

Neatness
(p)

MH1 (Donor) 15.47 85 15.00 83 14.98 80 15.78 84 14.20 88 15.60 85

M.Con.1 x MH1 17.32 89 17.34 83 17.33 81 17.27 84 17.67 88 17.31 88

M.Con.4 x MH1 17.30 88 17.78 83 16.81 82 16.73 83 17.65 88 17.31 88

M6DPE x MH1 15.69 86 16.83 84 16.01 80 15.79 83 15.64 90 16.07 90

Mean 16.45 87 16.74 83 16.28 81 16.39 84 16.29 89 16.57 88

Minimum 15.47 85 15.00 83 14.98 80 15.78 83 14.2 88 15.6 85

Maximum 17.32 89 17.78 84 17.33 82 17.27 84 17.67 90 17.31 90

Standard deviation 0.87 1.58 1.06 0.43 0.89 0.83 0.64 0.50 1.46 0.87 0.76 1.79

Table 5: Rearing performance of developed congenic multivoltine silkworm breeds

Breed Denoted 
as

Fecundity
(No.)

Cocoon 
yield 

/10,000
larvae
by no.

Cocoon
yield/

10,000 larvae
by weight

(kg)

Cocoon
weight 

(g)

Shell 
weight

(g)

Shell 
%

Filament
length (m)

Denier 
(d)

Reel-
ability

(%)

Raw
silk
(%)

Neat-
ness
(p)

MH1 (Donor) 475 9133 12.69 1.506 0.235 15.60 524 2.54 68.56 7.94 83

M.Con.1 x  MH1 8W 511 8700 11.57 1.308 0.226 17.28 588 2.51 79.33 11.14 86

M.Con.4 x MH1 12Y 533 9300 14.43 1.538 0.268 17.42 640 2.41 74.48 10.11 88

M6DPE x MH1 21Y 508 7333 8.47 1.205 0.190 15.76 615 2.63 67.98 9.73 86

t stat 65.64** 14.51* 6.68NS 13.72* 10.12* 31.64** 40.92** 39.57** 22.48* 24.52* 130**

Values represent the mean of three seasons
* P < 0.001; ** P < 0.0001; NS - Non-significant

Improved Crossbreeds

The developed congenic multivoltine breeds (8W, 12Y 
and 21Y) were crossed with two well-known popular 
foundation crosses of Eastern India viz., SK6 × SK7 
and BCon1 × BCon4. Six crossbreed combinations 
were tested under the laboratory conditions. Notable 
increment in the rearing and reeling traits was observed 
in the crossbreeds as compared to the congenic breeds 
themselves, which can be attributed to the bivoltine 
component used in crossbreed development. In order to 

shortlist the promising crossbreeds for field evaluation, 
multiple trait evaluation index (Mano et al., 1993) was 
applied for rearing and reeling data (Table 6). Denier 
and renditta were exempted from the analysis as they are 
inversely related traits for reeling charcateristics of the 
cocoon. The results indicated that 12Y × BCon1.BCon4  
ranked first with cumulative evaluation index of 51.53 
followed by 21Y × BCon1.BCon4 and 8W × SK6.SK7. 
Based on evaluation index and higher shell content, 12Y 
× BCon1.BCon4, 21Y × BCon1.BCon4 and 8W × SK6.
SK7 were selected for field evaluation.
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Table 6: Multiple trait evaluation of improved crossbreeds of developed congenic breeds

FL: Filament length; Cum MTEI: Cumulative multiple trait evaluation index.

Crossbreed
Fecun-

dity
(no.)

Cocoon
yield

/10,000
larvae
by no.

Cocoon
yield

/10,000
larvae by

weight (kg)

Cocoon
weight

(g)

Shell 
weight 

(g)

Shell
%

FL
(m)

Denier 
(d)

Reel- 
ability 

(%)

Raw
silk
(%)

Ren-
ditta
(kg)

Recovery 
%

Neat-
ness

Cum
MTEI Rank

12Y × BCon1.BCon4 501 8356 15.41 1.781 0.346 19.43 702 2.30 71.80 9.10 10.98 76.47 85 51.53 1

21Y × BCon1.BCon4 526 9378 16.04 1.751 0.337 19.23 582 2.53 67.53 9.06 11.30 75.00 80 50.80 2

21Y × SK6.SK7 506 9244 15.78 1.720 0.336 19.55 651 2.41 73.51 10.00 10.27 77.14 80 50.41 3

8W × BCon1.BCon4 495 9355 15.79 1.605 0.327 20.38 647 2.62 73.61 9.33 10.71 77.41 75 50.21 4

12Y × SK6.SK7 472 9233 14.98 1.792 0.350 19.51 621 2.23 68.75 11.00 9.09 78.57 84 48.78 5

8W × SK6.SK7 510 8189 14.41 1.769 0.349 19.73 576 2.49 44.38 9.56 10.46 76.92 80 48.27 6

Multi-location trials of improved crossbreeds

The improved promising crossbreeds, 12Y × BCon1.
BCon4, 21Y × BCon1.BCon4 and 8W × SK6.SK7 along 
with the popular crossbreed (Nistari × SK6.SK7) were 
evaluated in the field conditions with the farmers in 
Eastern India. A total of 23400 DFLs consisting of test 
crossbreeds and 7800 DFLs of control were tested with 

Laboratory performance of improved crossbreeds

The selected crossbreeds were reared under the laboratory 
conditions for a year (2016-17) in all the seasons. Except 
for pupation, the test crossbreeds i.e., 12Y × BCon1.
BCon4, 21Y × BCon1.BCon4 and 8W × SK6.SK7 
performed better than the control, Nistari × SK6.SK7 in 
all the rearing and reeling traits. The highest fecundity 

(510), cocoon weight (1.769 g) and shell weight 
(0.349 g) were recorded in 8W × SK6.SK7. Cocoon 
yield/10000 larvae by number (9355) and weight 
(15.79 kg), cocoon yield/100 DFLs (63.16 kg) and shell 
percentage (20.38) were the highest in 21Y × BCon1.
BCon4; while, the highest neatness (80 p) was observed 
in 8W × SK6.SK7 and 12Y × BCon1.BCon4 (Table 7).

Table 7: Laboratory performance of improved crossbreeds of developed congenic breeds

Crossbreed
Fecundity

(No.)
Cocoon
weight

 (g)

Shell
weight 

(g)

Shell
%

Pupation 
rate
(%)

Cocoon yield
/10,000  arvae

by no.

Cocoon yield
/10,000 larvae

by wt. (kg)

Yield/
100 DFLs

(kg)

Neat-
ness (p)

8W × SK6.SK7 510 1.769 0.349 19.73 92 8189 14.41 57.64 80

12Y × BCon1.BCon4 506 1.720 0.336 19.55 94 9244 15.78 63.12 80

21Y × BCon1.BCon4 495 1.605 0.327 20.38 95 9355 15.79 63.16 75

Nistari × SK6.SK7 (Control) 382 1.366 0.209 15.30 96 9324 12.29 49.16 72

156 farmers covering West Bengal (11 crops), Odisha (7 
crops), Assam (5 crop) and Jharkhand (7 crops). Data 
on overall performance of test crossbreeds from multi-
location trials were documented and analyzed (Table 8).

The results reveal that 12Y × BCon1.BCon4 performed 
better with an improvement of 19.46 % cocoon yield 
over control, while 8W × SK6.SK7 exhibited better shell 
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content in West Bengal. In Jharkhand, 12Y × BCon1.
BCon4 performed better with 10.50 % yield improvement 
over control and 21Y × BCon1.BCon4 performed better in 
cocoon weight, shell weight and shell content (Figure 2). 
12Y × BCon1.BCon4 performed better in Odisha based 
on overall performance, cocoon yield and shell content. 
Whereas in Assam, 12Y × BCon1.BCon4 performed 
better for cocoon yield and shell content; 8W × SK6.SK7 
with regard to cocoon and shell weights; Nistari × SK6.
SK7 recorded higher realization potential as compared to 
test crossbreeds. 

On the basis of overall performance, 12Y × BCon1.
BCon4 fared better with regard to cocoon yield (55.33 
kg/100 DFLs), shell weight (0.26 g), filament length 
(687 m), renditta (9.39), silk recovery (75 %) with the 
highest yield realization potential among the test hybrids 
(Table 8). The improvement over control with respect 
to cocoon yield/100 DFLs, shell weight, shell content, 
filament length and renditta were 17.15, 18.18, 8.44, 
11.70 and 12.95 %, respectively. Based on overall rearing 
and reeling performance including yield realization 

potential, 12Y × BCon1.BCon4 was identified as the 
most promising crossbreed suitable for rearing in Eastern 
India based on the field evaluation across different 
seasons (23400 DFLs/2years). The identified crossbreed 
viz., 12Y × BCon1.BCon4 yielded cocoons with similar 
shell content (~16 %) as that of Nistari x SK6.SK7 
(~15 %). In general, shell content in a hybrid could be 
improved by utilizing better male components.

Figure 2: Cocoon yield improvement exhibited by 12Y x BCon1.
BCon4

Table 8: Performance of newly developed improved crossbreeds during multi-location trials

Hybrid State Yield/
100 DFLs (kg)

Cocoon
weight (g)

Shell 
weight (g)

Shell
(%)

Filament 
length (m)

Reela-
bility (%)

Neat-
ness (p)

Renditta
(kg)

Silk
recovery (%)

Realization 
potential (%)

8W × SK6.SK7

WB 45.73 1.51 0.26 17.20 705 74 83 09.64 76 79.11

JHK 47.28 1.40 0.25 17.60 711 75 79 09.75 77 81.79

ODS 55.09 1.56 0.26 16.80 618 69 85 10.28 77 95.30

ASM 46.63 1.40 0.24 17.14 667 73 81 09.98 65 80.67

Mean 48.52 1.47 0.25 17.20 675 73 82 09.91 74 83.94

12Y ×
BCon1.BCon4 

WB 54.32 1.51 0.26 16.85 684 77 80 09.21 74 85.82

JHK 54.97 1.50 0.25 16.23 667 74 80 09.90 77 86.85

ODS 57.13 1.55 0.25 16.13 699 71 82 09.27 82 90.26

ASM 54.90 1.52 0.24 17.62 668 72 80 09.20 66 86.74

Mean 55.33 1.52 0.26 16.70 687 74 79 09.39 75 87.42

21Y ×
BCon1.BCon4 

WB 53.46 1.48 0.26 17.10 673 81 80 08.80 75 84.47

JHK 55.56 1.50 0.24 15.98 690 76 79 09.50 73 87.78

ODS 52.76 1.67 0.26 15.80 653 72 83 10.41 82 83.36

ASM 51.95 1.53 0.25 17.00 620 73 78 09.00 65 82.08

Mean 53.19 1.54 0.25 16.50 659 76 80 09.43 74 84.04

N × SK6.SK7
 (Control)

WB 46.27 1.41 0.22 15.70 638 72 78 10.68 76 93.84

JHK 50.16 1.43 0.21 14.27 641* 71 75 10.86 79 101.82

ODS 51.47 1.56 0.23 15.23 604 70 78 10.98 75 104.48

ASM 41.51 1.34 0.22 16.41 576 72 78 10.06 62 84.26

Mean 47.23 1.43 0.22 15.40 615 71 77 10.64 73 95.88

CD @ 5 % 6.01* 0.115* 0.08** 1.20* 54.06 NS 3.22** 0.886* NS

WB: West Bengal; JHK: Jharkhand; ODS: Odisha; ASM: Assam 
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New bivoltine male component

The aim of this experiment was to identify the 
12Y-crossbreed combination especially for high shell 
content (>16 %). In order to explore the possibilty of 
further improvement of shell content in 12Y-crossbreed, 
BFC1, a newly developed bivoltine foundation cross 
with high shell content (18.08 %) and survival (91.66 %)  
was utilized. The results revealed higher shell content 
(18-19 %) in the 12Y-crossbreed as compared to 12Y × 
BCon1.BCon4 (16.70 %). It also performed superior in 

terms of  cocoon yield (56-64 kg) and even recorded a 
cocoon wt. of 1.720 g and 0.336 g of shell wt. during the 
favourable seasons. Data on performance of 12Y × BFC1 
and 12Y × BCon1.BCon4 was recorded for 2 favourable 
and 4 unfavourable seasons. The mean data depict the 
prominence of 12Y × BFC1 (Table 9) in terms of shell 
content (8.41 %) and cocoon yield/100 DFLS (7.27 %) 
and neatness (3.75 %) over that of 12Y × BCon1.BCon4. 
Currently, 12Y × BFC1 is being subjected for large 
scale field evaluation under Indian Silkworm Hybrid 
Authorization trials (2020-2022).

DISCUSSION

West Bengal is the major raw silk producer among the 
Eastern Indian states. Owing to the availability of mulberry 
leaves, high rainfall and fertile soils, West Bengal 
practices five crops schedule in an year. The crop seasons 
in West Bengal are categorized as favourable (November 
to March) and unfavourable (May to September) 

based on climatic conditions. In general, despite lower 
productivity and inferior silk quality of Nistari (indigenous 
multivoltine breed) and its crossbreeds, farmers rear 
them unwillingly for obtaining sustainable cocoon yields 
under adverse conditions. Multiple breeding attempts to 
identify suitable alternatives to Nistari crossbreeds with 
high productivity resulted in unsatisfactory outcome 
in the field. As a result, many multivoltine breeds and 
crossbreeds have been developed in India. The first 
hybrid for productivity improvement was the result of 
introduction of NB4D2 as male component and Nistari 

Table 9: Performance of 12Y x BFC1 vs 12Y x BCon1.BCon4

Crossbreed Hatching
(%)

Pupation 
rate (%)

Yield / 10000
larvae by

weight (kg)

Yield / 100
DFLs (kg)

Cocoon 
weight 

(g)

Shell weight 
(g) Shell (%) Neatness

(%)

12Y x BFC1 95 91.24 14.93 59 1.573 0.298 18.94 83

12Y x BCon1.BCon4 93 90.33 13.84 55 1.522 0.266 17.47 80

Improvement (%) 2.15 1.01 7.88 7.27 3.35 12.03 8.41 3.75

Values represent the data of 2 favourable & 2 unfavourable seasons’ crops

x NB4D2 became instantly popular due to higher hybrid 
vigour and virtually ruled the industry for over 3 decades. 
However, this hybrid combination was highly susceptible 
to diseases and its utilization was confined only to the 
elite farmers (Narayanan et al., 1967; Chandrasekharaiah 
and Jolly, 1986; Dandin et al., 2004). Later, it was 
replaced by Nistari x SK6.SK7 and is presently being 
commercially exploited with sustainable cocoon yields, 
but with similar disadvantages (Nirmal Kumar, 2015). 
The subsequently developed  Nistari x BCon1.BCon4 
was also not preferred by the farmers over Nistari x SK6.
SK7. 

In this study, three promising crossbreeds viz., 12Y 
× BCon1.BCon4, 21Y × BCon1.BCon4 and 8W 
× SK6.SK7 which could serve as alternatives for 
Nistari based crossbreeds were identified. All the test 
hybrids showed higher shell content as compared to 
the control (Nistari × SK6.SK7) in both laboratory 
as well as field conditions indicating successful 
introgression of genes associated with higher shell
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content from the donor parent (MH1) to the receptor 
parent (MCon1, MCon4 and M6DPE). Moreover, the 
evolved congenic multivoltine breeds (12Y, 21Y and 
8W) developed by crossing, continuous backcrossing 
with receptor parent and sib-mating for seven generations 
by applying directional selection towards higher shell 
content might also have developed higher genetic 
plasticity. The resultant crossbreeds performed better 
with high shell content across the seasons and regions 
in coherence to results reported (Chattopadhyay et al., 
2001 a, b).

One of the objectives of the silkworm breeder is to 
recommend stable breeds/hybrids to the farmers for  
rearing under different environmental conditions. 
Silkworm breeds reared over a series of different 
environments exhibiting lesser variations are 
considered stable. According to Allard and Bradshaw 
(1964), performance of the breed/hybrid in a given 
environment indicates its superiority. As the majority of 
the economically important genetic traits of silkworms 
are qualitative in nature and phenotypic expression 
is greatly influenced by environmental factors, such 
as temperature, relative humidity, light and nutrition 
(Pillai and Krishnaswami, 1980; Zhang et al., 2002; 
Ramesha et al., 2010), it is essential to measure the 
degree of phenotypic differences in the economic traits 
under varied environmental conditions to understand the 
genetic steadiness. In the present study, the phenotypic 
expressions of rearing traits of four crossbreeds (with 
control) were studied in four states (Assam, Jharkhand, 
Odisha and West Bengal) characterized by varied climatic 
conditions. Among the crossbreeds, 12Y × BCon1.BCon4 
exhibited higher and stable cocoon yield (55.33 kg/100 
DFLs) compared to 21Y × BCon1.BCon4 (53.19 kg/100 
DFLs), 8W × SK6.SK7 (48.52 kg/100 DFLs) and Nistari 
× SK6.SK7 (47.23 kg/100 DFLs) in all the states. This is 
also evidenced by positive and higher improvement of 
12Y × BCon1.BCon4 in cocoon yield over the control 
in all the four states, whereas 8W × SK6.SK7 showed 
negative trend in Jharkhand and 21Y × BCon1.BCon4, 
in Odisha. The overall yield realization potential of 12Y 
× BCon1.BCon4 in the field conditions in comparison 
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to laboratory performance was also higher (87.42 %) as 
against that of 21Y × BCon1.BCon4 (84.04 %) and 8W 
× SK6.SK7 (83.94 %). The overall realization potential 
of Nistari × SK6.SK7 (95.88 %) was higher than all the 
test crossbreeds, which could be attributed to the higher 
adaptability of Nistari to the field conditions since it 
is being reared in Eastern India for >10 years (Nirmal 
Kumar, 2015). In this context, 12Y and its crossbreeds 
may require further time to genetically adapt to the field 
conditions in the region.

The selection of suitable parental breeds benefits the 
breeder to successfully amalgamate the desired traits 
and therefore, proper evaluation of breeding resources is 
crucial for the breeders (Mano et al., 1993; Harjeet Singh 
and Suresh Kumar, 2008; Sivaprasad and Manjunath, 
2021). In this study, the parents were selected based on 
the cumulative multiple trait evaluation index on rearing 
traits of economic importance. The multivoltine breeds 
which scored higher evaluation index (M6DPE: 62.73, 
MH1: 62.20, M.Con4: 61.38 and M.Con1: 54.90) have 
also recorded the higher shell content in comparison to 
the other multivoltine silkworm breeds. Therefore, the 
measure used has served the purpose of the experiment 
and the breeding method adapted. Contrary to it, the 
multiple trait evaluation index utilized to shortlist the 
crossbreeds did not show any similarities with regard 
to the shell content. This is majorly attributed to the 
involvement of bivoltine male component, which was 
crossed with the congenic multivoltine breeds. Multiple 
trait evaluation index method enables identification 
of superior breed or hybrid from an array of breeds, 
while considering cumulative effect of most of the yield 
and associated attributes. The method has been used 
extensively by the silkworm breeders in many studies 
(Nisar et al., 2013; Nooruldin et al., 2014). Khasru 
Alam et al. (2020) used multiple trait evaluation index 
for identification of suitable bivoltine hybrids with better 
productivity for Odisha.

Early breeding populations showed fluctuations in 
the rearing traits, which got stabilized after BC5 
generation. These variations can be attributed to the
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high heterogeneity gene-pool in the evolved breeds and 
difficulty in tracing the introgression of genes (Young et 
al., 1988). Directional selection based on single cocoon 
shell assessment was the driving force in introgression 
of high shell content character in the evolved congenic 
breeds. Therefore, the current breeding programme could 
bring in aggregation of favourable gene/genes by the 
elimination of unfavourable gene/genes from the gene-
pool by developing congenic breeds through directional 
selection. The stable performance of the congenic breeds 
and their crossbreeds across seasons over the control 
suggests that there was lesser interference of unfavourable 
gene/genes after synchronisation (Chattopadhyay et al., 
2001 c). A few researches reported varied expression 
by different breeds under different climatic conditions 
(Watanabe, 1928; Ueda and Lizuka, 1962). Seasonal 
studies made in Indian mulberry silkworm revealed 
that different hybrids expressed differently when tested 
under varied climatic conditions (Krishnaswami and 
Narasimhanna, 1974). The differences in fitness of 
silkworms in different seasons and regions have long 
been recognized in Japan and China and the outcome was 
identified as season- or region- specific breeds/hybrids to 
obtain sustainable cocoon yields (Hirobe and Ohi, 1954; 
Yokoyama, 1976; Xu Meng Kui et al., 1990; He Yi et al., 
1991).

Present study identified three crossbreeds, 12Y × BCon1.
BCon4, 21Y × BCon1.BCon4 and 8W × SK6.SK7 
which yield with higher cocoon productivity and shell 
content than the ruling crossbreed (Nistari × SK6.SK7). 
12Y × BCon1.BCon4 exhibited consistent and stable 
performance in the field with regard to cocoon yield and 
other important economic traits resulting in an additional 
income to the farmers. Newly evolved congenic 
multivoltine breed, 12Y exhibited consistent performance 
in the field with regard to cocoon yield potential 
(10-15 % improvement). However, the relatively lower 
shell content (15-16 %) from BCon1.BCon4 prompted to 
conduct further laboratory evaluation with other bivoltine 
male parents with higher shell content to develop a new 
12Y crossbreed combination. As the selected bivoltine 
male parent (BFC1) possessed higher shell content and 
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higher survival, the resultant crossbreed, 12Y × BFC1 
showed promising results with 18-20 % shell percentage 
and 56-62 kg/100 DFLs cocoon yield. The multivoltine × 
bivoltine hybrid combinations with desired shell content 
associated with higher survival thrive better in the field 
in Eastern India. The present laboratory and field testing 
results provide a choice to the farmers in Eastern Indian 
states between 12Y x BFC1 and Nistari × SK6.SK7. 
Commercial exploitation of improved crossbreed i.e., 
12Y x BFC1 is sure to enhance the silk productivity in 
Eastern India and gradually replace the Nistari based 
crossbreeds.
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ABSTRACT

Pebrine is a dreadful disease caused by microsporidian infection in silkworms (Bombyx mori), and it has been 
inflicting serious damage to sericulture across the world. Microsporidia had been detected from various insects in the 
fields, but invasion routes of microsporidia from fields to rearing places of silkworms were less known. Therefore, 
we made attempts to detect the source of microsporidial contamination of mulberry leaves in the field. In the process, 
samples of feces of frogs and birds dropped on mulberry leaves were subjected to polymerase chain reaction (PCR) 
and PCR products of microsporidia, such as Nosema spp. and Vairimorpha spp., were detected from the feces when 
extracted with chloroform after freezing at -30 oC and with thermal-shock treatments. Therefore, mulberry leaves 
soiled with animal feces should strictly be excluded from foliage feed lot supplied to silkworm rearing houses to 
prevent cross infectivity of microsporidians. This is the first report of its kind.

Key words: Bird, feces, frog, microsporidia, sericulture.

INTRODUCTION

Pebrine being the most awful disease affecting the growth 
and development of silkworm, Bombyx mori, all routes 
of microsporidian infection should be explored and 
monitored to formulate a fool proof system of disease 
management. It is the Fujiwara’s method (Fujiwara, 
1984) that has widely been adopted in Japan for pebrine 
inspection at various stages of silk crop. But, there 
always exists a possibility of cross-infectivity from the 
field and the invasion routes of microsporidia from fields 
to rearing rooms of silkworms were not fully explored. 
Microsporidia are intracellular parasitic fungi that infect 
various insects, fishes and mammals. The major hosts of 
microsporidia are insects (Nakamura et al., 2019), and 
plenty of insects inhabit the mulberry fields. There were 
some reports on presence of microsporidia in rearing 
rooms of silkworms (Nozawa, 2012; Imura et al., 2020), 

and in the adult of cabbage worm (Pieris rapae) from 
mulberry fields (Kawarabata, 2003). However, there were 
some questions about invasion routes of microsporidia 
from fields to the rearing rooms and it is highly important 
to determine it for control of the disease. Therefore, in 
the present study, we explored the possible source and 
invasion routes of microsporidia from mulberry field to 
silkworm rearing room and also the trend of occurrence 
and variation in the intensity during different periods in 
the mulberry fields.

MATERIALS AND METHODS

Mass pebrine inspection of B. mori and extraction of 
microsporidian DNA

Microsporidian spores were collected by mass pebrine 
inspection according to the method by Fujiwara (1984),



from B. mori reared during September 2017. The 
microsporidia collected in distilled water, were 
centrifuged at x 16,000 g for 1 min. at 4 oC, replicated 
three times and were fixed in 2 % agarose with a phosphate 
buffer (pH 7.6). The agarose blocks were dehydrated 
with ethanol series and were replaced with t-butanol. 
Then the blocks were freeze dried and observed under 
LV SEM (JEOL) Scanning Electron  Microscope (SEM). 
SEM images (Figure 1) depicted microsporidian spores 
of various shapes probably indicating different species. 
Therefore, total DNA was isolated from samples of mass 
pebrine inspection. The samples from fields were once 
frozen at -30 oC and, the frozen samples were boiled and 
were used for DNA extraction. DNA was extracted using 
phenol and chloroform.

Design of primers for microsporidia

For detection of microsporidia, polymerase chain 
reaction (PCR) method was used, and VN001F 
primer and VN001R primer (Kawakami et al., 2001) 
are reported as universal primers for detection of 
microsporidia pathogenic to the silkworm, but the size of 
PCR product using VN001F primer and VN001R primer 
was 1,360 bp. However, the length was too long to 
detect microsporidia, efficiently. Therefore, new primer 
set was constructed using the above primer set to get 
PCR production with 400 - 600 bp and to detect various 
microsporidian species. To construct primers, total DNA 
was extracted from the mass pebrine inspection samples 
containing microsporidia as described by Hatakeyama 
and Hayasaka (2002), and PCR was performed using 
VN100F and VN001R primers. Then PCR products 
were cloned in pTac2 vector (Funakoshi, Tokyo), and 
the inserts in the vectors were sequenced. The inserts of 
76 clones were sequenced, and the sequenced data were 
analyzed by ATGC software (Ver.6, GENETYX). PCR 
products of these primers hit with Nosema antheraeae, 
N. bombycis, N. disstriae, N. fumiferanae, N. heliothidis, 
N. mylitta, N. pyrausta, N. racjiplusiae, N. spodopterae, 
N. trichoplusiae, N. tyriae, Nosema sp., Vairimorpha 
ceraces, V. imperfecta and Vairimorpha sp. according 
to  International Nucleotide Sequence Databases 
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(INSD). Microsporidia-F (5’-ACTTGTTCCGATAGTG 
TGTATGATGATTGATG-3’) primer and 
Microsporidia-R primer (5’- TGTTGAAATTAATCATTA 
TTCACAGCATCCATTGG-3’) were designed by the 
sequences to detect common sequence of microsporidia 
from the fields, and microspores were detected in the PCR 
products with 483 bp. The PCR products were sequenced 
and hit the species (E-value = 0.0, Identity = 98.8 – 99.9 
%) by search with INSD.

Detection of microsporidia by PCR

Mulberry leaves laid with corpses of insects, traces of soil 
and  animal feces were harvested from mulberry fields, 
and these samples on the leaves were collected using 
distilled water. The collected samples were centrifuged 
at x16,000 g for 5 min at 4 oC, and DNA was extracted 
from the pellets by the methods as described above. 
Microsporidia were detected using Microsporidia-F 
primer and Microsporidia-R primer, and PCR was 
performed using KOD-Fx-Neo (TOYOBO, Osaka) with 
55 oC anneal and extension for 1 min and cycled for 35 
times. The PCR products were electrophoresed with 
1 % agarose, and presence of microsporidian DNAs were 
ascertained in samples when the PCR products of 483 bp 
were detected. 

Detection of microsporidia in feces on mulberry 
leaves from fields

More samples of animal feces were collected from 
mulberry leaves of two fields at Ibaraki Prefecture in 
Japan from September 2018 to October 2019. Feces 
samples were collected using distilled water and were 
precipitated by centrifugation. Microsporidian DNA was 
detected by the above PCR methods, and percentage of 
microsporidium detection (= number of feces samples 
detected with microsporidia / total number of samples x 
100) was calculated.

RESULTS AND DISCUSSION 

Out of various samples constituting corpses of insects, 
traces of soil and animal feces on the surface of mulberry

Sericologia 61 (1&2): 14-18, 2021



leaves in the fields, the PCR products of microsporidia 
were detected from feces of frogs and birds (Figures 
2 and 3). Therefore, mulberry leaves with feces were 
collected every week from September 2018 to October 
2019 (Figure 4). At Ibaraki Prefecture in Japan, mulberry 
sheds leaves from late October to November and further 
sprouts in May. Therefore, leaf sampling was not 
performed from late November of 2018 to April 2019. 
Results revealed higher percentage of microsporidian 
occurrence during 2018. In Japan, microsporidia were 
detected by mass pebrine inspection in female adult 
moths from 2015 to 2017, frequently (Hirokawa, 2018), 
and the intensity of detection decreased through 2018 to 
2019. Therefore, frequency of microsporidium detection 
by mass pebrine inspection and by this study are not on 
contradiction. Moreover, it was interesting to note that 
the microsporidian occurrence was in comparatively 
lower percentage during 2019, after the passing of 
typhoon. This might be because the mulberry leaves 
getting washed by the heavy rains and simultaneous 
rinsing away of  microsporidian spores.

Notably high percentage of over 50 % of microsporidia 
were detected during September 2018 (Figure 4) which 
stood much above than that detected from individual 
dragonflies (Nakamura et al., 2021). Major hosts of 
microsporidia are insects in general, and particularly the 
order Lepidoptera. Microsporidia had been detected from 
various Lepidopteran insects, viz., Chilo suppressalis 
(Hirose, 1979), Spodoptera depravata (Ishihara and 
Iwano, 1991), S. exigua (Yasunaga et al., 1992), S. litura 
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PCR methods are used for detection of other pathogens, 
such as densovirus and nucleoplyhedrovirs also, and 
pathogens were detected sensitive (Ikuno et al., 2004, 
How et al., 2005). PCR methods were also useful for the 
detection of microsporidia from clinical stool specimens 
and extraction methods of microsporidian DNA are 
important (Muller et al., 1999), but DNA had been 
extracted from microsporidia after spore germination 
(Hatakeyama and Hayasaka, 2002; Nakamura et al., 
2019). However, some microsporidian species were 
present in samples from mulberry leaves from fields, 
and spore germination of microsporidian requires 
specific conditions depending on microsporidian species. 
Therefore, in this study, we adopted PCR methods for 
microsporidian DNA extraction from feces after physical 
treatments, such as freezing and boiling. The thermal-
shock method was useful for DNA release from spores of 
fungi (Fraczek et al., 2019), and our results agreed with 
the report.

Microsporidia extracted from feces of frogs and of birds 
were mixed into artificial diet and fed to third instar

Figure 1: SEM image of microsporidia spores detected from 
Bombyx mori

(Nakamura et al., 2019), Tyria jacobaeae (Canning et 
al., 1999) and from insects belonging to other orders 
too (Ohta and Endo, 1978; Zhu et al., 2011; Fries, 
2010; Nakamura et al., 2021). Since frogs and birds 
might eat many infected insects, there is a possibility 
of  microsporidian concentration getting boosted in their 
feces, and hence, the percentage of detection might be 
higher than that from individual insect.

Figure 2: Samples of feces of frogs (A) and birds (B) spotted on 
mulberry leaf surface

A B
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silkworms. But, they didn’t develop any symptoms of the 
disease (data not shown). However, since DNA products 
of Nosema spp. and Vairimorpha spp. that infect B. mori 
(Canning et al., 1999; Hatakeyama and Hayasaka, 2002; 
Kawarabata 2003), were detected from frog or bird feces 
collected from mulberry fields, mulberry leaves soiled 
with feces should be excluded from the supply lot to 
silkworm rearing houses.  

Figure 3: Electrophoresis of PCR products of frog (lane: 1-5) and 
bird feces (lane: 6-11)

PCR was performed using the extracted DNA, and PCR products of 
microsporidia were detected at lane 1, 3, 6 and 7 (483 bp); M: 100 bp 
DNA ladder marker

M  1  2  3  4  5  6  7  8  9  10 11

1.5

1.0

0.5

0.1

Figure 4: Variation in the percentage of microsporidia detected 
from feces of frogs and birds from mulberry fields at Ibaraki 
Prefecture in Japan

▬►Passing of typhoon
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ABSTRACT

Silkworm pupae are rich source of proteins composed of all essential amino acids required for human and animal 
health. The present study provides a comparative account of the amino acid profile of proteins extracted from fresh, 
fresh de-oiled and spent silkworm (Bombyx mori) pupae. The major amino acid components of silkworm pupae 
proteins were Glutamic acid (12.9 %) and Aspartic acid (9.65 %). The essential amino acid content as detected in 
silkworm pupae powder in the order of their proportion, were Leucine (6.91 %), Lysine (6.60 %), Phenylalanine 
(6.58 %), Valine (5.53 %), Threonine (4.48 %), Isoleucine (4.20 %), Histidine (3.79 %), Methionine (3.21 %) and 
Tryptophan (1.15 %).  However, similar amino acid profile was obtained for de-oiled silkworm pupae powder as 
well but, certain amino acids measured slightly less in spent silkworm pupae proteins when compared with fresh 
silkworm pupae powder, indicative of microbial spoilage or loss during the reeling process. The process of de-
oiling was proved to have  no adverse influence on amino acid profile of silkworm pupae. The higher proportion of  
essential and high value amino acids in silkworm pupae proteins could be explored for supplementing human and 
animal nutrition and offer high scope for their commercial production.

Key words: Amino acids and nutrition, Bombyx mori, proteins, silkworm.

INTRODUCTION

Silkworm pupae have commonly been used as a 
traditional food item as well as  animal feed in some 
parts of Asian continent for a long time because of its 
high nutritional value, particularly proteins and fat 
(Dong et al., 2017). Silkworm pupae oil is well known 
as a rich source (>30 %) of omega-3-fatty acids (Pereira 
et al., 2003; Thirupathaiah et al., 2016). Moreover, the 
pupae of mulberry silkworm, Bombyx mori are mainly 
composed of proteins of about 50 to 55 % by dry 
weight and these proteins contain most of the essential 
amino acids necessary for human and animal health 
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(Rao. 1994; Zhou et al., 1996) Whenever protein sources 
are considered from nutritional point of view, it is highly 
essential to look for its amino acid profile rather than 
functional characteristics of proteins. Amino acids have 
widely been used in food, pharmaceutical, medicine 
and chemical industry as flavor enhancers, nutritional 
supplements, feed additives, antioxidants, therapeutics, 
infusion solution for post-operative treatments and also 
precursors for the manufacture of polymers and cosmetics 
(Ivanov et al., 2013). Worldwide, about 3 million tones 
of amino acids are being produced per annum, indicative 
of their enormous demand. These amino acids have been 
commercially produced from protein hydrolysates of



Among the diversified animal products, particularly 
silkworm pupa, which is the by-product of silk-
reeling industry, is yet to be properly explored for its 
high commercial value. The silkworm pupal protein 
hydrolysates have gradually been emerging as an 
attractive source of  food, pharmaceuticals, medicines, 
cosmetics, chemical industry and animal feeds (Mentang 
et al., 2013;  Li et al., 2018). Considering the huge 
availability of mulberry silkworm pupae that may be 
exploited for large scale production of amino acids with 
high economic returns, the present study was undertaken 
to analyze the amino acid profile of proteins of fresh, 
fresh de-oiled and spent silkworm pupae and further to 
explore the potentiality of sericulture industry for wider 
applications.

MATERIALS AND METHODS

Preparation of dried silkworm pupae powder and 
extraction of silkworm pupae oil

Both fresh and spent silkworm pupae powder preparation 
and oil extraction was carried out according to the process 
described by Thirupathaiah et al., 2016. The de-oiled and 
non de-oiled pupae powder were used for analysis of 
amino acids.

plant and animal source or through microbial fermentation 
(Park et al., 2007).

Amino acid profile of silkworm pupae

The amino acid analyses for mulberry silkworm, B. mori 
pupae were carried out at National Institute of Nutrition 
(ICMR-NIN), Hyderabad with standardized hydrolysis 
method and determined using Biochrome Automated 
amino acid analyzer.

RESULTS AND DISCUSSION

Amino acid profile of fresh, fresh de-oiled and spent 
silkworm pupae (before oil extraction) was carried out. 
The major amino acids detected in silkworm pupae 
proteins were Glutamic acid (12.9 %) and Aspartic acid

(9.65 %) followed by Leucine (6.91 %), Lysine (6.60 %) 
and Phenylalanine (6.58 %) (Table 1). The  of essential 
amino acids present in silkworm pupae powder in higher 
proportion, were Leucine (6.91 %) followed by Lysine 
(6.60 %), Phenylalanine (6.58 %) and Valine (5.53 %). 
Threonine (4.48 %), Isoleucine (4.20 %), Histidine 
(3.79 %), Methionine (3.21 %) and Tryptophan 
(1.15 %) were present in comparatively lower proportion. 
However, de-oiled silkworm pupae powder too displayed 
a similar amino acid profile and proportion. Whereas, 
certain amino acids were found to be slightly less in 
spent silkworm pupae proteins before oil extraction when 
compared with fresh silkworm pupae powder (Table 1). 
Results reveal that oil extraction did not result in loss of 
proteins/amino acids to a significant level. The meagre 
decrease observed in the content of certain amino acids 
might be due to the microbial spoilage of spent pupae and 
the resultant loss. Silkworm pupae powder contains all 
the nine essential amino acids, out of which three of them 
viz., Leucine (6.91 %), Lysine (6.60 %) and Phenylalanine 
(06.58 %) were detected in higher percentage.

Silkworm pupae proteins 
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Table 1: Amino acid profile of mulberry silkworm (Bombyxmori) 
pupae

All values are average of three individually pooled samples, * essential amino acids.

Amino acid 
Fresh pupae

powder
(g/100 g or %)

De-oiled
pupae powder
(g/100 g or %)

Spent pupae powder
(before oil extraction)

(g/100 g or %)

Glutamic acid 12.9    12.87  10.20  

Aspartic acid 09.65  09.76  10.18  

Leucine * 06.91  06.85  06.11  

Lysine * 06.60  06.75  06.23  

Phenylalanine * 06.58  06.59  06.34  

Alanine 06.13  05.73  04.66  

Tyrosine 05.86  05.87  05.16  

Valine * 05.53  05.37  04.55  

Glycine 05.52  05.55  04.50  

Serine 05.50  05.35  04.13  

Proline 04.85  04.43  02.97  

Arginine 04.85  05.24  05.65  

Threonine * 04.83  04.89  04.03  

Isoleucine   * 04.20  04.13  03.64  

Histidine  * 03.79  04.00  02.03  

Methionine * 03.21  03.52  02.33  

Cysteine 01.65  02.04  01.09  

Tryptophan * 01.15  0.91  0.87    
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The higher proportions of Glutamic acid (12.9 %) and 
Aspartic acid (9.65 %) present in silkworm pupae have 
great commercial value and could be explored in food and 
pharmaceutical industry. The salts of Glutamic acid and 
Aspartic acid have widely been used to improve the flavor 
of food. The Glutamic acid is also used as an ingredient 
in food supplements for muscle growth and treating 
various neuropathic diseases of humans. The essential 
amino acids viz., leucine, lysine and phenylalanine 
present in higher proportion in silkworm pupae have been 
used as ingredients in food supplements for improving 
absorption of calcium, formation of collagen, cartilage 
and connective tissue in humans (Yeo et al., 2013). 
Similarly, Tyrosine which is also abundantly available 
in silkworm pupae has wider range of applications in 
protein supplements to treat phenyl-ketonuria, attention 
deficit hyperactivity disorder (ADHD), narcolepsy and 
chronic fatigue syndrome. Tyrosine is also a precursor 
of melanin and used as precursor for the production of 
L-DOPA (Ivanov et al., 2013). Moreover, some of these 
amino acids could not be produced cost effectively by 
microbial fermentation processes; therefore, extraction 
from silkworm pupae on commercial scale might provide 
an alternative option.

The animal feed industry is another largest consumer of 
amino acids, particularly Lysine, Methionine, Threonine 
and Tryptophan followed by other amino acids. All these 
essential amino acids are present in higher proportion 
in silkworm pupae powder and are known to improve 
the nutritional quality of animal feeds as against their 
occurrence in lower levels in grains. Supplementation of 
0.5 % Lysine in animal feed improves the quality of the 
feed which is equivalent to adding 20 % of soybean meal. 
Therefore, the rich source of amino acids in silkworm 
pupae could be explored for production of amino 
acids used as ingredients in the human food/nutrition, 
pharmaceutical and animal feed industry which in turn 
is sure to enhance the economic returns of the farmers 
and entrepreneurs and ensure the constant growth of the 
sericulture industry as well.
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ABSTRACT

Silkworm diseases constitute the major constraint of Indian sericulture, which hamper productivity and 
quality of cocoons.  Among silkworm diseases, infectious flacherie is a prominent one caused by the virus, 
Bombyx mori infectious flacherie virus (BmIFV).  Total haemocyte count (THC) and differential haemocyte count 
(DHC) indicate the immunological status of an insect and there is a possibility of differential response by haemocytes 
in different breeds to microbial infection. Our earlier studies indicated CSR2 as highly susceptible and 5N as the 
most tolerant breed of silkworm against BmIFV infection. In the present study, an attempt was made to understand 
the haemotological changes taking place in the haemolymph during the progressive infection of BmIFV in both the 
susceptible and tolerant breeds to further ascertain their susceptibility / tolerance level. Immediately after III moult, 
newly ecdysed IV instar  (0 day of post inoculation - 0 DPI) larvae were per orally inoculated with an infective dose 
of BmIFV and larvae were reared up to 12 days of post inoculation (DPI). As the larval age progressed from  0 to 
12 DPI, the THC increased in both the breeds. During the progressive infection of BmIFV, the THC got decreased 
in treated batches when compared to respective controls in both the breeds. However, 5N displayed more THC 
compared to CSR2 and the decrease in THC in response to BmIFV infection was at a slower rate compared to 
that of CSR2.  Five types of haemocytes viz., prohaemocytes (PRs), plasmatocytes (PLs), granulocytes (GRs), 
spherulocytes (SRs) and oenocytes (OEs) were observed in the haemolymph of both the breeds. The PLs and GRs 
accounted for more than 50 % in the haemocyte population.   As the larval age progressed from 0 to 12 DPI, the 
percentage of different haemocytes showed varying patterns in control and treated lots of both the breeds which are 
deliberated upon.

Key words: BmIFV, Bombyx mori L., differential haemocyte count, susceptible/tolerant breeds, total haemocyte  
 count.

INTRODUCTION

Mulberry silkworm, Bombyx mori L. is an insect of 
economic interest and due to centuries of domestication, 
its natural resistance has been decreasing making it 
susceptible to various microbial (viral, bacterial, fungal 
and microsporidian) infections leading to different 
diseases and finally, cocoon crop loss. Among the viral 
diseases of silkworm, infectious flacherie is caused by 

Bombyx mori infectious flacherie virus (BmIFV), which 
was first reported in Japan  by Yamazaki et al. (1960). In 
India,  Sato (1992) and Sivaprasad et al. (1993) reported 
the prevalence of infectious flacherie disease in different 
sericultural areas of southern districts of Karnataka. 
Later, silkworm breeds were screened to determine their 
comparative susceptibility to BmIFV (Hemanth Kumar,
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2002; Mamatha, 2002; Mary Flora et al., 2002). 
Mamatha and Balavenkatasubbaiah (2008 a) also 
studied the progressive morphological changes in the 
susceptible and tolerant breeds of silkworm infected 
with BmIF. Subsequently, they studied the biochemical 
changes during the progressive infection of BmIFV in 
the silkworm (Mamatha and Balavenkatasubbaiah, 2014) 
and identified midgut as the target tissue of BmIFV 
infection (Mamatha and Balavenkatasubbaiah, 2017 
a) and reported the histopathological changes in the 
midgut of the susceptible/tolerant breeds of silkworm 
(Mamatha and Balavenkatasubbaiah, 2017 b). However, 
the information on the haematological changes during 
BmIFV infection is scanty which would throw some light 
on the immune system in the silkworm. 

Haemolymph plays an important role in the processes 
of excretion, defense, molting and metamorphosis in 
insects. The total and specific haemocyte population 
indicates the immunological status of the insect. Nittono 
(1960) classified the haemocytes in the silkworm, B. mori 
L. into six types viz., prohaemocytes, plasmatocytes, 
granulocytes, spherulocytes, imaginal spherulocytes 
(observed only at the stage of adult, but occasionally 
in pupa on the day before emergence) and oenocytes. 
However, Balavenkatasubbaiah et al. (2001) and 
Balavenkatasubbaiah and Nataraju (2005) reported five 
types of haemocytes viz., prohaemocytes, plasmatocytes, 
granulocytes, spherulocytes and oenocytes in the 
silkworm.  The chief defensive cells in B. mori 
haemolymph are the plasmatocytes and granulocytes 
which take part in phagocytosis, encapsulation and 
nodulation reactions in response to pathogen infection 
(Gupta, 1986; Krishnan et al., 2000). The total haemocyte 
count and differential haemocyte count may indicate the 
susceptibility status of the insects. Hence, in the present 
study, the defensive mechanism during the progressive 
infection of BmIFV in the susceptible and tolerant breeds 
were probed and the results are discussed.

MATERIALS AND METHODS

The larvae of two silkworm breeds identified as susceptible 

(CSR2) and tolerant (5N) against BmIFV  (Mamatha and 
Balavenkatasubbaiah, 2008) were brushed en masse and 
reared following the standard rearing methods up to III 
instar.  Immediately after III moult, newly ecdyced 4th 
instar larvae were per orally inoculated with an infective 
dose of BmIFV at 10-7.255 dilution of stock inoculum (LC50 
dose of CSR2 for 12 days) by smearing on mulberry leaf 
@ 1ml/100 sq.cm leaf/100 larvae. The control batches 
were also maintained without any inoculation. The larvae 
were reared up to 12 days post inoculation.

From both treated and control batches, from 0 to 12 DPI, 
the haemolymph was collected  in a pre-chilled eppendorf 
tube containing a few crystals of phenylthiourea by 
cutting the prolegs of larva. The collected haemolymph 
was stored at 5 oC for haemocyte counts. Six replications 
were taken for each treatment.

Estimation of total haemocyte count (THC)

The THC was estimated using haemocytometer following 
standard procedure (Cantwell, 1973). THC per mm3 of 
haemolymph was estimated according to the formula 
suggested by Jones (1962).

Estimation of differential haemocyte count (DHC)

The DHC (i.e., the relative number of different types 
of haemocytes) was estimated by counting different 
haemocytes from a haemocyte population of 200 and 
finally expressed in per cent.  Different haemocytes 
were identified as following based on their morphology 
as described by Nittono (1960) and also by referring to 
photographs (Figure 1) collected from  literature through 
internet.

a) Prohaemocytes (PRs) are usually round or ellipsoidal 
cells, the plasma membrane is generally smooth.

b) Plasmatocytes (PLs) are  normally granular and 
the granules are few, smaller and finer than those of 
granulocytes.  Plasmatocytes are usually prominent
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in size and abundant in number. The plasma 
membrane of these cells may have numerous   
pseudopodia.

c) Granulocytes (GRs) are compact cells of 
variable size and shape. They are generally round     
or disc shaped. The cytoplasm contains many small 
round granules. 

d) Spherulocytes (SPs) are round or ovoid 
cells and are characterized by large spherules.

e) Oenocytes (OEs) are of variable shape and size 
with large amounts of superficially homogenous 
cytoplasm with characteristic inclusion crystals. 
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RESULTS

The THC in haemolymph of silkworm during the 
progressive infection of BmIFV in  CSR2 and 5N breeds  
is presented in Table 1.  As the larval age increased 
(0 day to 12 DPI), the THC also increased in these 
two breeds, both in control and treated batches.  In 
CSR2 control  batches, the THC in haemolymph was 
5,575 / mm3 on 0 DPI and 11,083 / mm3 on 12 DPI 
whereas in treated batches,  it showed an increase from 
5,575 (0 DPI) to 8,225 / mm3 on 12 DPI. However, THC 
was less in treated batches when compared to respective 
controls. The per cent decrease with respect to control 
from 1 to 12 DPI was 3.43 to 25.66 (Figure 2). In the 
case of  5N,  the THC was 7,358 / mm3   on 0 DPI and 
increased to 11,725 / mm3 on  12 DPI in control and  
from 7,385 (0 DPI) to 10,525 / mm3 on 12 DPI, in the 
treated group. Results also indicated that THC recorded 
in treated batches always remained comparatively lower 
than that of respective controls.

The percentage of prohaemocytes in the haemolymph 
of CSR2 and 5N breeds of silkworm during the 
progressive infection of BmIFV is presented in Table 
2.  In CSR2 control batch, on 0 DPI, the PRs % was 
19.33 in haemocyte population and 20.75 % on 4 DPI.  
Afterwards, there was a gradual decrease of PRs % from 
13.00 (5 DPI) to 8.82 (12 DPI). The same trend was 
also observed in BmIFV treated batch. However, when 
a comparison was made in relation to control, there was 
a decreased trend observed up to 6 DPI which then kept 
rising up to 12 DPI (Figure 3). In 5N control batch, there 
was a gradual decrease in PRs % from 18.83 (0 DPI) to 
10.17 % (12 DPI) except on 5 DPI.  The same trend was 
also observed in BmIFV treated batches except on 4 DPI.  
However, there was a decreasing trend observed during 
the progressive infection of BmIFV in treated batches 
compared to respective controls up to 12 DPI (Figure 2) 
except on  2, 4 and 6 DPI.

Table 3 presents an account of the percentage of 
plasmatocytes in the haemolymph of CSR2 and 5N 
breeds of silkworm during the course of infection of

Figure 1: Haemocytes present in the haemolymph of silkworm, 
B. mori L.

Prohaemocyte

Plasmatocyte Granulocyte

Spherulocyte Oenocyte
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BmIFV. In CSR2, as the age of larva increased from  0 to 
12 DPI, the PLs % also increased  from 13.98 to 16.73 % 
with fluctuations in both control and treated batches.  The 
per cent increase of PLs in treated batches compared to 
control ranged from 13.22 (1 DPI)  to  102.45 (11 DPI). 
On 12 DPI, the per cent increase was 95.27 (Figure 4).  In 
the case of 5N control batch, as the age of larvae increased 
from 0 to 12 DPI, there were fluctuations of PLs % and in 
treated batches, PLs % increased from 12.67 to 16.27  on 
12 DPI (Table 3).  The per cent increase of PLs in treated 
batches compared to control was from 6.44 (1 DPI) to 
43.56 (12 DPI).

Figure 2: Changes in the total haemocyte count in CSR2 and 5N 
breeds of silkworm during the progressive infection of BmIFV
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Figure 3:  Changes in the prohaemocytes (%) in CSR2 and 5N 
breeds of silkworm during the progressive infection of BmIFV
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The results obtained in respect of the percentage of 
granulocytes in the  haemolymph of both the experimental 
breeds during the progressive infection of BmIFV are 
presented in Table 4. In CSR2, as the age of larvae 
increased, the GRs % gradually increased from 48.33 (0 
DPI)  to 65.08 (12 DPI), whereas in  the treated batches, 
the GRs % decreased from 48.33 (0 DPI) to 38.17 (12 
DPI). But when compared to respective controls, the 
GRs % in BmIFV treated batches remained low from 1 
to 12 DPI. The decrease was to the tune of 42.67 % on 12 
DPI (Figure 5).  In 5N also, as the age of larvae increased 
from 0 to 12 DPI, there was an increasing trend in GRs % 
both in control and treated batches.  The GRs % increased 
from 47.67 to 62.50 (12 DPI) in control batches and from 
47.67 to 57.90 in treated batches. A comparison between 

respective control and treated batches shows decrease in  
GRs % in BmIFV inoculated batches.  The decrease was 
to the extent of 3.02 % on  1 DPI and 7.36 % on 12 DPI 
(Figure 5). When a comparison was made between the 
breeds, there was no much variation of GRs % in controls 
but in treated batches, there was a variation on 5 and 7 
DPI.
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Figure 4: Changes in plasmatocytes (%) in CSR2 and 5Nbreeds of 
silkworm during the progressive infection of BmIFV

Table 5 depicts the status of spherulocytes in the 
haemolymph of treated as well as control batches of 
CSR2 and 5N breeds. The percentage of SPs decreased 
as the age of larvae increased from  0 to 12 DPI in both 
the breeds.  In the case of CSR2, the  SPs % gradually 
decreased from 15.15 (0 DPI) to 8.17 (12 DPI).  In the 
case of treated batches also, the SPs % decreased from
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15.15 to 12.83 (12 DPI) during the progressive infection 
of BmIFV.  But when compared to respective controls, 
there was a fluctuation in the trend of  SPs % (Figure 6). 
In 5N control batches, the SPs % decreased from 13.50 
(0 DPI) to 10.83 (12 DPP) with  fluctuations. In treated 
batches, there was not much variation in SPs % (13.50 % 
on 0 DPI and 13.17 % on 12 DPI), but when compared 
to respective controls, in this breed also, there was no 
variation in the  fluctuation trends of SPs % (Figure 6).

The percentage of oenocytes in the haemolymph 
of CSR2 and 5N breeds of silkworm during the 
progressive infection of BmIFV is presented in Table 
6. The percentage of OEs fluctuated both in control and 
treated batches of CSR2 breed. The percentage of OEs 
was less compared to other haemocytes both in control 
(1.08 to 6.75 %) and treated batches (1.43 to 6.83 %). 
In the case of 5N also, the percentage of OEs was less 
in control (3.33 to  7.67 %)  and  treated batches  as well 
(2.40 to 7.47 %).

DISCUSSION

Insect innate immune system comprises of humoral and 
cellular defense responses. Humoral defenses include 
antimicrobial peptides, the cascades that regulate 
coagulation and melanization of haemolymph, and the 
production of reactive intermediates of oxygen and 
nitrogen. Cellular defenses refer to haemocyte-mediated 

Figure 5: Changes in granulocytes (%) in CSR2 and 5N breeds of 
silkworm during the progressive infection of BmIFV
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responses. Haemocytes play an essential role in defending 
insect against invading parasites and pathogens by 
effective physiological mechanisms of phagocytocis, 
encapsulation and other related defense processes.

The experimental breeds exhibited a significant difference 
in their initial THC, it being  less in the susceptible breed 
(CSR2) and higher in the tolerant (5N) breed. As the larval 
age increased from 0 to 12 DPI, there was a corresponding 
hike in the THC in control and BmIFV treated batches of 
both the breeds. But, the treated lots exhibited relatively 
lower THC than that of respective controls. The decrease 
in THC was to the tune of 25.88 % in CSR2 and 
5.96 % in 5N on 12 DPI. The observation of high THC 
in tolerant breed during progressive infection points to 
the possibility of a correlation between the tolerance of 
breed to disease and THC. Earlier reports also presented 
a similar observation of  decrease  in THC at a slower 
rate in the tolerant breed during the infection of BmNPV 
(Balavenkatasubbaiah et al., 2001). In the present study, 
the decrease in total haemocyte count in treated batch 
compared to respective controls was in agreement with 
the earlier studies of Narayanan and Jayaraj (1976) and 
Hung et al. (1993). They reported drastic reduction in 
the number of haemocytes during various microbial 
infections due to fungi, bacteria and viruses and parasitic 
infections. According to Witting (1962), increase in 
circulating haemocytes is the instant cellular immune 
response in some insects and the response also depends

Figure 6:  Changes in spherulocytes (%) in CSR2 and 5N breeds 
of silkworm during the progressive (%) infection of BmIFV
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on the type and dose of the pathogen. Koundinya 
et al. (2007) reported the increase in THC in the bacteria 
infected larvae of selected bivoltine breeds. Begum 
et al. (1998) had reported that the response of haemocytes 
of P. ricini to deltamethrin brought about morphological 
and pathological changes resulting in cell breakdown 
and decrease in total haemocyte counts. Wigglesworth 
(1959) and Crossley (1979) reported that the haemocytes 
are known to be involved in intermediary metabolism, 
such as protein synthesis, transport of nutrients, phenol 
metabolism and growth stimulation.

Based on Jones classification (Jones, 1962), in the present 
study also, five types of haemocytes viz., prohaemocytes, 
plasmatocytes, granulocytes, sperulocyes and oenocytes 
were observed  in the silkworm, Bombxy mori L. 

Divergence in haemocyte profile of lepidopteran larvae 
was reported by Lackie (1988) and Ratcliffe (1993) 
and most of the cellular defense responses involve 
plasmatocytes and granular cells. According to them, 
the plasmatocytes and granulocytes accounted for 
more than 50 per cent of the haemocytes in circulation 
in the larval stage of lepidoptera. The present 
observations are in unison with this. Beaulaton (1979) 
suggested that prohaemocytes in B. mori differentiates 
into plasmatocytes which in turn differentiated into 
granulocytes and spherulocytes. The granulocytes, are 
primarily involved in defensive mechanisms and in the 
present study, a gradual decrease of granulocytes was 
observed in BmIFV treated batch. This was in agreement 
with the findings of Balavenkatasubbaiah et al. (2001).

NS: Non-significant; *Significant at 5 % level; **Significant at 1 % level.

Table 1: Total haemocyte count in haemolymph of CSR2 and 5N breeds of silkworm during the
progressive infection of BmIFV

Total haemocyte count (Cells/mm3 of haemolymph)

DPI
CSR2 

Control                 Treated
‘t’ value

5N 
Control                 Treated

‘t’ value
CSR2 

Control  v/s  5N 
Control ‘t’ value

CSR2 Treated 
v/s 5N Treated

‘t’ value

0 5,575 ±144 5,575±144 0.000 7,358±265 7,358±265 0.000 14.467** 14.467**

1 6,567±438 6,342±365 0.993 NS 8,243±183 8,102±297 0.966 NS 8.651** 9.153**

2 7,467±183 7175±184 1.647* 8,496±119 8,333±211 2.751* 11.538** 10.142**

3 8,325±94 7,775±234 1.280* 8,883±289 8,688±236 5.346** 4.498** 6.736**

4 8,733±240 8,358±372 2.331* 9,267±147 8,877±382 2.0743* 4.638** 2.380*

5 8,792±297 8,242±398 9.652** 8,892±143 8,258±74 2.711* 0.742 NS 0.100 NS

6 9,667±223 8,450±335 3.270** 9,917±151 9,483±288 7.412** 2.276* 5.736**

7 10,183±481 8,658±240 4.174** 11,183±342 1,0575±104 6.947** 4.150** 17.981**

8 10,717±379 8,208±188 6.252** 11,525±234 10,833±137 14.518** 4.445** 27.648**

9 11,258±252 9,533±306 15.881** 11,942±163 10,675±108 10.661** 5.584** 8.613**

10 11842±211 8,600±118 7.210** 12,092±169 10,950±349 32.853** 2.269* 15.608**

11 11,592±248 8,492±159 12.432** 11,892±169 10,733±154 25.768** 2.451* 24.784**

12 11,083±254 8,225±121 7.786** 11,725±260 10,525±273 24.844** 2.451* 18.831**
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Table 2: Prohaemocyte count in the haemolymph  of CSR2 and 5N breeds of silkworm during 
the course of BmIFV infection 

Percentage of Prohaemocytes (Cells/mm3 of haemolymph)

DPI
CSR2 

Control                 Treated
‘t’ value

5N 
Control                  Treated

‘t’ value
CSR2 

Control  v/s  5N 
Control ‘t’ value

CSR2 Treated 
v/s 5N Treated

‘t’ value

0 19.33±1.37 19.33±1.37 0.000 18.83±3.37 18.83±3.37 0.000 0.337 NS 0.337 NS

1 17.50±2.35 17.55±1.21 0.046 NS 18.00±2.00 17.17±3.130 0.550 NS 0.397 NS 0.280 NS

2 19.67±2.66 17.13±1.88 1.909* 18.00±1.79 18.67±2.34 0.554 NS 1.274 NS 1.255 NS

3 16.83±2.93 12.00±1.55 3.575** 16.67±2.25 15.50±2.43 0.862 NS 0.111 NS 2.976*

4 20.75±1.54 12.67±1.63 8.818** 18.08±1.36 21.00±1.79 3.181** 3.182** 8.427**

5 18.67±3.34 12.33±1.21 4.364** 20.00±1.55 18.50±3.16 1.043* 0.887 NS 4.461**

6 13.00±2.28 12.08±1.20 0.871 NS                       12.83±1.94 13.00±1.67 0.159 NS 0.136 NS 1.090 NS

7 13.67±1.97 17.34±3.44 2.274* 14.00±1.90 13.67±1.97 0.298 NS 0.299 NS 2.274* 

8 13.12±1.90 14.17±1.60 1.034 NS 14.27±0.91 12.12±1.97 2.423* 1.336 NS 1.975 NS

9 9.67±1.21 10.34±1.50 0.858 NS 13.83±0.75 9.33±1.21 7.730** 7.157** 1.283 NS

10 9.92±1.96 15.15±2.50 4.041** 12.15±2.16 11.25±1.54 0.831 NS 1.877 NS 3.259**

11 8.82±1.02 9.50±1.05 1.144* 9.83±1.83 7.92±1.63 1.915* 1.18 NS 2.005 NS

12 8.82±2.37 9.50±0.84 0.667 NS 10.17±1.60 8.17±1.33 2.353* 1.157 NS 2.080 NS

NS: Non-significant; *Significant at 5 % level; **Significant at 1 % level. 

NS: Non-significant; *Significant at 5 % level; **Significant at 1 % level.

Table 3: Plasmatocyte count in the haemolymph of CSR2 and5N breeds of silkworm during the course of BmIFV infection 

Percentage of Plasmatocytes (Cells/mm3 of haemolymph)

DPI
CSR2 

Control                Treated
‘t’ value

5N 
Control                  Treated

‘t’ value
CSR2 

Control  v/s  5N 
Control ‘t’ value

CSR2 Treated 
v/s 5N Treated

‘t’ value

0 13.98±3.59 13.98±3.59 0.000 12.67±0.82 12.67±0.82 0,000 0.876 NS 0.876 NS

1 14.87±1.31 16.83±0.75 3.189** 13.66±1.50 14.53±1.51 1.248* 1.490* 3.341**

2 16.83±2.93 20.25±1.08 2.681* 13.31±2.29 14.67±1.37 1.248* 2.324* 7.842**

3 14.58±1.36 23.16±1.61 9.997** 13.58±1.39 14.33±1.37 0.945 NS 1.263* 10.260**

4 12.33±1.97 23.64±2.90 7.911** 13.50±1.64 13.67±1.51 0.183 NS -1.115* 7.484**

5 16.47±1.42 27.75±1.25 14.555** 14.83±2.32 15.76±1.41 0.833 NS 1.472* 15.547**

6 18.50±3.39 25.67±1.86 4.537** 12.67±1.63 16.17±1.33 4.071** 3.796** 10.172**

7 14.62±1.45 25.00±3.41 6.868** 13.17±2.14 14.62±1.45 1.374* 1.374* 6.868**

8 16.32±1.41 27.00±4.00 6.163** 13.67±0.82 15.36±2.76 1.439* 3.985** 5.871**

9 16.14±2.16 27.43±4.86 5.2010** 12.50±1.87 14.83±2.32 -.919* 3.116** 5.732**

10 16.51±1.16 32.68±3.14 11.817** 14.70±1.04 16.51±1.16 2.858* 2.859* 11.818**

11 16.91±1.11 34.23±1.87 19.468** 13.17±0.75 16.51±1.05 6.320** 6.823** 20.184**

12 16.73±1.17 32.67±1.51 20.504** 11.33±1.63 16.27±1.28 5.828** 6.588** 20.329**
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Table 4: Granulocyte count in the haemolymph in CSR2 and 5N breeds of silkworm during the course of BmIFV infection 

Percentage of Granulocytes (Cells/mm3 of haemolymph)

DPI
CSR2 

Control                Treated
‘t’ value

5N 
Control                  Treated

‘t’ value
CSR2 

Control  v/s  5N 
Control ‘t’ value

CSR2 Treated 
v/s 5N Treated

‘t’ value

0 48.33±2.94 48.33±2.94 0.000 47.67±2.25 47.67±2.25 0.000 0.441 NS 0.441 NS

1 52.03±2.59 48.50±0.84 3.175** 49.67±1.21 48.17±2.32 1.405 * 2.025 NS 2.025 NS

2 51.42±2.15 46.83±2.64 3.295** 52.50±1.87 50.33±2.94 1.416* 0.930 NS 0.930 NS

3 55.67±2.58 47.50±3.21 4.856** 50.83±1.47 50.67±1.51 0.193 NS 3.980 ** 3.980 **

4 48.33±3.98 48.73±5.10 0.151 NS 49.67±1.75 46.17±1.72 3.490** 0.751 NS 0.751 NS

5 48.83±3.92 42.17±2.48 3.519** 47.50±2.43 49.00±3.69 0.832 NS 0.708 NS 0.708 NS

6 49.25±3.66 39.67±4.32 4.147** 52.33±1.75 50.83±2.79 2.208* 1.863* 5.320**

7 56.95±2.04 38.83±2.99 12.241** 52.50±2.88 56.95±2.04 3.086** 3.086* 12.241**

8 60.17±2.79 37.33±4.23 11.046** 54.17±1.60 53.50±4.23 0.360 NS 4.572** 6.622**

9 59.67±2.58 49.33±2.73 6.732** 56.00±1.90 55.50±3.94 0.280 NS 2.803* 3.152**

10 62.17±2.14 41.25±1.47 19.732** 54.22±1.79 51.33±1.63 2.915* 6.987** 11.225**

11 62.25±2.09 42.67±1.97 16.709** 61.00±1.67 57.00±2.61 3.162** 1.143* 10.750**

12 65.08±2.20 38.17±3.97 14.524** 62.50±1.64 57.90±3.07 3.236** 2.304* 0.850 NS

NS: Non-significant; *Significant at 5 % level; **Significant at 1 % level .

NS: Non-significant; *Significant at 5 % level; **Significant at 1 % level.

Table 5: Spherulocyte count in the haemolymph in CSR2 and 5Ns breed of  silkworm during the course of BmIFV infection 

Percentage of Spherulocytes (Cells/mm3 of haemolymph)

DPI
CSR2 

Control                Treated
‘t’ value

5N 
Control                  Treated

‘t’ value
CSR2 

Control  v/s  5N 
Control ‘t’ value

CSR2 Treated 
v/s 5N Treated

‘t’ value

0 15.15±1.46 15.15±1.46 0.000 13.50±1.64 13.50±1.64 0.000 1.838* 1.838*

1 11.71±1.19 14.17±0.98 3.899** 12.48±2.18 12.67±1.75 0.163 NS 0.763 NS 1.830*

2 11.00±0.63 12.67±1.21 2.988* 10.53±2.36 11.83±1.83 1.066* 0.469 NS 0.928 NS

3 10.42±2.46 14.67±2.88 1.570* 11.58±1.91 13.67±1.37 2.174* 0.918 NS 0.769 NS

4 11.83±1.47 13.53±2.56 1.409 NS 11.71±1.19 14.17±0.98 3.899** 0.236 NS 1.133*

5 12.17±1.47 15.82±3.59 2.310* 11.33±1.86 12.17±1.47 0.860 NS 0.860 NS 2.310*

6 13.27±2.20 15.25±1.47 1.835* 14.50±1.64 13.77±1.90 0.715 NS 1.101* 1.511*

7 12.37±0.95 13.27±2.10 0.955 NS 14.00±1.26 12.37±0.95 2.527* 2.527* 0.955 NS

8 8.67±1.03 15.39±2.63 5.824** 10.83±2.04 13.67±1.86 2.512* 2.316* 1.308*

9 10.32±2.06 9.67±1.51 4.622** 12.83±1.33 15.51±2.08 2.654* 2.510* 5.571**

10 8.83±1.72 8.17±2.14 0.594 NS 14.73±0.77 15.84±1.42 1.681* 7.667** 7.330**

11 8.00±0.89 7.60±1.64 0.520 NS 12.67±3.00 13.84±1.96 0.799 NS 3.662** 5.978**

12 8.17±1.72 12.83±2.99 3.305** 10.83±1.60 13.17±2.71 1.814* 2.771* 0.201 NS
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Table 6:  Oenocyte count in the  haemolymph in CSR2 and 5N breeds of silkworm during the course of BmIFV infection 

Percentage of Oenocytes (Cells/mm3 of haemolymph)

DPI
CSR2 

Control                Treated
‘t’ value

5N 
Control                  Treated

‘t’ value
CSR2 

Control  v/s  5N 
Control ‘t’ value

CSR2 Treated 
v/s 5N Treated

‘t’ value

0 3.20±1.02 3.20±1.02 0.000 7.33±1.03 7.33±1.03 0.000 6.976** 6.976**

1 3.88±1.40 2.95±1.37 1.168 NS 6.20±2.12 7.47±1.37 1.231 NS 2.237* 5.713**

2 1.08±0.20 3.12±0.49 9.357** 5.67±1.37 4.50±2.88 0.8962 NS 8.127** 1.159 NS

3 2.50±1.41 2.67±2.73 0.133 NS 7.33±1.17 5.83±2.14 1.508 NS 6.449** 2.236*

NS: Non-significant; *Significant at 5 % level; **Significant at 1 % level.

4 6.75±0.76 1.43±0.68 12.760** 6.58±1.11 7.00±0.89 0.714 NS 0.303 NS 12.115**

5 3.87±1.83 1.93±1.04 2.242* 6.33±1.75 4.58±1.91 1.655 NS 2.382* 2.983*

6 5.98±1.80 5.00±2.53 0.776 NS 7.67±1.03 6.23±1.77 1.715 NS 1.987* 0.979 NS

7 2.40±1.37 5.57±1.72 3.525** 6.33±2.34 2.40±1.37 3.555** 3.556** 3.525**

8 1.72±0.72 6.12±1.52 6.396** 7.07±0.91 5.35±2.38 1.649 NS 11.304** 0.664 NS

9 4.22±2.74 3.23±1.06 0.820 NS 4.83±2.56 4.83±1.37 0.000 0.403 NS 1.705 NS

10 2.57±2.24 2.74±1.47 0.158 NS 4.21±0.68 5.08±2.58 0.804 NS 1.715 NS 1.935 NS

11 4.03±2.15 6.00±1.25 1.939 NS 3.33±2.07 4.73±0.59 1.597 NS 0.575 NS 2.245**

12 3.35±2.39 6.83±0.98 3.304** 5.17±1.94 4.50±1.52 0.663 NS 1.446** 3.162**

Variations in the susceptibility of insect species to 
pathogen  invasion may result from several factors, 
including the efficiency of cellular and humoral defense 
reactions (Vilcinskas and Go¨ tz, 1999). The effective 
physiological mechanisms of phagocytosis, encapsulation, 
and other related defense mechanisms were primarily due 
to the availability of circulatory immune cells particularly 
plasmatocytes and granulocytes. As haemocytes respond 
very instantly against adversaries, it is expected that by 
using haemocyte catalogue as indicator, impact of several 
biotic and abiotic factors can be evaluated (Rajitha 
et al., 2013). Present investigation tried to analyze 
cellular immunopotency in B. mori larvae during the 
progressive infection of BmIFV by quantifying total 
and differential haemocytes in susceptible and tolerant 
breeds. 5N was having more THC compared to CSR2 
at all instances and the decrease in THC and GRs % in 
treated batch was at a slower rate compared to that of 
CSR2 indicating the higher tolerance of  5N than CSR2. 
Our earlier investigation on larval mortality  (Mamatha 

and Balavenkatasubbaiah, 2008 b) and histopathological  
changes  (Mamatha and Balavenkatasubbaiah, 2017 b) 
during the progressive infection of BmIFV in  CSR2 
and 5N breeds also indicated the higher susceptibility of 
CSR2 against BmIFV infection.
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ABSTRACT

Central Sericultural Research and Training Institute, Berhampore (CSRTI-BHP) has been rendering services of 
R&D; technical, technological and extension support to the silk industry in Eastern and North-Eastern India since 
1943. Besides, CSRTI offers Post Graduate Diploma in Sericulture (PGDS), a structured training course in affiliation 
with the University of Kalyani, Kalyani since 2007-08 as per the MoA held between them. The duration of the 
course is 15 months. Applications for the course are invited through regular media advertisements / correspondence. 
Majority of these students are sponsored by the Department of Sericulture (DoS) of various state governments 
across India. The students are trained in sericulture for its promotion in their respective states. In recent days, the 
students’ intake to the course was found to be more as compared to past years. Thus, the current study was proposed 
to investigate the employability of the PGDS graduates from CSRTI. Primary data pertaining to the employability 
was elicited from 98 PGDS graduates (2013-2017) using structured questionnaire in the form of Google-doc via 
social media. Descriptive statistics, chi square test of independence and logit regression were performed to draw 
logical conclusion. The study indicated that the employment generation potential of PGDS holders was maximum 
(63 %) and majority of them are serving as extension officers in sericulture sector (81 %). The graduates from 
Assam, Mizoram, Jammu & Kashmir, West Bengal, Jharkhand and Madhya Pradesh were employed cent per cent. 
The employability of PGDS graduates was found to have significant association with marital status, category, merit 
position in graduation & team work skills. The sample had been correctly classified to the extent of 88 per cent 
using logit model. Majority of the un-employed graduates suggested for job reservation to alma-maters in CSB 
recruitments.

Key words: Employability, logit, North-East, PG Diploma, sericulture.

INTRODUCTION

Sericulture in India plays an important role in poverty 
alleviation. Compared to other agricultural crops, 
sericulture provides year-round employment and higher 
income to the rural farm families. In India, sericulture is 
practiced by about 1.2 million families and the industry 

provides employment to approximately 9.2 million 
persons in rural and semi-urban areas across various 
activities of silk production chain (Anonymous, 2020). 
Of these, a sizeable number of workers belong to the 
economically weaker sections of the society, especially
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women with a participation rate of around 55 %. The advent 
of technologies and education has created a wide range of 
job opportunities in both public and private sectors. The 
Department of Sericulture (DoS), Central Silk Board, 
Silk Export Promotion Council, FAO, NABARD, ICAR, 
SAUs (State Agricultural Universities), Nationalized 
banks etc. are the major public sector avenues and in 
addition, private consultancy is also gaining glaring 
importance.

Employability refers to skills and abilities required 
to find employment, remain employed or obtain new 
employment as and when required (Crossman and 
Clarke, 2010). Employability has been conceptualized as 
a set of achievements that increases graduates’ likelihood 
of finding employment opportunities and guaranties 
them success in their chosen occupation, which would 
eventually benefit the workforce, community, economy 
and graduates themselves (York, 2004). Currently, 
the concept of employability of graduates is used as a 
benchmark to measure the quality of higher education 
globally forming an integral part of policies and strategies 
related to higher education (Teichler, 2009).

A gamut of factors, such as socio-economic status, 
nature of degree programme and different skills 
acquired influences the graduates in obtaining jobs. The 
mix of academic qualifications, vocational skills and 
personal skills are the selling skills for the entry level 
jobs (Rajkumar, 2011). Kay Wardle said that employer 
usually looks for a desired degree in relevant subject, 
work experience and transferable skills (communication, 
teamwork, problem solving, flexibility/adaptability, self-
awareness, commitment and commercial awareness) 
in job seekers. In this context, bio-sciences subject 
fits the same pattern of employer response (Julie and 
Helena, 2006). Besides, geographic position also plays 
an important role in the job search because it will have 
influence on exposure to the aspirants regarding job 
opportunities.

Institute enrol the students (input) and transform them  
through teaching and learning which is reflected in the 

students’ performance and their employability (output). 
In order to ensure their potentiality, universities/institutes 
should conduct research on the level of employability 
of their graduates, as well as the skills they require to 
succeed in the workplace (Alibaygi et al.,, 2013).

CSRTI-Berhampore is a premier research station 
established in the year 1943, involved in research and 
developmental activities to promote silk production in the 
Eastern and North-Eastern India. Through its remarkable 
research breakthrough, overall development of sericulture 
sector has been achieved in the region. It focuses on 
Research, Extension and Human Resource Development 
(HRD). To develop skilled and technical manpower 
related to pre-cocoon and post-cocoon activities, various 
training activities in the form of structured and non-
structured courses are being tailored and offered. Post 
Graduate Diploma in Sericulture (PGDS) is one such 
structured training course affiliated to the University of 
Kalyani-Kalyani since 2007-08.

The PGDS is a 15 months course divided into two 
semesters of six months duration each (theory & 
practical) and another three-months for preparation 
of dissertation, for execution of syllabus covering all 
the aspects of mulberry sericulture. The eligibility for 
pursuing PGDS is graduation (B.Sc./M.Sc. in Biological 
Sciences/Sericulture/Agriculture and B.Tech.) from 
a recognised college or university. The course also 
includes 15 days exposure visit per semester to major 
mulberry & non-mulberry sericulture areas. The syllabus 
including practical components was revised during 2018-
19. The syllabus comprises of topics viz., introductory 
sericulture, mulberry production, crop protection, 
cocoon & seed production, silkworm breeding, mulberry 
breeding, plant physiology, post cocoon technology 
& by-product utilization, extension management and 
seri-entrepreneurship, seri-economics, statistics & 
computer application. The students are evaluated through 
examinations at the end of each semester (theory & 
practical) following internal & external evaluation 
systems. In addition, students are allowed for three 
months course work in the form of dissertation/intensive 
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practical training under the supervision of experienced 
faculty in various sericulture disciplines. The students 
have to submit final report being evaluated by the selected 
external examiner. The students on successful completion 
are awarded PGDS and those who are top scorers 
(preferably first three) are felicitated by the Central Silk 
Board (CSB-Bengaluru) by conferring Gold Medal or 
cash award (Anonymous, 2019). The applications for the 
course are invited through regular media advertisements/ 
and official correspondence to Department of Sericulture 
of different States in East and North-East. Majority of 
these students are sponsored by the DoS of various State 
Governments. The students are taught by the experienced 
scientific personnel working in CSRTI-Berhampore and 
other CSB units, and freelancers as honorary faculty. The 
students are trained in sericulture for its promotion in 
their respective states.

In recent days, the students’ intake to the course was found 
to be increased significantly (13 in 2017 & 40 in 2019) 
as compared to previous years probing researcher to 
envisage into the details of employment and ability of the 
course to enhance human capital formation (Anonymous, 
2019). In this context, the study attempted to investigate 
the employment potentiality of PGDS graduates from 
CSRTI-Berhampore.

METHODOLOGY

Primary data pertaining to the employment status of 
PGDS holders in last quinquennial period was elicited 
(during 2013 to 2017) using a pre-tested structured 
questionnaire (Annexure - I). The questionnaire was 
prepared in the form of Google doc (https://forms.
gle/dZ6CuPiQBFh5WveH9) following the design of 
complete enumeration and sent to the graduates (n=105) 
through social media (WhatsApp, e-mail etc.). The data 
collected from in-service candidates were considered as 
non-response for study since they were a few. The year-
wise response rate of the graduates was as given below:

36

A total of 21 variables (Qualitative & Quantitative) were 
considered for the study as enlisted below:

Academic Year Graduates (No.) Responded (No.)

2012-13 26 22

2013-14 28 28

2014-15 15 13

2015-16 23 22

2016-17 13 13

Total 105
(M=48; F=57)

98
(M=46; F=52)

M= Male; F= Female

Variable Details &
Scaling Variable Details &

Scaling

Eligibility for job Others = 0;
PGDS = 1 Locality Rural = 0; Urban = 1 

Gender Male = 0;
Female = 1

Educational Status 
before PGDS B.Sc. = 0; M.Sc. = 1

Age <30 = 0;
>30 = 1 Employment Un- empl. = 0; Self = 1;

Private = 2; Govt. = 3

Marital Status Others = 0;
Married = 1

Year of joining 
job 2014 to 2018

Family Background Agric./Seri. = 1;
Non-Agri. = 0 Nature of job

Admin = 0;Extension = 1; 
Research & Training = 2;
Others = 3

Category
Gen. = 0;
OBC = 1;
SC = 2; ST = 3

Annual Income 
(lakh) <3 = 0; 3-5 = 1; >5 = 2

Rank in
Graduation (%) <60 = 0;

60-70 = 1;
>70 = 2

Working in
Sericulture sector No = 0; Yes = 1

Rank in PGDS

      • Other basic information
      • Suggestions to improve the 
         employability through PGDS course

Communication skill

Average = 0;
Good = 1;
Excellent = 2

Problem solving skill

Team work skill

Creativity skill

ICT Skill

The following statistical analyses were performed using 
MS-Excel, SPSS & R statistical packages.

Tabular analysis with descriptive statistics & percentages 
was performed to summarise the results of PGDS 
graduates employability. 

Chi square (         ) statistic was used to test the independence 
of attributes governing employability of the graduates 
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Family Background Agri./Seri=1 
Non-Agri.=0 Nature of job 

Admin=0;Extension=1; 
Research & Training=2; 
Others=3 

Category Gen.=0; OBC=1; 
SC=2; ST=3 

Annual Income 
(lakh) <3 =0; 3-5=1; >5=2 

Rank in Graduation (%) <60=0; 
60-70=1; 
>70=2 

Working in 
Sericulture sector No=0; Yes=1 

Rank in PGDS 

 Other basic information 
 Suggestions to improve the 

employability through PGDS course 

Communication skill 

Average=0; 
Good=1; 
Excellent=2 

Problem solving skill 
Team work skill 

Creativity skill 
ICT Skill 

 
The following statistical analyses were performed using MS-Excel, SPSS & R statistical 

packages. 

Tabular analysis with descriptive statistics & percentages was performed to summarise the 

results of PGDS graduates employability.  

Chi square ( ) statistic was used to test the independence of attributes governing 

employability of the graduates using contingency table of order r x c (r =1,2,...,i & c=1,2,...,j). 

Rows were two (employed or not) and columns were 2 to 5 based on attributes considered for 

the study. The hypothesis of attributes are independent (H0) and are tested with a maintained 

hypothesis (H1) (Rangaswamy, 2010). The attributes considered were eligibility degree, 

gender, age, family background, marital status, category, merit in graduation/PGDS & skills 

to ascertain the association with employability. 

The test statistic 
 

where, Oij= observed frequency of (i, j)th cell & Eij= expected frequency of (i, j)th cell  

 When the expected frequency in a cell of (2 x 2) contingency table is small (say < 5), 

Yates’ or Dandekar’s corrections were employed for the continuity of  distribution. 

Coefficient of contingency was used to measure the strength of association between the 

attributes pertaining to employability when the null hypothesis (H0) was rejected in a test. 

where,  is the size of the sample;  0≤C<1 
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using contingency table of order r x c (r =1,2,...,i & 
c=1,2,...,j). Rows were two (employed or not) and 
columns were 2 to 5 based on attributes considered for 
the study. The hypothesis of attributes are independent 
(H0) and are tested with a maintained hypothesis (H1) 
(Rangaswamy, 2010). The attributes considered were 
eligibility degree, gender, age, family background, 
marital status, category, merit in graduation/PGDS & 
skills to ascertain the association with employability.

The test statistic

where, Oij= observed frequency of (i, j)th cell & Eij= 
expected frequency of (i, j)th cell

When the expected frequency in a cell of (2 x 2) 
contingency table is small (say < 5), Yates’ or Dandekar’s 
corrections were employed for the continuity of  x   
distribution.

Coefficient of contingency was used to measure the 
strength of association between the attributes pertaining 
to employability when the null hypothesis (H0) was 
rejected in a test.

If C is near to 1, it indicates a high degree of association 
while C = 0 indicates complete dissociation.

Logistic regression was employed to establish the 
functional relationship between dependent binary or 
dichotomous variable (PGDS holder employed or not) 
and one or more nominal independent variables. The 
independent variables or attributes preferred (Table 4) for 
logit analysis was based on significance of   at chosen 
level of 5 % (Gujarati, 2003). The relationship between 
dependent variable (Y) and independent variables (xi) is 
linear and the model is written as:

where,  is the intercept;  is the regression coefficient 
of ith variable and  is random error~N (0, )

When the relationship between dependent/ response and 
predictor / independent variables is non-linear, the model 
is

where, P1 is the probability of graduate being employed 
(Y=1) for given xi (i=1,2,...,p)

or

where,  and  are model parameters.

xi are independent variables, such as Eligibility for job; 
Marital status; Category;  Graduation rank & Team work 
skills (Table 5).

The best fit logit model was validated with parameters, 
such as minimum value of -2 log likelihood, Chi-square  
test of  significance  and  Nagelkerke  R2 value and correct 
classification % between observed & predicted values of 
employability.

RESULTS AND DISCUSSION 

The general information on PGDS graduates during 
2012-13 to 2016-17 is presented in Table 1. A total of 
98 (93 %) out of 105 graduates responded through social 
media. Among the graduates responded, 53 per cent were 
found female and the rest were male. Majority (97 %) 
of the respondents belonged to the age group category 
of <35 years, 63 per cent were found unmarried, 55 per 
cent belonged to schedule tribe category & 52 per cent
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If C is near to 1, it indicates a high degree of association while C = 0 indicates complete 

dissociation.  

Logistic regression was employed to establish the functional relationship between dependent 

binary or dichotomous variable (PGDS holder employed or not) with one or more nominal 

independent variables. The independent variables or attributes preferred (Table 4) for logit 

analysis was based on significance of  at chosen level of 5 % (Gujarati, 2003). The 

relationship between dependent variable (Y) and independent variables (xi) is linear and the 

model is written as: 
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where,  and are model parameters. 

xi are independent variables, such as Eligibility for job; Marital status; Category;  

Graduation rank & Team work skills (Table 5) 

 The best fit logit model was validated with parameters, such as minimum value of -2 

log likelihood, Chi-square  test of  significance  and  Nagelkerke  R2 value and correct 

classification % between observed & predicted values of employability. 
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The following statistical analyses were performed using MS-Excel, SPSS & R statistical 

packages. 

Tabular analysis with descriptive statistics & percentages was performed to summarise the 

results of PGDS graduates employability.  

Chi square ( ) statistic was used to test the independence of attributes governing 

employability of the graduates using contingency table of order r x c (r =1,2,...,i & c=1,2,...,j). 

Rows were two (employed or not) and columns were 2 to 5 based on attributes considered for 

the study. The hypothesis of attributes are independent (H0) and are tested with a maintained 

hypothesis (H1) (Rangaswamy, 2010). The attributes considered were eligibility degree, 

gender, age, family background, marital status, category, merit in graduation/PGDS & skills 

to ascertain the association with employability. 

The test statistic 
 

where, Oij= observed frequency of (i, j)th cell & Eij= expected frequency of (i, j)th cell  

 When the expected frequency in a cell of (2 x 2) contingency table is small (say < 5), 

Yates’ or Dandekar’s corrections were employed for the continuity of  distribution. 

Coefficient of contingency was used to measure the strength of association between the 

attributes pertaining to employability when the null hypothesis (H0) was rejected in a test. 
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If C is near to 1, it indicates a high degree of association while C = 0 indicates complete 

dissociation.  

Logistic regression was employed to establish the functional relationship between dependent 

binary or dichotomous variable (PGDS holder employed or not) with one or more nominal 

independent variables. The independent variables or attributes preferred (Table 4) for logit 

analysis was based on significance of  at chosen level of 5 % (Gujarati, 2003). The 

relationship between dependent variable (Y) and independent variables (xi) is linear and the 

model is written as: 

 

 where, is the intercept;  is the regression coefficient of ith variable and  is 

random error~N (0, ) 

 When the relationship between dependent/ response and predictor / independent 

variables is non-linear, the model is 
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where,  and are model parameters. 

xi are independent variables, such as Eligibility for job; Marital status; Category;  

Graduation rank & Team work skills (Table 5) 

 The best fit logit model was validated with parameters, such as minimum value of -2 

log likelihood, Chi-square  test of  significance  and  Nagelkerke  R2 value and correct 

classification % between observed & predicted values of employability. 
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Table 1: Profile of PGDS graduates of CSRTI Berhampore (2013-17)

# Particulars 2013 2014 2015 2016 2017 Total

A Graduates (N) 26 28 15 23 13 105
B Responded (n) 22 28 13 22 13 98 (93.33)
I Age
 <30 7 9 4 15 12 47 (47.96)
 30-35 15 18 9 6 1 49 (50)
 >35 1 1 2 (2.04)
II Gender
 Female 7 14 8 13 10 52 (53.06)
 Male 15 14 5 9 3 46 (46.94)

III Marital Status
 Married 12 14 5 5 36 (36.73)
 Unmarried 10 14 8 17 13 62 (63.27)

IV Residential State
 Arunachal Pradesh 3 3 (3.06)
 Assam 6 5 6 17 (17.35)
 Jammu & Kashmir 1 1 (1.02)
 Jharkhand 1 1 (1.02)
 Madhya Pradesh 1 1 (1.02)
 Maharashtra 1 1 (1.02)
 Manipur 9 13 4 6 5 37 (37.76)
 Meghalaya 7 7 (7.14)
 Mizoram 3 2 5 (5.1)
 Nagaland 2 1 3 6 3 15 (15.31)
 Sikkim 2 2 (2.04)
 Tripura 7 7 (7.14)
 West Bengal 1 1 (1.02)
V Category 
 General 7 10 4 3 2 26 (26.53)
 OBC 2 7 3 3 15 (15.31)
 SC 1 1 1 3 (3.06)
 ST 13 10 6 15 10 54 (55.1)

VI Family Background
 Agriculture/Sericulture 11 17 6 9 8 51 (52.04)
 Non-Agriculture 11 11 7 13 5 47 (47.96)

VII Annual Income (lakh)
<3 9 13 6 12 9 49 (50)
3 to 5 13 13 7 9 4 46 (46.94)
>5 2 1 3 (3.06)

VIII Locality
 Rural 11 22 7 12 7 59 (60.2)
 Urban 11 6 6 10 6 39 (39.8)

IX Educational Status before PGDS
 B.Sc. 21 21 6 12 9 69 (70.41)
 M.Sc. 1 7 7 10 4 29 (29.59)
X Merit in PGDS (%)
 <60 (C) 1 1 2 (2.04)
 60-70 (B) 7 1 4 10 2 24 (24.49)
 > 70 (A) 14 27 9 11 11 72 (73.47)

XI Merit in Graduation (B.Sc./M.Sc.) (%)
<60 (C) 7 7 3 5 1 23 (23.47)
60-70 (B) 3 5 1 9 (9.18)
> 70 (A) 15 20 8 12 11 66 (67.35)

Note: Values within brackets in the last column  indicate % to the total (n=98).
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hailed from rural area having background of sericulture 
& agriculture, majority of the diploma holders were 
the graduates of Bachelor’s degree (70 %) and found 
to have secured first class (>70 %) in their UG (B.Sc.) 
/PG (M.Sc.) programmes and even the same trend has 
been observed in Diploma. Students enrolled for PGDS 
programme belonged to different states of the country. 
More number of students were from Manipur (38 %) 
followed by Assam (17 %) and Nagaland (15 %). This 
clearly indicated the potentiality of PGDS course in 
providing wide range of opportunity to graduates to get 
expertise in sericulture cut across geographical regions 
of the country.

Regarding employment of PGDS graduates, 62 (63 %) 
graduates were employed and the rest of 37 % were 
found un-employed (Figure 1). Out of 62, 90 % of 
graduates were employed in Public sector undertakings 
and PGDS served as basic eligibility for employment of 
65 per cent of the graduates. Majority of them are serving 
as extension officers in sericulture sector (81 %) (Table 
2). Cent per cent of the graduates from Assam, Mizoram, 
Jammu & Kashmir, West Bengal, Jharkhand and Madhya 
Pradesh were employed (Figure 2), followed by Nagaland 
(73 %), Tripura (57 %), Sikkim (50 %), Manipur (48 %) 
and Arunachal Pradesh (33 %). This clearly reveals the 
potential of this course (graduates) in generation of jobs.

Table 2: Employment status of PGDS graduates of CSRTI-Berhampore (2013-17)

# Particulars 2013 2014 2015 2016 2017 Total

I Employed 

 Public or Govt. Sector 13 15 8 16 4 56 (90.32)

 Private 2 2 1 1 6 (9.68)

 Year of joining the job

 2014 8 1 1 10 (16.13)

 2015 4 4 1 1 10 (16.13)

 2016 2 6 2 2 12 (19.35)

 2017 1 5 6 8 20 (32.26)

 2018 2 1 2 5 10 (16.13)

 Eligibility criteria for joining the job

 BSc. 1 4 2 2 3 12 (19.35)

 MSc. 2 4 3 1 10 (16.13)

 PGDS 8 13 5 7 7 40 (64.52)

 Nature of job

 Administration 4 5 2 4 15 (24.19)

 Extension 9 6 6 12 3 36 (58.06)

 Research & Training 1 2 1 1 5 (8.06)

 Others 1 2 1 1 1 6 (9.68)

II Working in Sericulture sector

 Yes 12 13 7 15 3 50 (80.65)

No 3 2 3 2 2 12 (19.35)

 Employed:  Yes (62; 63.26 %) & No (36; 36.74 %)

Note: ( ) indicates % value to the total (n=62)
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The variables, such as eligibility degree, gender, age, 
family background, marital status, caste, merit in 
graduation/PGDS & skills were considered to know the 
association with employment of PGDS graduates, using 
Chi-square statistic (Table 4). The strength of association 
between the associated attributes was measured using 
contingency coefficient. The eligibility qualification 
(0.40), caste (0.33), teamwork skills (0.297), merit in 
graduation (0.29) & marital status (0.19) of the graduates 
were found significantly associated with employment 
at 5 % level. It revealed that these five attributes are 
crucial in obtaining jobs. Usually, a graduate having 
qualifications, such as desired degree, merit & technical 
skills are absorbed in any sector subjected to availability 
of vacancies.  On the whole, the skill of PGDS graduates 
pertaining to communication, problem solving, computer 
literacy, team work and creativity were also recorded 
using the 3 point scale as average, good and excellent.  
Table 3 indicated that most of the graduates fall under 
the category of excellent & good (88 %) as perceived by 
the respondents themselves. This reflected that the PGDS 
graduates are trained even in acquiring soft skills which 
are crucial in obtaining jobs.

Figure 1: Employment status of PGDS graduates of CSRTI 
Berhampore (2013-2017)

Table 3: Skill status as perceived by PGDS graduates (2013-17)

Skill Excellent Good Average

Communication (speaking & writing) 11 81 6

Problem solving  (Assessing) 9 77 12

Teamwork (co-ordination & leading) 16 71 11

Creativity (new ideas during group work) 10 75 13

Computer or ICT  (work execution) 8 72 18

Average 10.80
(11.02 %)

75.20
(76.73 %)

12.00
(12.24 %)

The probability of being employed was studied using 
logit model. The employment of PGDS graduates was 
considered as dependent variable and is a binary variable 
(Employed =1 and otherwise=0). The eligibility degree, 
category, marital status, merit in graduation and teamwork 
were considered as independent variables as they were 

found to have significant association with employability, 
using Chi square test. The resultant logit regression is Y 
= 0.005 + 6.261E + 8PGDS +11.76 married + 0.123OBC 
+ 7.09ST + 30.40rankB +13.71rankA +18.57 good_TWS 
+ 297.88 excellent_TWS + e. The model was found to 
be the best fit with -2 log likelihood of 44.73, significant 
chi-square statistic, Nagelkerke R2of 0.68 and 87.80 % 
of correct classification between observed & predicted 
values.

The employability of PGDS graduates was found to 
have significant association with marital status, caste, 
merit position in graduation and team work skills 
(Table 5). Considering exp (B) values, the employability 
of graduates was found  11 times higher in the case of 
married (age & girls) as compared to unmarried,  7 times
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more in the case of schedule tribe compared to other 
categories, 14 times more with merit A in graduation 
than the rest, 30 times higher with merit B in graduation 
as compared to rank C and 294 times more among the 
graduates having excellent work skill than others & 18 
times higher in the case of graduates with skill rated 
as good compared to those who are average skilled.

This clearly revealed that the success rate of 
employment of PGDS holders was higher in the case 

of those possessing attributes, such as marriage, skill, 
caste reservation and academic achievements. It might 
be due to the existing Indian culture, wherein women 
get married earlier to male counterpart. Majority of 
the graduates who are employed belonged to female 
category and are married. They fall under ST reservation 
with merit of first class in all the degrees pursued 
by them. The similar kind of results were evident in 
the case of Bogdan et al., 2016 and Tee et al., 2019.

Table 4: Association of variables with PGDS graduates’ employment (Yes =1 & No=0)

Variable Details Pearson’s
Chi. Square Stat

Co-efft. of
Contingency (C)

Eligibility degree for job Others = 0;
PGDS = 1 18.43** 0.40**

Gender Male = 0; Female = 1 0.32 0.06

Age <30 = 0; >30 = 1 0.21 0.05

Marital status Others = 0;
Married = 1 3.60* 0.19*

Family background Agric./Seri. = 1
Others = 0 1.04 0.10

Category

Gen. = 0;

OBC = 1;

SC = 2; ST = 3

12.05* 0.33**

Rank in graduation (%) <60 = 0;

60-70 = 1;

>70 = 2

8.95* 0.29*

Rank in PGDS (%) 2.23 0.15

Communication skill

Fair = 0;

Good = 1;

Excellent = 2

0.31 0.06

Problem solving skill 1.02 0.10

Team work skills 9.48** 0.30**

Creativity skills 0.55 0.07

ICT Skills 2.06 0.14

Level of significance:* (P≤0.05); ** (P≤0.01)
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The factors, such as less job vacancies in the State 
Department of Sericulture (especially in Manipur, 
Meghalaya, Nagaland and Tripura) and willingness of 
graduates to pursue higher studies were found to be the 
major factors responsible for unemployment (37 %). 
Out of 36 unemployed graduates, 21 graduates were 
self-employed connected to family business & farming, 
6 were pursuing higher studies and 9 were found un-
employed. This highlighted the fact that un-employment 
among PGDS holders was found to be minimum 
and might be due to their poor soft skills (regarding 
communication, leadership, ICT, task handling, 
creativity etc.) and poor academic performance. The 
same result was evidenced in the study of Tee et al. 
(2019) regarding employability of Chinese graduates.

During the study, the PGDS graduates were asked to offer 
suggestions to improve the employability of the course. The 
suggestions offered are summarised as below. 

Figure 2: State-wise employment status of PGDS graduates of 
CSRTI Berhampore (2013-2017) 

• Encourage campus interviews: Invite the business  
 concerns (private/public) to campus to organize on- 
 campus selection of candidates having expertise in the  
 sericulture sector.

Table 5: Estimation of factors responsible for PGDS graduates’ employment

Variable Indicator B (Estimates) Std. Error Prob. Z value Exp (B)

Eligibility degree for job PGDS = 1 19.567 2305.123 0.993 6.261E+8

Marital status Married = 1 2.465 1.136 0.030* 11.760

Category

OBC = 1 -2.097 1.519 0.167 0.123

SC = 2 -20.701 9529.826 0.998 0.000

ST = 3 1.959 1.062 0.065 7.090

Rank in graduation
B (60-70 %) = 1 3.415 1.226 0.005** 30.403

A (>70 %) = 2 2.618 1.128 0.020* 13.710

Team work skills
Good = 1 2.922 1.231 0.018* 18.576

Excellent = 2 5.687 2.046 0.005** 294.883

Constant -5.325 1.892 0.005** 0.005

Level of significance: * (P≤0.05); ** (P≤0.01); 2log likelihood = 44.73; chi-square = 57.11; probability (chi-square) = 0.00; Nagelkerke R2 = 0.683; Correct 
classification % with predicted values = 87.80 %.
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• Job reservation for alma-maters/own graduates  
 in CSB: In most of the organizations or Institutes,  
 some percentage of posts will be reserved for their  
 alma-maters who have excelled in academics. Even  
 in the CSB’s recent recruitment, preference had been  
 given to sericulture graduates. On similar lines,  
 defined proportion of posts should be preferred for  
 PGDS graduates.

• Expansion of sericulture: The extensive sericulture  
 is anticipated to increase job opportunities not only in  
 primary sector but also in secondary and tertiary  
 sectors of the economy. Especially for aspiring  
 graduates, it provides an opening to have their own  
 start-ups (soil to silk).

Conclusion: The finding of the study indicated that the 
employability of sericulture PG diploma graduates was 
63 % and majority of them are serving as extension officers 
in sericulture sector (81 %). The graduates belonging 
to Assam, Mizoram, Jammu & Kashmir, West Bengal, 
Jharkhand and Madhya Pradesh were employed cent per 
cent. The employability of PGDS graduates was found 
to have significant association with marital status, caste, 
merit in graduation and team work skills as indicated in 
the results of logit regression. Less job vacancies in the 
State Department of Sericulture (especially in Manipur, 
Meghalaya, Nagaland & Tripura) and graduates willing 
to pursue higher studies were accounted the major 
factors responsible for unemployment (37 %).  Conduct 
of on-campus interviews and providing reservation for 
alma-maters in CSB recruitments emerged as the major 
suggestions by the graduates. The outcome of the study 
could be utilized by policy makers in formulation of 
effective policies having relevance on human capital 
formation related to sericulture sector.
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1) Name of PGDS graduate :

2) Sex : a) Male  [      ]  b) Female  [       ]

3) Marital status : a) Married [     ] b) Unmarried [      ]

4) Age : a) <30 [     ] b) 30-35 [    ] c) >35 [      ]

5) Religion : a) Hindu [     ] b) Muslim [    ] c) Christian [     ]

6) Caste : a) Gen [     ] b) OBC  [     ] c) SC  [       ] d) ST  [       ]

7) Residential State & Contact Number :

8) Family background a) Agriculture/sericulture [    ] b) Non-Agri.  [    ]

9) Educational status before joining to PGDS & marks 
obtained : a) B.Sc.    [  ]

b) M.Sc.   [  ] & i)<60 [   ] ii) 60-70 [   ] iii) 71-80  [   ] iv) >80 [  ]  

10) Year of joining PGDS : a) 2013 [    ] b) 2014 [   ] c) 2015 [    ] d) 2016 [    ] e) 2017 [  ]

11) Year of passing PGDS & Marks obtained (%) : a) 2014 [   ] b) 2015 [   ] c) 2016 [   ] d) 2017 [  ] e) 2018 [   ]
i) <60 [    ] ii) 60-70 [    ] iii) 71-80  [    ] iv) >80 [   ]

12) Are you employed in : a) Public or Govt. [    ] b) Private [   ] c) Self [    ] d) Other [    ]

13) Designation & Address :

14) When did you join to the job? : a) 2014 [   ] b)  2015 [   ] c) 2016 [   ] d) 2017 [   ] e)  2018 [   ]

15) Job eligibility criteria : a) B.Sc. [     ] b) M.Sc. [       ] c) PGDS [      ]

16) Nature of work    : a) Admin. [    ] b) Extension [   ] 
c) Research & Training [   ]     d) Others [    ]

17) Pay Scale [Rs.] :

18) Annual Income [Lakh] : a) <3 lakhs [     ] b) 3-5 lakhs  [   ]  c)  >5 lakhs [     ]

19) Are you working in  sericulture sector : a)Yes  [       ] b)  No  [        ]

20) If No, why [pl. mention] :

21) Are you un-employed : a)Yes  [       ]  b)  No  [        ]

22) If yes, reason[s] is/are :

a) Higher studies            [       ]
b) Not interested             [       ]
c) Lack of opportunity    [       ]
d) Low salary structure   [       ]
e) Others, if any mention __________________

23) How is your communication skill wrt reading and writ-
ing? : a) Excellent [      ] b) Good [       ]   c) Average [        ]

24) How is your problem solving capacity wrt assess the 
situations and giving solutions? : a) Excellent [      ] b) Good [       ]   c) Average [        ]

25) How is your teamwork wrt coordination and leading? : a) Excellent [      ] b) Good [       ]   c) Average [        ]

26) How is your creativity wrt new ideas during group work?  : a) Excellent [      ] b) Good [       ]   c) Average [       ]

27) How is your computer / ICT skill wrt work execution? : a) Excellent [      ] b) Good [       ]   c) Average [       ]

28) Offer one or two valid suggestions to improve the em-
ployability through PGDS course :

a) ________________________________________

b) ________________________________________

c) ________________________________________

Annexure - I

44

Employability of PGDS holders
G. R. Manjunatha et al.

Sericologia 61 (1&2):  34-44, 2021
Received: 9th June 2021; Accepted: 29th July 2021



Sericologia 61 (1&2): 45 - 68, 2021
ISSN 0250-3980

Report

45

FOREST INSECT INDUSTRY FOR LIVELIHOODS SUPPORT TO 
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ABSTRACT

In the growing literature at the interface of the topics viz., rural livelihood improvement of forest dependent people 
and conservation of natural forests in India, two contesting issues stand out: (1) How and to what extent joint forest 
management (JFM), being people-centric, principal forest management strategy in India do contribute to forest 
conservation and poverty alleviation, and (2) Why and how adoption of a multi-agency linked collaborative forest 
management (CFM) system can be a better strategy to reassure the delivery of livelihood functions of the forests 
to their dependents and concomitantly foster its impact on collaborative forest conservation in India. This article 
summarizes and evaluates these domains of thought and discuss why and how Forest Insect Industry can be a better 
livelihood option or a long lasting solution for livelihood support to the forest dependent people and simultaneously 
contribute towards collaborative conservation of their tropical forests in India.

Key words: Biodiversity, forest dependent people, forest insect enterprise, institutional linkage, joint forest  
   management, poverty.

1. INTRODUCTION

Poverty is the biggest of all the problems and its 
alleviation is the greatest challenge for all developing 
countries. India is a nation with over 330 million poor 
people1 (Thampi, 2012), a number that has barely 
declined over last three decades of development. Recent 
estimate indicates that out of the total population living in 
the rural parts of all States and Union Territories of India, 
25.7 per cent is living below the poverty line (Sharma, 
2019). India is also the home to the largest number of 
the hungry people in the world, ranking 94th out of 107 
countries in 2020 (Global Hunger Index, 2020); and 

despite a strong economic growth, the latest GHI (27.2) 
still remains more or less near to that of 1996 (22.6).

Forests in India play a crucial role to support livelihood 
activities of 833 million rural people by one way or other, 
but for about 200 million2 people who exclusively live 
in 1.73 lakh fringe villages3, forests are the only source 
for their livelihood (Nayak et al., 2012). From 1850 to 
1920, as much as 33 million ha of forest was cleared 
(Williams, 2002), but even today, forest with 7,12,249 
sq km covering 21.67 % of the total geographical area 
is still the second largest land use in India (FSI, 2019). 
High population density of India i.e., 382 person/km2,
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is twelve times higher than that of the USA and per capita 
forest availability (0.057 ha) is 11 times lower than the 
world average (0.64 ha) (Census, 2011; ICFRE, 2012). 
Moreover, India with 2.5 % of world’s geographical area, 
supports 16 % of the world’s population and 18 % cattle 
population of the world (ICFRE, 2012). Therefore, there 
is a tremendous human and cattle4 pressure on the Indian 
forest.

Further, 59.72 per cent (412,625 km2) of the total forest 
in India is distributed in 188 tribal districts where poverty 
is more than 50 % (FSI, 2009). Eighty four per cent of 
India’s tribal and ethnic minorities live in forested areas, 
where natural, physical, social, and human capitals are 
very low (Mehta and Shah, 2003). Studies have shown 
that majority of forest dependent regions in India are 
poverty ridden (Shah and Guru, 2004), and one such 
study indicated that fifteen out of the twenty poorest 
regions in India remained in the list of poorest region 
right from 1983 to 2000 (Shah, 2010).

On the other hand, recent data of International Monitory 
Fund (IMF) shows that India overtakes Japan to become 
third-largest economy in purchasing power parity (PPP) 
in 2011 after US and China (Banerji and Shah, 2012). 
Moreover, a US based intelligence report released in 
December 2012 predicted that by 2030, surging India 
would straddle global commerce and will dominate 
the world economy. However, report also cautions 
that existing inequalities between rural and urban 
sectors would further widen due to infrastructural and 
educational deficiencies (NIC, 2012). In India, youth 
bulges are very high and in next 10-15 years, the country 
will be challenged very high to find jobs for its large youth 
population. Unfortunately, rural development strategies 
often neglect forests because they are mistakenly 
viewed as being outside the mainstream of agricultural 
development (UNEP, 2011).

In India, poverty in forested area is a natural phenomenon 
and if forests are not managed properly to generate 
additional income in addition to what people are getting 

now from collection of traditional non-timber forest 
products (NTFPs), the forest dependent people will be 
forced to leave their forest and family behind to find 
modern livelihood avenues in urban areas that will put 
an extreme pressure on families who are bound to be 
separated by economic forces. Secondly, forests may lose 
their sheer, shine and significance due to discriminate 
logging by non-forestry people in lack of local resistance. 
These compelling situations of Indian forest, its people, 
and their state of incessant poverty have forced forest 
managers to find out ways and means to increase 
economic return from unit area of the forest.

This paper deals with the state, scale, and constraints of 
the Joint Forest Management (JFM) in India, which is in 
vogue since two decades and now, is losing its credibility 
in several parts of the country. Paper also elaborates 
why and how multiagency linked collaborative forest 
management (CFM) system should be prioritised in 
place of JFM to realise incentive linked conservation 
practices with involvement of forest dependent people 
in India. This study underlines the significance of small 
and medium forest-based enterprises (SMFEs) and 
focuses on the emerging role of Forest Insect Industry 
(FII) in livelihood security and forest management. This 
paper explains how these arguments can be considered 
to accommodate India specific viable FII in CFM for 
poverty alleviation in forested area. Some questions 
are also raised about true potential of NTFPs in poverty 
alleviation and forest conservation. The paper concludes 
with a recommendation to convert people-centric JFM 
system of India into a multiagency linked CFM practice 
and proposes to link forest insect industry as a viable 
livelihood component in such adoptive model of CFM to 
alleviate poverty in forested area and concomitantly foster 
its impact on conservation of terrestrial biodiversity. 
Arguments in this communication are intended to provide 
forest managers and policy-makers with necessary inputs 
to consider Forest Insect Industry as amiable commercial 
vehicle in CFM and pursue the different stakeholders to 
contribute their full institutional strength to implement 
an incentive linked forest management strategy in India.
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2. Participatory forest management and its 
livelihood delivery

The poor are said to rely on forests to maintain their 
well-being (Byron and Arnold, 1999) and in some cases, 
it serves as a source of income improvement (Ruiz-
Perez et al., 2004). Poor people living in and around the 
forests are the ones who are most dependent on forests 
for their livelihood and forests have both, potentials and 
limitations with regard to poverty alleviation capabilities 
(Angelsen and Wunder, 2003).  High incidence of 
poverty in forested areas and high dependency of the 
poor on forests, suggest a leading role for forestry in 
poverty eradication (FAO, 2012 a). Forest can help in 
poverty mitigation and avoidance by serving as source 
of subsistence, seasonal employment opportunity, and 
safety nets (Sunderlin et al., 2005).

Community forestry is a crucial institutional vehicle 
for assuring and improving the livelihood benefits of 
forests (Sunderlin et al., 2003). Governments around 
the world are decentralizing their environmental policy 
(Agrawal et al., 2006) to reflect the current international 
trend of participatory forest management (Dove 1995; 
Victor et al., 1998; Arnold 2001). Nearly every central 
government in Latin America, sub-Saharan Africa, South 
and Southeast Asia claims to have decentralized the 
governance of forests and wildlife (Agrawal, 2004).

2.1 Joint Forest Management (JFM): its state, scale, 
and constraints in India

Consequent upon some innovative experiments in 
society’s involvement in forest management, models for 
participatory forest management have been evolving in 
India since 1980s. National forest policy, 1988 (MoEF, 
1988) and its subsequent resolutions emphasised the need 
for people’s participation in protection and management 
of forest in India, and on 1 June 1990, the concept of JFM 
was implemented. Ministry of Environment and Forest, 
Govt. of India issued further guidelines in February 2000, 
which inter-alia included uniform nomenclature and 
legal backup to the Joint forest management committees5 

(JFMCs) along with extension of JFMCs to good forest 
area with focus on management of NTFPs. Another set of 
guidelines were issued in December 2002 on setting up 
conflict resolution mechanism with Gram panchayat and 
Panchayati Raj Institution (PRI6) to ensure their support 
in forest management (ICFRE, 2012).

JFM regime evolved gradually in India and after a slow 
start with 4 million ha in 17 states during 1998, it now 
involves 22 million participants under 106479 JFMCs 
in 28 states that are managing 22.02 million ha forest 
(Planning Commission, 2011). Presently, State forest 
department (SFD) solely administer sixty-five per cent 
of the total forests, while remaining twenty-seven per 
cent are being managed by JFMCs (Thampi, 2012).  
From 2006, there has been a downward correction in the 
number of registered JFMCs and their forest area under 
management (ICFRE, 2012). JFM as a policy, prevents 
commercial exploitation of forest for industry purposes 
and makes provisions to substantiate the subsistence 
requirement of the local people by giving high priority 
to environmental security. Under JFM, State forest 
department has nominal responsibility; however, local 
people share both, the management responsibility of 
degraded forest, and the benefits out of their management 
activity. JFM in different states are governed differently.

2.2 Why efficiency of JFM is reducing in India?

JFM is now losing its shine and currency in India, and 
years after its purposive implementation, it is now debated 
that JFM has been failing to live up to the expectation 
of people due to not accommodating the democratic 
representation of the local people at various level of 
decision-making, and rather JFM has been reducing 
decision-making role of the communities (Sarin et al., 
2003). Second, the views of local community are kept 
aside or often excluded in decision-making processes, 
and the failure to recognize the legitimate interests of 
forest dependent people leads to conflicts that harm the 
long-term goal of JFM. Third, it is also argued that JFM 
fell into a trap of project-mode implementation to lure
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international funding and external assistance to support 
large JFM projects (Nayak, 2002). Fourth, in most 
of the states, JFM program is extremely dependent on 
government funding that raise many serious questions 
about its sustainability (Thampi, 2012). Fifth, there are 
government initiatives that provide a legal basis for 
participatory forestry, but the absence of a law recognising 
the management rights of the communities heighten their 
level of insecurity (Fisher, 2011). Sixth, participation 
of JFMCs in forest protection and management in India 
depends on government’s call (Thampi, 2012) and, 
seventh, many believe that JFM itself is not sufficient 
to address the complex and multi-dimensional nature 
of poverty among forest communities (MoEF, 2006). 
However, in spite of all these shortcomings, JFM being 
people-centric conservation efforts, is the principal forest 
management strategy in India today. But the challenge is 
now, how to empower the local communities to ensure 
that potential benefits from forest conservation accrue to 
them?

Conservation and livelihood are often found to be of 
contradicting goals and pose divergent problems. There 
is a conflict between conservation policies set by the 
state and the right of the people (Moeliono, 2006). Local 
community’s perception of problems of natural resource 
management and their priority is different from that of the 
external development agencies (Matta and Alavalapati, 
2006). Moreover, forests are complex, both as ecosystems 
and resources of diverse needs of the society and different 
stakeholders have different priorities and perceptions 
about forest management. Some have direct dependency 
on forests for fuel, food, fodder, medicines and building 
materials etc or simply as a source of income, while 
others are interested in conservation, because forests 
provide ecosystem services. Therefore, to fulfil the 
diverse needs of the society, we need divergent people to 
manage the forest. There has been some paradigm shift in 
forest management, now forest preservation has changed 
to a mode of sustainable utilisation of forest, and state 
controlled forest management is shifting towards shared 

forest management with involvement of communities 
and other stakeholders.

3. Why collaborative forest management (CFM) 
should be prioritized over JFM?

The question is whether poverty in poor region is high 
due to the social identity of its people being tribal and 
marginalised or whether poverty is more due to their 
forest dependency and physical isolation from the main 
land. This question was analysed in a case study of 
southern Orissa, one of the poorest regions of India, and 
it was found that the forest-based nature stands more of 
a significant reason than its tribal characteristics (Shah, 
2010). Forest-based economic initiatives at local-level 
requires technical and institutional innovations for 
local capacity building up, so as to manage resources 
sustainably through income generating activities (FAO, 
2011). In forest areas, massive demographic and land-use 
shifts are taking place because of migration, population 
growth, and urbanization. Therefore, for making living in 
the fast changing world, forest dependent people would 
require adoptive learning and multi-agency collaboration 
as a way to deal with uncertainty and complexity by 
sharing management power and responsibility (Fisher et 
al., 2007). Now, collaboration has taken root in national 
forest planning to provide expanded opportunities for 
stakeholder participation (Cheng and Mattor, 2006).

CFM is a partnership for natural resource management, 
involving local people as main stakeholders (Borrini-
Feyerabend et al., 2004). According to Carter et al. 
(2003); Recognition by local people that forests are 
being degraded and their willingness to involve with 
forest authorities are the prerequisites of CFM; Creating 
a workable partnership between key stakeholders to 
manage the forest is the basic concept of CFM; Ensuring 
sustainable use of forest resources to improve livelihood 
of involved people and to increase forest cover by 
expanding their participation are the goals for CFM, and; 
Increased awareness of participating agencies, adoptive 
planning, availability of service provider, collective 
conflict resolution, possibility of innovative adoption,
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collective approach and changed attitude of the local 
people and participating agencies are the essence of 
CFM. In addition, to make CFM a success, exchange 
of ideas and information between user groups and the 
government counterparts that provide technical support 
and advice is essential (Tesfaye et al., 2012).

Integration of different institutions with local community 
can better identify the hidden livelihood opportunity in 
different forest areas and their viable linkages can increase 
the confidence of local people by changing their attitude 
towards forest management. Attitude, which means the 
evaluative dimension of a concept (Ajzen and Fishbein, 
1977), is the major antecedent of people’s behaviour in 
relation to natural resources management (Tesfaye et 
al., 2012). In many studies, positive attitude of the local 
people correlated to their perception of benefits and costs 
in the context of community linked conservation efforts 
in Nepal (Mehta and Heinen, 2001) and India (Matta 
and Alavalapati, 2006). CFM is a dynamic approach 
for sustainable and equitable forest management that 
works in partnership with all stakeholders. Its transparent 
decision-making processes and judicious human and 
natural resource utilisation ensure diverse interests of 
many forest users.

Government policy initiatives to reduce poverty in 
forested area can be better realized through CFM, 
because it accommodates institutional linkages for multi 
governance to achieve better delivery of livelihood 
function of forest to their dependents. However, in 
contrary to CFM, JFM does not support a democratic 
way of work execution and depends largely on unilateral 
decisions of the state forest department (SFD). Secondly, 
it is mostly the degraded forests, which are designed for 
the local communities in a trend of “little trees for little 
people” (Warner, 2007) and do not provide any economic 
benefits to the forest communities or necessitates much 
effort to achieve it. Moreover, given the wide variation 
in resource position as well as in culture and terrains 
of the forest areas, community involvement in forest 
management is necessarily location-specific, so emphasis 
must be on carrying forward such programmes that are 

locally rooted and have worked well in the past (Planning 
Commission, 2012).

Many governments in developing countries have 
prioritized CFM over traditional forest management 
systems (Abdus Salam et al., 2006). Collaborations can 
also be legally mandated, e.g. National forest management 
act of United State requires involvement of public in 
all phases of forest planning (Selin and Chavez, 1995). 
However, enabling community participation in forest 
management and planning is a complex undertaking, 
it is complex because participation of local community 
unfolds a dense context of social, economic, political and 
cultural institutions and arrangements (Agrawal et al., 
2006).

4. Why and how small and medium forest-based 
enterprises (SMFEs) should be integrated with 
CFM to alleviate poverty?

NTFPs are natural products of SMFEs that serve a 
complementary role in household economy of poorer 
groups within the community (Falconer 1990; Arnold 
and Ruiz-Perez, 1998) and their roles become more 
critical when other incomes are low. There is a strong 
link between poverty and dependence on NTFPs, and 
since NTFPs diversify the income sources of poor 
people, they are more important for low-income groups 
than to high-income people (Jodha 1986; Hecht et al., 
1988; Pimentel et al., 1997). Further, NTFPs production 
rarely competes with important agricultural activities, 
because they are usually collected in lean period when 
labour requirement for agriculture is comparatively low 
(Belcher and Kusters, 2004). Benefits of the SMFEs not 
only accrue to its gatherers, but intermediaries are also 
benefited through different market linkages. Neuman and 
Hirsch (2000) elaborated three main reasons why SMFEs 
can be an important economic strategy for poor people: 
One, it requires low capital investment; two, tropical 
forests that are the most important supplier of NTFPs are 
often occupied by the poorest segments of the society; and 
three, in most cases, those forest dwellers do not have any 
alternative sources of income. In most of the developing 
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countries, SMFEs employ millions of the poor people that 
often make 80-90 per cent of the total enterprise numbers 
and creates more than 50 per cent of forest-related jobs 
(Hobley, 2008). NTFPs provide about 40 % of the total 
forest revenues and share 55 % of the total forest based 
employment in forested area (Prasad, 2006). According 
to an estimate, women and children gather 67 % and 
13 % of the total NTFPs, respectively that provides 
20-24 % of their total household income (Thampi, 2012).

SMFEs play a critical role in community forestry and 
offer high potential for poverty reduction than large 
forestry industries. Even though throughout the world, 
SMFEs have been both overlooked and poorly regulated 
by governments and despite to growing importance of 
NTFPs in poverty reduction, there is no institutional 
mechanism that has the approach, reach or the capacity 
to take a long-term view of the sector (FAO, 2012 a). 
Moreover, SMFEs seldom assume a priority in forestry 
sector or in economic development policies (MacQueen, 
2008). What the primary gatherers of NTFPs are getting 
today, is a very small fraction of the total potential value 
embedded in NTFPs (Planning Commission, 2012).

The NTFPs sector is suffering from a host of problems, 
such as poor returns to its gatherers, market distortions, 
low technology, and institutional inadequacy (Thampi, 
2012).  Inappropriate policies have not only led to 
over-exploitation of species in the wild, but have 
also reduced the benefits and generated new forms of 
inequality. Existing NTFPs legislation and policies is 
a complex and confusing mix of measures developed 
over a long period with poor coherence and coordination 
(FAO, 2011). Further, recent studies on NTFPs harvest 
and trade have suggested that NTFPs as a major source 
of income can be a little bit problematic business and the 
prominent reasons cited for, are: markets are frequently 
unstable (Padoch, 1992); both locally and regionally, 
trade is often controlled by the elite (Ribot, 2000); access 
to NTFPs is socially mediated and inequitable (Kumar, 
2002); most NTFPs occur at low densities (LaFrankie, 
1994); their  potential for trade is usually low with only 
a few species  being traded (Saw et al.,1991); NTFPs 

collection suppresses forest regeneration (Momberg et 
al., 2000); and have more adverse ecological effects than 
expected (Padoch, 1992) and also fetches low economic 
returns (Godoy et al., 1995). Therefore, to derive potential 
livelihood functions of commercial NTFPs, integration of 
multiple agencies to manage forest resources is a crucial 
requirement.

Sustainable SMFEs can bring about positive economic, 
social, and environmental impacts by making significant 
contribution to economic development (FAO, 2011). 
Some major characteristics of SMFEs include; by nature, 
they are location specific, so their adoption should be 
based on the availability of resource, labour, and markets; 
these seasonal enterprises are mostly small, often 
household-based, and predominantly rural and use simple 
technologies that require more labour but low capital 
investment; SMFEs are easily accessible to low-income 
and socially disadvantaged groups of people, especially 
women and provide an impetus to the local economy; 
SMFEs have certain micro-economic characteristics that 
generate a ‘multiplier effect’ to increase its economic 
benefits in rural economies by promoting domestic 
consumptions that improve terms of trade (Elson, 2010); 
many rural people who develop SMFEs may eventually 
use their surplus income for better health and education 
besides increased participation in social and political 
activities. Communities that grow economically tend to 
be more active in political decision-making.

5. Forest insect industry (FII) and its emerging role 
in poverty alleviation and forest management

In recent years, numerous actions for sustainable 
exploitation of forest resources have been undertaken 
(Muafor et al., 2012), but only a few actions deal with 
commercialisation of forest insect (De Foliart, 1992). Most 
studies on tropical forest insects focus on their distribution, 
abundance and the environmental goods and services they 
provide to humans (Barbault, 1995; Hunter, 1999). Many 
people and some forest managers still consider insects 
mainly as a pest; however, they tend a bit less aware of 
the poverty alleviation potential of commercial forest
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insects. Forest insect industry (FII) is a labour-intensive 
activity to achieve significant socio-economical benefits 
and does not require any major capital investment or land 
ownership. FII is more suitable for women and children 
living in forest fringe areas and in the buffer zones around 
protected forests. Several tree based insect products viz., 
silk, honey, wax, lac, dyes, manna, etc. can be linked and 
commercialised with forest conservation activities in 
many developing countries to provide livelihood services 
of different economic scales to forest dependent people, 
even in deep tribal helmet. 

Many forest insects are popular foods in different cultures 
all over the world, but only a few are commercialized 
(de Beer and McDermott, 1996). Moreover, women and 
children mostly collect all the insects consumed by humans 
from forest (FAO, 2012 b). In Sub-Saharan Africa, edible 
insects and their trades make significant contribution to 
the livelihood earnings of many forest dependent people 
(Vantomme et al., 2004). The most commonly eaten forms 
of insects are larvae and pupae and about 1700 insect 
species are reported to be used as human food (Johnson, 
2010). Coleopterans, Hymenopterans, Orthopterans and 
Lepidopterans account for more than eighty per cent of 
the total edible forest insect species, worldwide (Ramos-
Elorduy et al., 1997). Apart from the contribution of 
forest insects in food security, investigations have 
indicated that they contribute significantly to livelihoods 
earnings in both rural and urban areas (Stack et al., 2003). 
Forest insect collection, their processing, transporting 
and marketing provides many business opportunities 
to an undetermined number of poor people around the 
world (Johnson, 2010). In Central Africa, caterpillar of 
Imbrasia species that feeds on the leaves of sapele tree, 
Entandrophragma cylindricum are dried and sold for up 
to US$14 per kg (Vantomme et al., 2004).

In southwest  Cameroon, many forest dwellers 
are engaged in commercial beetle collection from 
different forest trees viz., Vernonia amygdalina 
Delile, Vernonia conferta Benth, Carapa grandifolia 
Sprague and Nobotonia mannii Benth and are earning 
a complementary household income by beetles trading 

through intermediaries led marketing chain, which are 
further exported to Europe, Asia and America, through 
internet business negotiations. Among all forest beetles, 
white forms of Goliathus goliatus, Fornasiero spartacus 
and blue Stephenocrates preussi are the most expensive 
specimens that attract very high pricing. Forest beetle 
collection has a nominal impact on forests insect ecology, 
because most often they are collected on a very small 
scale (Muafor et al., 2012).

Further, in Papua New Guinea (PNG), the Queen 
Alexandra’s birdwing butterfly (Ornithoptera alexandrae) 
is exploited for the rural household income. The Papua 
New Guinean government has created an Insect Farming 
and Trading Agency (IFTA) that controls its conservation 
and trading and assures livelihood delivery of this forest 
insect to the local people. The caterpillars of birdwing 
butterfly feed only on  Aristolochia diehlsiana vines found 
in lowland rainforest of northern PNG. Dead specimens 
in good condition command more than US$2000. IFTA’s 
yearly sales is about US$400,000 worth of insects to 
collectors, scientists, and artists around the world and 
generates substantial livelihood earnings for the poor 
people. In PNG, the Queen Alexandra’s bird wing 
butterfly has acted as a flagship insect species for forest 
conservation and has been attracting external funding 
for maintenance and establishment of forest reserves. In 
PNG, the local people have now learned the significance 
of maintaining the forests to increase their household 
incomes (Cranston, 2009) and have generated a viable 
model of participatory forest management through FII.

The mopane worms (MWs), or edible larvae of Saturniid 
moth, Imbrasis beilina are another forest insect species 
of mopane woodland in the southern Zimbabwe, 
Botswana, and the northern Transvaal, which is collected 
from Colophosperum mopane tree to supplement 
the income of forest dependent people (Bradley and 
Dewes, 1993). Stack et al., 2003 analysed the livelihood 
function of MWs in Southern Africa and found that 
that all categories of households in Zimbabwe, except 
religious groups, takes advantage of MW collection as 
a free forest resource. Normally, MWs are collected by 
women and are used as food or sold for cash income to
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pay school fees or to purchase small items like kitchen 
utensils and clothing. Their livelihood analysis suggested 
the need for a technical and institutional innovation in 
mopane harvesting and trading to maximise its poverty 
reducing efficiency in different forest areas of Africa.

In Java, Indonesia, larvae and pupae of Asian weaver ant, 
Oecophylla smaragdina (Hymenoptera: Formicidae), 
which is called ‘Kroto’, is collected by the poor people 
from Archidendron paucifloruma, Artocarpus spp., 
Mangifera indica, Lansium domesticum, Nephelium spp., 
Syzygium aqueum, Tectona grandis, etc. throughout the 
year for additional income. Kroto is used as songbird 
food and fishing bait, and in Jakarta, which is the main 
outlet for kroto in West Java, about 100 kg of kroto 
are sold every day (Holldobler, 1983). In Thailand 
and Philippines, larvae and pupae of O. smaragdina 
ants are eaten (Cesard, 2004) and in Bastar region of 
Chhattisgarh, India, its larvae are used as medicine for 
treatment of rheumatism and stomach infections (Oudhia, 
1998). In addition to livelihood and medicinal function, 
O. smaragdina is also used as a natural control agent 
against insect pests of many tropical crops. Commercial 
collection of O. smaragdina does not affect its species 
richness in the natural forest, because ants have a quick 
population recovery that is normally completed in 17-24 
days (Paimin and Paimin, 2001).

Further, in northeast Thailand, around 3000 poor 
families are engaged in rearing of house crickets, Acheta 
domesticus, as a sideline business activity, which is 
providing an  year round income of US$130 to US$1600 
a month per family. Farmed crickets are exported to 
cricket-consuming nations like Laos and Cambodia and 
are sold in city markets of Bangkok to earn livelihood by 
poor people (Johnson, 2010).

In addition, bamboo borer caterpillar, Omphisa 
fuscidentalis;  sago grubs, Rhynchophorus ferrugineus; 
grasshoppers, Acrydium spp.; dung beetles, Heliocopris 
bucephalus; vespa wasps, Vespa spp.; silkworm species 
viz., Samia cynthia, Antheraea proyeli, A. assama etc. are 

the other important forest insects, which are collected by 
poor for food or for trade to earn cash income in different 
world regions. Location specific Forest Insec Industries 
can safely be integrated with CFM as a livelihood 
component to alleviate poverty in many developing 
countries.

6. India specific forest insect industry and their 
livelihood delivery under CFM

Commercial forest insects and their products have been 
traditionally associated with many tribal communities in 
India as a part time livelihood activity that provides a 
substantial source of seasonal earnings for many people 
in forested area. However, throughout India, forest insect 
industry has neither been linked with any large-scale 
forest management activity nor it has been tried as a 
forest conservation strategy to reduce poverty in forested 
area. Moreover, most of the forest managers don’t take 
required steps about manipulation of forest vegetation or 
harvest practices to maximize or sustain the population 
of forest insect to derive their livelihood function.

State forest department (SFD) may take initiatives to link 
FII with forest dependent communities along with different 
institutional linkages to devise a workable model of 
adoptive collaborative forest management system. Forest 
managers can choose FII as one of the strategic priorities 
to increase contribution of forest to improve earnings of 
poor people in forested area and concomitantly foster its 
impact on shared forest management. In addition, owing 
to inconsistent livelihood delivery of many traditional 
NTFPs in India, FII can be a better livelihood option 
rather than sole reliance on NTFPs and commercialization 
of forest-based insect enterprises can add employment 
opportunities for bulging youth population in rural India, 
especially hilly inhabitation in Himalayas.

Among many forest insects, wild silkworms, 
forest honeybees, and lac insects have great 
promise in CFM. A brief account on how these 
FIIs can be a beneficial adaptation in various 
geographical regions of India is provided as under:
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6.1. Integration of forest based sericulture (FBS) 
with CFM to reduce poverty in forest area

Natural Silk, a protein fibre drawn out of silkworm 
cocoon marks class and excellence to rich people but for 
poor families who rear the silkworms and the reelers and 
weavers who finish it into eco-friendly textiles, silk means 
- a natural source of livelihood.  According to Yokoyama 
(1963), the term, “Sericulture” is used to denote both 
the industry concerned with silkworm rearing and the 
science, which provides technical basis for the industry. 
Commercial silk producing insects of order Lepidoptera 
are classified into mulberry and non-mulberry section. 
In India, non-mulberry or wild silk is called Vanya Silk 
that includes tropical tasar or Indian tasar silkworm, 
Antheraea mylitta Drury, temperate oak tasar silkworm, 
Antheraea proyeli J., muga silkworm, Antheraea assama 
Ww and wild eri silkworm, Samia cynthia Drury. All the 
Vanya silkworm species are polyphagous where tasar 
and muga silkworms are reared outdoor on different 
forest tree species, but mulberry and eri silkworms are 
reared indoor. India, owing to immense climatic diversity 
coupled with wide-ranging ecological habitats, produces 
all the five varieties of silk, where tropical tasar and muga 
silkworms are prerogative to India (Jolly et al., 1979). 
Geographically, Asia is the main producer of silk that 
shares over 95 % of the total global output.

Among all Forest Insect Industries in India, forest-based 
sericulture is the largest human-insect interaction in terms 
of associated insect and forest tree species and number 
of poor families linked with and the forest area that it 
relates. Silkworm larvae are reared or grown naturally 
in an ecological interaction on different forest trees in 
or outside the natural forest. Production process of FBS 
is divided into pre and post-cocoon sectors. Pre-cocoon 
sector is forest-based and on-farm activity dealing with 
the protection and management of the forest host tree 
species for silkworm-rearing activity to produce cocoons  
for raw silk production, whereas reeling, spinning (yarn 
production from cocoon), and weaving comprise the 
post-cocoon and off-farm activity. On the demand and 
supply front, India is the second largest producer of 
silk in the world next to China (68600 MT) and shares 

32.83 % (35820 MT) of the global raw silk production 
(109111 MT) (ISC, 2021). The global silk market 
is projected to be valued at USD 16.94 billion by 
2021, at a compound annual growth rate (CAGR) of 
7.8 % from 2016 to 2021, but the country continues 
to import no less than 6,000 Tonnes of silk every year 
from China (The Hindu, 2017). In 2018-19, mulberry 
silk contributed 70.46 % (25,239 MT) and Vanya silk, 
29.54  % (10,581 MT) of the total raw silk production  
(CSB, 2020). Among different vanya silks varieties, 
eri, tasar and muga silkworms accounted for 68.1 % 
(7204 MT), 29.65 % (3136.40 MT), and 2.27 %  
(240.50 MT), respectively. In comparison to 2018-19, the 
highest growth of 5.22 % (155.8 MT) was recorded in 
tasar sector, followed by 4.26  % (294.4 MT) in eri, and  
3.04 % (7.1 MT) in muga silk sector during 2019-20 
and the overall progress of vanya silk was 4.52 % 
(457.30 MT) during the last year.  Projected growth of 
raw silk production in India is about 4.5 % for 2010-2015 
and 5.0 % for 2015-20 and domestic demand is expected 
to grow by 3.5 % and 4.0 % during the corresponding 
period (NFP, 2011).

In India, FBS can be an ideal livelihood avenue for forest 
dwellers due to its low gestation and high economic 
return feature and can provide vibrancy to rural economy 
by satisfying the equity concern of tribal women in 
their society (CSB, 2012). However, shrinkage of forest 
property in wake of man induced destructive proportion 
of utilizing natural resources has slowly been paralyzing 
the efficiency of several nature based man’s occupation, 
and Forest Insect Industry (FII) is not an exception. 
Efficiency of FBS can be enhanced by training the 
forest communities in skills necessary for scientific 
rearing of different forest silkworm species. State Forest 
Department can link JFMCs with State Department of 
Sericulture (DOS) for transfer of technology (ToT) 
and to seek other extension support and; Central Silk 
Board (CSB7) for location specific R&D, extending 
training support through Regional Training and Research 
Stations (RTRS) and supply of silkworm seed through 
National Silkworm Seed Organization (NSSO) of CSB 
that manages seed production and co-ordinate silkworm
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seed demand and supply at national level. Involvement of 
credible NGOs is also necessary to ensure fare marketing 
of cocoon or finished yarn on competitive prices through 
viable market linkages; because, in Vanya Silk Sector, 
there is no competitive marketing like mulberry sector, 
and State operated marketing agencies are some time 
blamed for institutional corruptions.   Therefore, SFD, 
DOS, CSB, and NGOs can work together as a coherent 
entity to promote an effective model of CFM for unified 
goal of managing the forest for well-being of the poor 
people in forest areas of the country.

Relevant details of potential forest silkworm species are 
discussed below.

6.1.1. Tropical tasar silkworm,  A. mylitta Drury

Forest rearing of A. mylitta D. uniquely suits to the 
forest dwellers in India and being a treasured tradition, 
it constitutes a way of tribal’s life in tropical forest area 
of Bihar, Jharkhand, Chhattisgarh, Madhya Pradesh, 
Orissa and touching the fringes of West Bengal, Andhra 
Pradesh, Uttar Pradesh and Maharashtra (CSB, 2012).  
Antheraea species have built up different forms of 
ecological population called eco race in all tropical moist 
deciduous, semi evergreens, dry deciduous and tropical 
dry deciduous forests in India ( Rao, 2001) and 64 
ecoraces have been recorded (Rao et al., 2003). Among 
different ecoraces, Daba of Chota Nagpur plateau in 
eastern India, Raily of district Bastar in Chhattisgarh 
state, Sukinda and Bogai of Odisha, Sarihan and Laria of 
Jharkhand, Bhandara of Maharashtra and Andhra local in 
Andhra Pradesh are the important commercial ecoraces 
of A. mylitta D. (Rao et al., 2003). 

In nature, A. mylitta D. is found on 45 different  forest 
tree species being primary, secondary, and tertiary host 
tree species. However, Shorea robusta Roxb., Terminalia 
arjuna Bedd., T. tomentosa W.&A., Lagerstroemia  
parviflora Roxb., L. speciosa Pers., T. chebula Retz., 
T.  belerica Gaertn. and Anogeissus latifolia Wall. are 
the main host tree species (Suryanarayana et al., 2005) 
that are distributed in tropical and sub tropical forests of 

India. Egg, larva, pupa, and adult are the four stages of 
 A. mylitta D. Larval period varies from 30-35 days in first 
crop (July-Aug), 40-45 days in second crop (Sept-Oct), 
and 50- 60 days in third crop (Nov-Jan). In addition to 
forest rearing, A. mylitta D also thrive naturally and tribal 
people collect cocoons in January when they are easily 
seen on leafless trees. One family can at least earn  i13000 
per annum through cultivation of tropical tasar silkworm 
in the forest (MoEF, 2004), and if integrated package 
of rearing is followed, this earning can be increased to  
i21937 (Srivastav and Thangavelu, 2005). A. mylitta D. 
produces high quality natural silk that has some peerless 
qualities viz., controlling blood cholesterol, antibacterial 
functions, and UV absorption properties (Akai, 1998).  
Huge availability of Vanya silkworm’s host trees (131.48 
lakh ha) and large number of associated tribal families 
(2.35 lakh) can provide an effective base for community 
based CFM in India, however, presently, 95 % of the total 
forest tasar flora (11.16 m ha) is still unexploited in India 
(Ojha and Panday, 2004), which constitute a huge scope 
for tropical tasar linked CFM in India.

6.1.2. Temperate oak tasar silkworm, A. proyeli J.

Temperate oak tasar silkworms, A. proyeli J., A. frithi, 
and A. compta that feed on different species of oak viz., 
Quercus serrata, Q. dealbata, Q. griffithii, Q. incana, 
Q. himalayana and Q. semecarpifolia (Singh and Singh, 
1998) produce finer variety of tasar silk. In India, oak 
tasar silkworm rearing started in 1970s, when A. proyeli 
J. was evolved by crossing A. roylei of India and A. pernyi 
of China. Oak forests (2.5 m ha) in India are distributed 
along the western sub-Himalayan range at 700-1500 m 
in  Uttarakhand, Himachal Pradesh, Jammu and Kashmir, 
West Bengal, Manipur, Meghalaya, Sikkim, Assam, 
Arunachal Pradesh, Mizoram and Nagaland (Jolly, 1970), 
but only 1 % of the total oak forests are being used for 
rearing of oak tasar silkworms (Singh and Mishra, 2003).

In north-eastern states of India, rearing of oak silkworm 
is the major Forest Insect Industry that play a crucial 
role in its rural economy (Unni et al., 2009) and 
on an average, a farmer gets  i4598.00 per annum
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(Kant et al., 2004). Paucity of superior quality silkworm 
seed and lack of adequate extension support are the main 
constraint for development of oak tasar in India that is 
still in infancy and hence, requires some concrete actions 
from SFD to link forest dwellers with DOS, CSB, and 
credible NGOs to increase its commercial viability. 
Oak dominating forests in India can generate livelihood 
opportunity for 1.5 lakh poor people and thus arrest their 
migration from sub Himalayan region.

6.1.3 Muga silkworm, A. assama Ww.

A. assama Ww. is a semi domesticated multivoltine forest 
silkworm species endemic to north-east India and Indo-
Burma region (Ahmed et al., 1998; Hazarika et al. 1998). 
Muga silkworms produce attractive golden hue silk 
that is famous for its lustre, UV resistance, and tensile 
strength properties. After A. yamamai, the Japanese tasar 
silkworm, muga silk is the second most expensive silk 
in the world. In the entire world, muga silkworms are 
confined only to the natural forest in Brahmaputra valley 
of Assam and foothills of east Meghalaya and about 
30000 families are engaged in muga culture. Primary 
host trees of A. assama Ww. include Litsea polyantha, 
L. citrata and Machilus bombycina, whereas L. 
salicifolia, Cinnamomum glaucescens, C. glanduliferum, 
Actinodaphne obovata, Michelia champaca, Magnolia 
sphenocarpa, Zanthoxylum rhetsa, Gmelia arborea, 
Celastrus monosperma and Actinodaphne angustifolia 
are the secondary host trees. When A. assama Ww. 
feeds on Mejankari (Listaea citrata) leaves, it produces 
a special kind of silk, known as mejankari silk, which, 
is admired for its durability, lustre, and creamish white 
shade (Jolly et al., 1974). Life cycle of A. assama Ww. 
lasts for 40-50 days in summer and 110-120 days in 
winter, and normally 4-5 crops arc taken in an year. The 
average holding of muga plantation by a farmer in Assam 
is less than half an acre, but it is intact as such since last 
20 years (Chakravorty, 2004).

Literature survey indicates that L. monopetala, a primary 
food plant of A. assama Ww. is uniformly distributed 
throughout Uttarakhand state at 800-2700 m. Khatri et 

al. (2004) have conducted experimental rearings of A. 
assama Ww. and harvested 3470 cocoons from 100 DFLs 
(one disease free laying contains about 200 eggs). This 
study indicates that A. assama Ww. can be promoted by 
SFD through institutional linkages with DOS, CSB and 
NGOs in Uttarakhand state also where, only 14.02 % of 
the total reported area (53 485 km2) is under agriculture 
and majority of the people are forest dependent. Muga 
silkworm rearing is very remunerative and a farmer can 
earn  i37500 from 150 trees by conducting two crops 
in an year. This income can be doubled, if cocoons are 
converted into yarns (Singh and Sinha, 2000).

6.1.4 Eri silkworm, Samia cynthia Drury

Wild eri silkworm, Samia cynthia D. syn. Philosamia 
cynthia Grote is a univoltine or bivoltine wild silkworm 
found on different forest tree species viz., Heteropanax 
fragrans, Manihot utilissima and Evodia fragrance in 
Assam, Manipur, Bihar, West Bengal, Odisha, Andhra 
Pradesh and Karnataka, and 1.5 lakh poor families are 
engaged in eri sector. Ericulture in north-eastern states of 
India is mainly practiced for protein rich pupae; a delicacy 
for the tribals, and the silk produced is treated as by-product.

Eri silkworm is the only wild silkworm that is 
domesticated indoor up to an altitude of 1525 m and 
larval period lasts for 30-35 days. Host tree leaves are 
hung over the tray, where larvae climb and feed on 
the leaves. Cocoon filament of eri silkworm is neither 
continuous nor uniform in thickness, that is why it is only 
hand reeled and produced silk is used indigenously for 
preparation of chaddars (wraps) by the tribals. Eri silk 
can be blended with cotton, wool, jute, or mulberry silk 
for jackets, suiting materials, furnishings, etc. Owing 
to polyphagous nature, hardy breed characteristics and 
indoor nature of rearing, eri silkworm rearing can be 
integrated with CFM all over India.

6.1.5. Forest based sericulture and Indian Forest 
(Conservation) Act, 1980

Recognising the role of FBS in livelihood support to the
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poor families and its contribution towards forest 
conservation, Government of India issued guidelines 
for vanya silkworm rearing under Forest (Conservation) 
Act, 1980. According to this ruling, plantation of forest 
trees on which vanya silkworms could be reared, without 
undertaking a monoculture plantation shall be traded as 
forestry activity and no prior permission of the Central 
Government under Forests (Conservation) Act, 1980 is 
required provided that such plantation should not involve 
any felling of the trees and while undertaking such 
plantations, at least three species should be planted, of 
which no single species shall cover more than 50 % of 
the total planted area (MoEF, 2004).

6.1.6 Forest silkworm and forest ecosystem

In FBS, silk products are anthropogenic utilization of 
ecological interactions between wild silkworms and 
their host trees. Insect eating green tree leaves in forest 
is an integral part of forest ecosystem. Population 
build-up of insect is regulated by biotic, abiotic, 
density dependent, and density independent factors, 
and if natural regulatory mechanisms like parasites, 
predators and pathogens are active, insects do not attain 
the status of pests and their population remains below 
economic injury level (EIL). There is no record that 
any saturniid has ever caused an outbreak in forest. 
Functionally, annual primary production is an indicator 
of healthy forest ecosystem and forest productivity is the 
function of leaf area index (LAI). However, relationship 
between LAI and photosynthesis is not linear, because due 
to self-shading, some leaves of the tree canopy receive so 
little light that their rate of respiration exceeds the rate of 
photosynthesis that declines the function of net primary 
production against LAI. High leaf availability and 
corresponding increase in gross photosynthesis at high leaf 
area index is offset by increased respiration (Odum, 1975).

Silkworms are reared on forest host trees in small compact 
patches at outskirts of the forests once a year for 30-60 
days and the host trees suffer a temporary photosynthetic 
loss, but the total production of forest stand is not likely 
to be affected. The foliage loss after silkworm feeding 

allows understory trees and other ground flora to get much 
light that compensates temporary photosynthetic loss of 
partially defoliated host trees by forest silkworm species. 
Since the secondary foliage grows in 30-45 days after 
silkworms’ feeding, it compensates not only the foliage 
loss but also in exceeding the total LAI in comparison to 
un-damaged trees. The secondary foliage being thinner 
than the primary foliage has better photosynthetic 
efficiency in comparison to the older leaves that were 
consumed by the silkworms. Further, the increased 
longevity of newly grown leaves on silkworm fed trees 
extends the usual leaf fall period and this extended period 
of leaf on crown provides a positive photosynthetic gain 
to the host tree. Therefore, as far as the foliage loss is 
concerned, new foliage offsets it and apparently, no loss 
takes place in annual primary production of forest due 
to silkworm feeding. Moreover, the roots of host trees 
grow more vigorously by utilising increased nutrient 
contents due to enhanced microbial activity on larval 
faecal materials at the forest floor. Vanya silkworms are 
forest insects and have no adverse effect on growth and 
increment of the forest (Bhandari, 2003).

6.2. Integration of forest based apiculture (FBA) as 
a livelihood component in CFM

Honeybees are important pollinators that ensure 
functioning of many ecosystems. According to FAO 
(2009), honeybees pollinate one third of all the plant 
products consumed by the humans. In US, Berenbaum 
(2007) estimated that bees pollinate over 90 crops 
for a value of more than US$15 billion in an year. All 
the four species of honeybees viz., Apis cerana, A. 
mellifera, A. florea and A. dorsata are found in India, 
however the major portion of honey is contributed by 
forest bee, A. dorsata (Sivaram et al., 1993), but the 
commercial exploitation of forest bee is very limited 
(Sivaram and Anita, 2000). In forest, A. dorsata build 
single comb attached to the branches of many forest 
tree species and their nests are up to one meter wide 
(Rouquerte, 1995). It is estimated that around two 
million A. dorsata colonies are available in forests all 
over India (Thomas et al., 2001) that can be exploited to
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create an additional income for forest dependent people.

Beekeeping is not a labour-intensive activity and can 
easily be accommodated in the daily routine of the forest 
dependent people. Bee keeping has high earning potential 
where one can earn e1.7 lakh from 100 bee colonies 
@ 20.11 kg honey per hive and according to Sivaram 
(2012), if these colonies are put under diversification 
plan, this profit can be further increased up to 
e3.19 lakh per year. Beeswax is twice costlier than 
honey; bee-collected pollen, propolis, bee-venom, and 
royal jelly are several times costlier than beeswax; and 
all these are in great market demand. Honey can be easily 
stored, sold, or consumed in the times of need.

Forests are known to provide organic honey, nectar, 
pollen, and propolis of high quality without any 
insecticidal residue that can be sold at premium prices 
in western markets through viable market linkages under 
CFM. In India, forest dependent people apply a very 
crude and destructive method of honey hunting to earn 
their livelihood and contribute 45.85 % of the total honey 
production (85000 MT) (Sivaram, 2012). They crush and 
squeeze the comb along with larvae and pollen grain that 
makes honey turbid and fetch low market price. Thus, 40-
50 % forest bees discontinue their breeding cycles every 
year due to unscientific honey harvesting. Sometimes the 
honey hunters use fire to facilitate honey collection that 
may constitute a source of forest fire. So, proper training 
to forest honey hunters may enable safe honey extraction 
from forest.

FBA can be promoted through collective action of SFD, 
JMFCs, FRI (Forest Research Institutes), and NBB 
(National Bee Board) in an adoptive CFM module, 
where forestry people and apiculture scientists can work 
together for safe honey extraction in forestry sector. FBA 
can increase the customary use of forest resources for 
equitable benefits sharing that can further contribute to 
forest conservation and poverty alleviation in forested 
area of the country. The important areas of interventions 
are - capacity building for improved honey production, 
adoption of improved technologies for migratory bee 

keeping, nucleus stock maintenance, processing, and 
quality control of bee products.  Further, beekeeping can 
also be introduced as a special scheme in reforestation 
programmes by paying special attention to use native 
melliferous forest tree species to provide a rich and 
varied source of nectar and pollen for forest honeybees. 
Secondly, bee-reserves can be stablished with exclusive 
access for beekeepers, as has already been done in United 
Republic of Tanzania (MNRT, 1998).

6.3. Integration of forest based lac culture (FLC) in 
CFM to alleviate poverty in tropical India

Lac is the only known commercial resin of animal origin 
secreted by female scale insect Laccifer lacca Kerr 
(Hemiptera: Lacciferidae). Lac is an eco-friendly non-
toxic product that has many industrial applications, like 
natural dye, oil painting, candy coatings, leather finishing, 
electrical insulation, glue for glass and metals, hair spray, 
coating of pills and processed food etc. Stick lac, seed 
lac, shellac, button lac, garnet lac and bleached lac are 
the different forms of the lac. India is the principal lac 
producing country in the world, with 20,000 metric tones 
of raw lac produced annually, which fulfils 60 % of the 
world demand. In India, Jharkhand, Chhattisgarh, West 
Bengal, Uttar Pradesh, Madhya Pradesh, Maharashtra, 
Bihar, and Odisha are the major lac producing states that 
contribute 90 % of the total lac production.

Lac insects are reared on Butea monosperma, Ziziphus 
mauritiana, Schleichera oleosa, Acacia catechu, A. 
arabica and A. auriculiformis, which can be raised and 
utilized for rearing within 5-6 years of plantation. Like 
forest silkworms, lac insects are also a pest on their host 
trees, but they enjoy a privilege for not being treated 
as pest, because insect’s damage is temporary and 
provides money to poor people. Six months duration 
of life cycle of lac insect passes through egg, nymph, 
pupa, and adult stages. Crimson-red first instar nymph 
called crawlers start secreting resin from the glands 
distributed under cuticle, throughout the body, except 
mouthparts, breathing spiracles, and anus. The resin 
secreted is semi-solid that hardens on exposure to air
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into a protective covering. After life cycle is completed 
and next generation is about to begin, the resin encrusted 
branches are scraped off, dried, and processed for various 
lac products. A portion of brood lac is retained for the 
purpose of inoculation to new trees. To produce1.0 kg of 
lac resin, around 300,000 lac insects give up their life.

Lac cultivation is simple that does not require any large 
investment and needs only part-time attention. The mean 
lac productivity varies from 1-10 kg per tree depending 
on host tree species and climatic conditions. Average net 
profit from one tree is e109 for B. monosperma, e202 to 
1060 for Z. mauritiana, and e1320 for S. oleosa per crop 
cycle (Sharma et al., 2006). Lac cultivation is an important 
source of livelihood earnings for many forest dependent 
people and also helps to protect forest and improves 
biodiversity. In some cases, its contribution can be as high 
as 30-55 % to the total annual cash flows (CSTRD, 2012) 
and in  Jharkhand, 20-38 % of total income of poor tribals 
are contributed by lac cultivation (Sharma et al., 2006).

Transfer of technology (ToT) to deep tribal areas and timely 
supply of the superior quality brood lacs are the important 
interventions to augment lac production in India; and this 
can be ensured through institutional linkage of JFMCs 
with lac related R&D institute i.e., Indian Lac Research 
Institute, Ranchi. Presently, only 15 % of the available 
lac host trees are being utilized for lac cultivation, so 
there is a vast potential for lac linked CFM in India.

6.4. Forest insect industry and insect biodiversity

Insects constitute more than fifty per cent of total bio- 
diversity in tropical forests (Novotny et al., 2006) and have 
enormous economic value in terms of ecological services 
they provide to humans. In a study, the total annual value 
of insects’ services in United State amounted to more than 
US$ 57 billion (Losey and Vaughan, 2006), and if such a 
study is extended to entire world, the total value of insect 
services would be staggering. In comparison to the most 
temperate ecosystems, tropical forests are characterized 
by extraordinarily high insect diversity (Godfray et al., 
1999; Novotny et al., 2002) and their rate of degradation 

and destruction are higher than any other biome (Sala 
et al., 2000). Combination of these two facts indicates 
that the potential loss of insect diversity in tropical 
forests through anthropogenic actions is enormous.

Diversity in the life style of an insect shows its capacity 
to adjust in different ecological conditions. For example, 
biodiversity of tasar silkworm reveals its potentiality 
and the genetic adaptability through interaction with 
environment to struggle and sustain in varying ecological 
niches. Overall, forest insect industry  has a favourable 
impact on the conservation of insect in tropical forest 
and woodland. For example, Holden (1991) observed a 
reduced frequency of bushfires in caterpillar harvesting 
areas of Zambia, and villagers sought to protect the 
sustainability of insect populations in natural forests. It 
is also reported that a few edible insects enhance their 
habitat in specific ways, e.g. leaf-cutter ants in South 
America cultivate fungus gardens that convert cellulose 
into carbohydrates and in Africa, termites increase local 
plant species diversity, because some plants can only 
grow on termite mounds (De Foliart, 1997). Forest 
insect industry  promotes conservation of insects in 
forest ecosystem by maintaining and encouraging 
the forest reserves by utilising the forest buffer zone 
and, FII also helps in maintaining the heterogeneity of 
landscape by promoting the concept of land sparing 
outside the forest reserves area (Samways, 2007).

7. Why to accommodate forest insect industry in 
CFM

7.1. Improved incentives encourage participation of 
local people in CFM

Forest insect industry has tremendous potential to  
contribute in household income of many forest dwellers 
in developing country, but to link conservation 
with livelihoods requires an implementation 
model. Incentive linked conservation model acts 
as driving force for conservation and encourages 
the local communities to participate in forest 
management by providing them a direct stake in 
conservation efforts (Salafsky and Wollenberg, 2000).
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Such incentives become most attractive, when they 
are derived from sustainable use of forest biodiversity 
without threatening its resource base. Forest insect 
industry  is a good option to realise these benefits, 
because it gives quick rewards and use renewable forest 
resources. Second, FII is technically simple and easily 
adoptable. Third, it encourages women participation and 
does not produce any chemical effluents in the whole 
production process. Fourth, FII can serve a safety net 
function by creating employment for the rural people to 
avoid poverty, whereas some of the poor people may grow 
out of poverty through continuous household earnings.

7.2. Institutional linkages may encourage multi-
governance mechanism under CFM

Community based conservation is conceived and 
implemented only at the local level and community 
institutions are only one layer in a multi-level world 
(Berkes et al., 2006), however, local community can be 
used as an abridged label for decentralized governance 
that starts from ground level. Institutional linkages 
between communities for multi-level governance 
is an important aspect for co-management, because 
such linkages provide ways to deal with governance 
(Kooiman, 2003); have multiple objectives (Brown 
et al., 2005) and deliver multiple knowledge systems 
to create a network for learning and execute joint 
problem solving (Carlsson and Berkes, 2005).

7.3. CFM encourages democratic way of functioning

Integrating the goals of forest conservation with livelihood 
requires capacity building, which can effectively be 
addressed in CFM. Working together of different 
agencies addresses several socio-economical issues 
and may decelerate tribal migration from forested area. 
Institutional linkages under CFM encourage democratic 
decision-making process and all the stakeholders have 
space and capacity to make them heard. Second, they 
communicate and transfer their knowledge and skills in 
multiple directions. Third, they act together to manage 
a conflict and Fourth, there is a shared and intentional 

social learning and experimentation in forest management 
process, planning, and decision-making that clearly 
reflects a link to the desired future (Fisher et al., 2007).

7.4. Scope to integrate FII in CFM

In India, about 13 million ha forest is available with 
silkworm related forest flora as dense, open, and scrub 
forest   (Srivastav and Thangavelu,  2005) that can be  
utilised to expand economic benefits of forest based 
sericulture (FBS) to a large number of forest dependent 
people.

Forest sericulture, apiculture and lac culture can serve as 
alternatives for Shifting or Jhum cultivation (slash and 
burn cultivation) that is practised by 4.433 lakh families 
as a livelihood activity that involves 3869 km2 forest area 
annually in north-eastern  states of India (Tripathi and 
Barik, 2003). Earlier, shifting cultivation cycle was for 
15-20 years, but it has now reduced to 2-3 years only and 
is causing large-scale deforestation and inflicting heavy 
loss of insect biodiversity. If Jhum cultivating poor tribals 
are linked with location specific forest insect industry 
under CFM module, the problem of shifting cultivation 
and its associated ecological losses can be reduced.

Edible insects collected from forest are generally clean 
and free from chemicals and they are the cheapest 
source of protein compared to animal meat and fish 
and contribute to sustainable management of insect 
habitats. In India, edible insects are largely consumed in 
north-eastern region and there is almost no entomophagy 
in other parts of India. However, there exists a very good 
scope to widen economic potential of edible insects for 
a large number of poor people in all the forested area 
through their collection or by commercial rearing for 
cash income through evolved market linkages with 
insect consuming countries. Rapid reproduction rate and 
high fecundity feature of forest insects are the preferable 
commercial traits to use them in forest insect industry.

Forest management strategy that could promote dual 
product systems for example, eri silkworms for natural 
silk fabric and pupae as food; honey, beeswax, propolis,
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bee-venom, and royal jelly as a commercial product and 
honeybee brood as food, etc. should be prioritised in CFM .

8. Potential critics about efficiency of NTFPs in 
poverty alleviation and conservation of forest

Since 1980s, the hope for conservation of tropical forests 
was put to NTFPs, but its livelihood delivery potential 
has been questioned. Neuman and Hirsch (2000) raised 
a wide range of constraints that suppress straight 
relationship between increased sales of NTFPs and 
corresponding income increase of their gatherers. They 
also hold an opinion that even in situations of increasing 
prices and expanding markets of NTFPs, the economic 
situations of the primary producers do not change, because 
commercial use of NTFPs is driven by cash demands from 
poor households. Further, NTFPs appear to be critical in 
the subsistence of the rural poor that often saw a strong 
income equalising effect between poor and wealthier 
classes, but NTFPs rarely provide a means for the poor to 
actually move up to the wealthier classes and achieve due 
socio-economic advancement. Ultimately, it appears that 
commercial exploitation of NTFPs contributes little to 
address the structural origins of poverty in forested area.

Further, to what extent commercialisation of forest product 
can improve the income of its gatherers have also been 
questioned and the issue of sustainable supply of NTFPs 
is not easily answered. According to Dove (1993), it is 
likely that the largest parts of the benefits of any newly 
developed forest product will eventually fall in the hands 
of larger merchants and not in the hands of poor people in 
forested area, because exploitative relationships appear 
to be more evident in cases where intermediaries are 
available at the point of primary production and governing 
a marketing chain of forest products. Wilkie and Godoy 
(1996) propose a model where little commercial contacts 
exist with the outsiders to avoid possible exploitation 
through intermediaries.  Wiersum (1997) defines forest 
management as the process of making and implementing 
decisions about the use and maintenance of forest 
resources. But, proper implementation of the decisions 
under CFM system may be influenced or hindered 

by unfavourable circumstances, such as rent seeking 
activities by the outside parties, inadequate policies, 
corruption of government official, and the like. If these 
kinds of conditions occur, CFM system is likely to be 
replaced by unwise harvesting of the forest resources and 
more often than not, these changes will have a declining 
effect on the presence of forests in the landscape. Further, 
the proposition that commercialisation of NTFPs will 
boost conservation of forests has also been questioned.

9. Conclusions

This article has summarized the knowledge with 
respect to two central questions at the interface of 
livelihoods, forests, and conservation: To what scale 
JFM is contributing to forest conservation and what 
are the problems of JFM in delivering the livelihood 
functions of forests to forest dependent people in India. 
Secondly, why collaborative forest management (CFM) 
can be a better option than JFM for an effective forest 
management to provide a better livelihood opportunity to 
poor people in forested area. We know that we have just 
touched the surface of a vast topic and this article does 
not address all the points that are relevant to this topic.

With respect to the first question, it is recognised that even 
today, JFM is the principal forest management strategy in 
India, but its forest management potential and livelihood 
delivery is declining due to lack of institutional linkages 
for multilevel governance and want of incentives for 
community involvement. It is recommended that the vast 
institutional base of JFM in India can be better utilised 
for location specific institutional linkages to realise the 
commercial potential of SMFEs to promote the growth 
of incentive linked forest management strategy in India. 
With respect to the second question, it is concluded 
that owing to complex, multidimensional and dynamic 
nature of poverty; forests and forestry alone will not 
eradicate rural poverty. Secondly, livelihood oriented 
forest conservation initiatives require a strategic mix of 
organizational collaborations for local capacity building 
to diversify the livelihood options for forest dependent 
people. Therefore, State Forest Department will have
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to join other organizations beyond the forestry sector 
to reduce poverty in forested areas, because associative 
relation between different agencies with local community 
can better identify the hidden livelihood opportunity in a 
given forest area and their viable integration can change 
the attitude of local communities by demonstrating them 
the real potential of forests in terms of improved earnings.

Further, this study underlines the important functions 
of small and medium forest-based enterprises  and cited 
the emerging roles of forest insect industry  in forest 
based rural economy of developing countries. This 
investigation identified many livelihood and ecological 
functions that different forest silkworms, honeybees, 
and lac insects can play in nature preservation, and the 
positive impacts that these FII can have on the lives of 
humans. Recognizing the substantial contribution of these 
commercial forest insects in improving the livelihood 
earnings of forest dependent communities, forest based 
sericulture, forest beekeeping and forest lac culture 
can be integrated as the livelihood component in CFM. 
Such initiative by forest managers and policy makers 
will make forest-edge communities to be aware of the 
precious value of forest insects in their life and the need 
to safeguard them and by learning about the role of these 
commercial forest insects in forest ecosystems, people 
will better understand and appreciate the value of forests.

NOTE

1  As per Census 2011, total population of India is 1210  
 million, equal to the combined population of  
 USA, Brazil, Indonesia, Pakistan, Bangladesh, and  
 Japan. 
2  There is no census figure for forest dependent population  
 in India. Different estimates put the figures from 200  
 million (ICFRE, 2012) to 400 million (MoEF, 2009).
3  There are 6.41 lakh total villages in India as per the 2011  
 census. 
4 Livestock population of India is 530 million as per the  
 18th Livestock Census, 2007 (MoA, 2010). Thirty
 eight % of livestock depend on fodder derived from
 forest by direct grazing or by harvesting.   

5   JFMCs are village-level institutions of forest communities  
 constituted democratically for the protection and  
 development of forests and sharing of the benefits arising 
 out of the managed forests, including NTFPs.
6  PRIs form the third tier of the decentralised three-tier  
 governance structure mandated under the Constitution.  
 Among the 29 functions recommended for  
 decentralization, three relate to forestry, viz., social  
 forestry, fuel wood plantations and NTFPs. The  
 Panchayats are local self-government bodies and  
 considered central to the development of villages. Gram  
 (village) panchayat is the lowest strata of governance in  
 India consisting of 5,000 populations belonging to one  
 or several adjacent villages popularly known as  
 Panchayati Raj Institution. Above village panchayat, 
 exists Panchayat samiti at Block level (Block consist  
 of 50-90 villages depending on the population). Above  
 panchayat samiti, exists Jilla Parishad or District Council.
7  Central Silk Board (CSB) is a statutory and autonomous  
 body under the administrative control of Ministry  
 of Textiles, Govt of India. CSB is an apex body, with  
 responsibility of overall development of silk industry and  
 sericulture in India.
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ABSTRACT

Natural fibres and man-made fibres are now being compared head on giving substantial importance to sustainability 
during the production and usage.  Often the sustainability index  thus worked out is used to promote the fibre and 
apparels made out of them.  The latest development of  man-made fibres being promoted as more sustainable than 
the natural fibres by industry inside groups or associations is disturbing.  Silk which is traditionally considered as 
an excellent natural fibre type has been recently labeled as the least sustainable fibre among all the natural and man-
made fibres by Sustainable Apparel Coalition’s The Higg Material Sustainability Index based on tailor-made  Life 
Cycle Assessment studies.  The article examines the fault lines in such assessments and points to the need for more 
comprehensive life cycle assessments giving ample importance to the socioeconomic worth of the fibre which may 
possibly lead to a totally different and pleasant result.

In the changed context of environmental awareness, 
fashion statements and clothing options are influenced 
more by extraneous non-visible factors rather than 
comfort and appearance.  Clothes made of natural fibers 
in general and silk in particular catch the imagination of 
users across social strata and more so by the elites.  In 
the global arena, silk is valued high and considered as the 
‘Queen of Textiles’.

People’s Republic of China has been the leading country 
in the world, producing raw silk and India remained at 
a far distant second position.  Interestingly, India has 
been consistently growing at an annual rate of close to 
7 % during the last 10 years from 18370 MT in the year 
2010 to 35820 MT in 2020.  On the contrary, China has 
been de-growing from 115000 MT in the year 2010 to 
53359 MT in 2020, on the way touching the peak of 
170000 MT in the year 2015. The numbers make it clear 
that China and India will continue to hold the top two 
positions in raw silk production for the years to come.

In comparison with other natural textile fibers, silk 
occupies only a very small slice of the world trade. The 
share of silk in the global textile market is in fact less 
than 0.2 %. Though the volume of silk trade is low, the 
value of international trade in silk and silk products is 
significant. For the silk producing countries, silk assumes 
importance owing to its socioeconomic impact on large 
silk farming population.  Any loss of confidence in silk 
products by the users in European and US markets would 
have serious implications on the livelihood of many rural 
people. This may not be purely because of the shrinking 
export market alone but the influence of the global 
campaign among the domestic users as well.

Of late, the world apparel and fashion industry, under 
the aegis of Sustainable Apparel Coalition (SAC) is 
consistently making efforts to impress up on the customers 
and make them believe that the textile products made from 
synthetic fibers are more sustainable than that from natural 
fibers. The Industry insiders of large corporates form
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pressure groups with seemingly innocuous declarations 
but with covert agenda of selling their products on 
premium pricing on the label of products manufactured 
out of sustainable fiber, which are predominantly man-
made.  In the process, to highlight the falsely perceived 
benefits rooted in sustainability, Life Cycle Assessment 
(LCA) studies are resorted to which are not based on 
the prescribed international guidelines. Interestingly, 
these LCA studies are limited to cradle-to-gate instead 
of the more inclusive and meaningful cradle-to-cradle or 
even cradle-to-grave. Such assessments must be as 
per the guidelines of International Organization for 
Standardization (ISO) and the Product Environmental 
Footprint Category Rule (PEFCR) of EU.  It is of great 
concern that the users are deliberately made to believe 
that sustainability is all about adverse impact created 
during a part of the life cycle of a textile product on 
nature and such a belief is cleverly used as a marketing 
tool to influence their purchase behavior.

As advocated by the United Nations Organization, there 
are 17 identified and declared Sustainable Development 
Goals (SDGs) to transform the world, building on the 
principle of ‘leaving no one behind’.   It is important 
to attach required importance to all the major SDGs 
when the sustainability of an industry or a product is 
assessed. The SDGs, such as no poverty (SDG1), zero 
hunger (SDG2), gender equality (SDG5), decent work 
and economic growth (SDG8), industry, innovation and 
infrastructure (SDG9), reduced inequality (SDG10), 
responsible consumption and production (SDG12) and 
partnership to achieve the goal (SDG17) are particularly 
important while assessing the impact of silk industry.  
However, this assertion does not in any way belittle 
the importance of determining and highlighting the 
environmental impact of textiles including that made 
from natural fibers and specifically silk fiber. But while 
comparing the environmental impact of the textiles, the 
evaluation cannot be based on the data from production 
alone to differentiate the fiber type, instead the use phase 
is as important or more important. The impact often gets 
largely oscillated in favour of silk fiber when the use phase 
also is included which would otherwise fare poorly. In 

this context, it is relevant to examine the socioeconomic 
impact of silk farming.

Socioeconomic impact of Silk Industry

Production of raw silk from which silk clothes and 
garments are made, involves farming and industry.  Silk 
farming being a large value chain, employs substantial 
number of people at each stop.  This attractive livelihood 
opportunity offsets the possible impact of the enterprise 
to environment to a considerable extent. Livelihood 
generation is one of the major potentials of silk farming, 
popularly known as sericulture.  Sericulture, over the 
years has emerged as one of the most important cash 
crops with minimum investment, low gestation period, 
high employment potential and highly remunerative 
return.  It is suitable for every section of society regardless 
of the land holding and age or gender.  It is well suited 
to the agrarian economy of the Tribal populace as well. 
Silk Farming involves simple technology, which is easy 
to understand and adopt. It has provided downstream 
employment and income generation in rural and semi-
urban areas, high participation for low-income and 
socially under privileged groups.

In developing countries, sericulture assumes great 
significance. High incidence of rural poverty, un-
employment and under-employment are prevalent in 
developing countries of the world.  Poverty alleviation 
requires constant suitable policy interventions and 
appropriate technological upgradations that can increase 
productivity without causing any adverse impact on the 
productive capacity of natural resources. Popularizing 
rural based industries, such as sericulture has proved to 
be effective in creating job opportunities and continuous 
additional cash flow to the households in India and China, 
which can be replicated in other countries too.

Sericulture involves silkworm raising for the production 
of raw silk, which is the yarn obtained out of cocoons 
spun by the lepidopteran insects. The major activities of 
sericulture comprises of food-plant cultivation to feed 
the silkworms which spin silk cocoons and reeling the
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cocoons for unwinding the silk filament for value added 
benefits such as processing and weaving.

The sericulture farmers face little hardship in selling of 
their cocoons at attractive price. The cocoon transaction is 
organized through Government regulated cocoon markets 
and hence, chance of exploitation is almost non-existent.  
As an alternative, direct transaction of cocoons with 
entrepreneurs who have established automatic reeling
machines (ARMs) are also permitted. The demand for 
cocoons falls rarely and hence, no wild fluctuation occurs 
in cocoon price. This is one of the reasons for very low 
attrition rate in sericulture apart from the far better return 
on investment. Added to this, the technology in use now 
in sericulture are far more energy efficient. The farmers 
involved in sericulture are sensitized about the need for 
judicious consumption of water and energy apart from 
other inputs, such as chemical fertilizers and pesticides. 
Silkworm itself makes it sure that pesticide use on 
mulberry plantation is kept to the minimum and used at 
low concentration. Because silkworm is quite sensitive, 
indiscriminate use of pesticides would result in residues 
in the leaves beyond the safe period leading to larval 
mortality and crop loss.

Employment Potential

The employment potential in sericulture is huge. 
21.50 million persons are engaged in various silk industry 
activities in the world. It is estimated that silk industry can 
generate employment at a rate of 14 persons per hectare 

of mulberry plantation and throughout the year. No other 
industry is known to generate such a huge employment 
opportunity, especially in rural areas.  This unique selling 
point (USP) helps sericulture to position itself as a tool 
for rural reconstruction.

The distribution of opportunities and returns to various 
verticals of sericulture practice may not seem equitable in 
the first glance because 56.8 % of the gross value of silk 
fabrics flows back to the cocoon growers or the farmers, 
6.8 % to the silk reeler, 9.1 % to the twister, 10.7 % to 
the weaver and 16.6 % to the trader.  But a closer look 
would reveal that flow of return commensurate with the 
investment and efforts. The opportunities in pre-cocoon 
sector further gets distributed among the enterprises, such 
as silkworm egg production, parent cocoon production,  
commercial young stage larva rearing  (chawki rearing) 
and cocoon production for silk reeling.  In the process, 
the large chunk of income flows back to the villages from 
the cities.

Capital base and return on investment

Establishment of silkworm seed (egg) production 
centers (SSPCs) and chawki rearing centers (CRCs) 
are relatively capital intensive to such an extent that 
an amount of US$ 541,00 to US$ 757,00 is required 
for establishing a production facility with 1 million 
silkworm egg production capacity, including the working 
capital. For the chawki rearing enterprise, someone with 
2 acres of chawki mulberry plantation would be investing 
US$ 338, 00 including the working capital. The annual 
return on these investment has been worked out as 
US$340, 00 to US$108,108 and US$ 541, 00 with 
cost-benefit ratios of 1:1.32 and 1:1.64, respectively.  In 
contrast, very limited investment is required (excluding 
cost of land and rearing space) for undertaking mulberry 
cultivation and silkworm rearing in one acre of irrigated 
land. The visible advantages here are that mulberry takes 
only six months to grow for commencement of silkworm 
rearing. Mulberry once planted will go on supporting 
silkworm rearing year after year for 15-20 years
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depending on the inputs and management provided. Five 
crops can be taken in a year under tropical conditions. 
By adopting stipulated package of practices, a farmer 
can attain net income levels up to US$1150 per acre per 
annum, which is considered as very good.

Gender equality

Women constitute over 60 % of those employed in down-
stream activities of sericulture in India.  This is possible 
because sericulture activities starting from mulberry 
plantation management, leaf harvesting and silkworm 
rearing are more effectively handled by the women 
folk.  Silk reeling industry including weaving is largely 
supported by women.

Takes care of the interest of weaker sections

Sericulture can be practiced by persons with very low 
land holding. An acre of mulberry garden and silkworm 
rearing can support a family of three without hiring 
labour and utilizing only the family labour. Features such 
as low gestation and high returns make sericulture an 
ideal programme for weaker sections of the society.

Sericulture is eco-friendly

As a perennial crop with good foliage and root-spread, 
mulberry contributes to soil conservation and provides 
green cover. Waste from silkworm rearing is recycled 
as inputs to garden.  This helps in reduction of chemical 
inputs almost by 50 % and still not affecting the normal 

leaf yield.  Being a labour intensive and predominantly 
agro-based activity, involvement of smoke-emitting 
machinery is minimal. Developmental programmes 
initiated for mulberry plantation are mainly in upland 
areas where unused cultivable land is made productive. 
Mulberry can also be cultivated as intercrop with 
numerous plantations. Mulberry being a deep-rooted 
perennial plant, can be raised in vacant lands, hill slopes 
and watershed areas. Currently, only about 0.1 % of the 
arable land in the country is under mulberry cultivation.

Better cultivation practices

The improved plantation methods with wider spacing has 
improved the leaf yield substantially. The water usage 
is brought down to a considerable extent by adopting 
micro irrigation (drip irrigation) by which water usage 
in the mulberry garden is minimum compared to the 
older practice of flood irrigation. The cases of over 
irrigation and over fertilization are almost things of the 
past. Adoption of latest technologies and innovations are 
helping large number of farmers to optimize the input and 
output sides so that resources are utilized scientifically. 
The new plantation method where mulberry is trained to 
grow as short trees with wider spacing saves water to the 
extent of 70 % and at the same time, the quality and yield 
of foliage are not compromised.

It is important to mention here that sericulture is practiced 
as a dry land farming; 100 % in China and 30 % in India. 
Through these methods, use of chemical fertilizers and 
disinfectants is far less than the recommendation and
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water usage is understandably nil except the rain water. 
Though the leaf yield in dry land mulberry is no way near 
to the yield in irrigated mulberry, the cost economics for 
the producers continue to remain attractive. In addition, 
the practice imposes little impact on the environment.

Sericulture satisfies equity concerns

In sericulture, the benefits of value-addition primarily 
accrue to rural households. As the end-product users 
are mostly from the higher economic groups, the money 
flows from high end groups to low end groups and mostly 
from cities to rural areas. Cases of landless families 
engaged in cocoon production using mulberry contracted 
from local farmers are common in many countries.

Summary

On one hand, silk is considered as the most elegant textile 
in the world with unparalleled grandeur, natural sheen 
and inherent affinity for dyes, high absorbance, light 
weight, soft touch and high durability. On the other hand, 
it stands for livelihood opportunity for millions owing 
to high employment oriented, low capital intensive and 
remunerative nature of its production. The very nature 
of this industry with its rural based on-farm and off-farm 
activities and enormous employment generation potential 
has attracted the attention of the planners and policy 
makers to recognize the industry among one of the most 
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appropriate avenues for socioeconomic development 
of many developing countries like India. This situation 
warrants a more careful approach while dealing with 
silk fabric. Labeling silk as a less sustainable fabric than 
the others may be a little premature. This is nothing but 
belittling the popular belief of considering silk and other 
natural fibers as environmentally sustainable products, 
the sustainable existence of which can be traced back to 
more than 5000 years. Sustainability studies should be 
more broad based but focused with data collected from 
different geographical regions and representation from all 
major silk producing countries. The studies should add 
not only the use phase of the fiber but also the value of 
the co-products while attaching considerable importance 
to the socioeconomic impact of the industry. In such 
a scenario, the silk fiber would find a much improved 
and acceptable sustainability score which will help this 
industry to coexist harmoniously with other natural and 
man-made textile fibers so that the customers can make 
more independent and informed purchase decisions.
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The Executive Committee (EC) meeting of International 
Sericultural Commission (ISC) for the year 2021 

The Covid-19 has created considerable damage to silk 
industry thereby affecting the livelihood opportunities of 
more than 22 million people living all across the globe. In 
order to understand the impact of Covid-19 on the global 
silk industry, ISC has undertaken an impact assessment 
study among the silk producing, manufacturing and 
consuming countries during the period from January to 
September, 2020. Based on the analysis of the survey 
inputs and  also by including the prevailing issues 
plaguing the industry, a comprehensive and holistic 
Plan of Action in 15 major areas have been identified. 
The entire exercise has been put forth in the form of a 
booklet and circulated among three hundred identified 
agencies and individuals associated with the silk industry 
all across the globe.

Impact of Covid- 19 on the Global Silk
Industry and the Way Forward

Executive Committee meeting of ISC 

was held online on 26.04.2021. The EC witnessed the 
participation of 14 delegates from nine countries. The EC 
has approved the budget for the year 2021 and also the 
plan of activities. Apart from the procedural approvals, 
the EC has extensively discussed on the study undertaken 
by ISC on the “Fallout of Covid-19 on Sericulture 
and Silk Industry”, introduction of Higg Index on silk 
industry, collaboration with International Silk Union, 
China, creation of a global initiative namely “Natural 
Fibre Coalition”, organization of 26th ISC Congress at 
Romania and other issues concerning the development of 
sericulture and silk industry across the globe. 



ISC has signed a Memorandum of Understanding (MoU) 
with International Silk Union (ISU), China during the 
Chairman’s meeting of ISU held on 10th June, 2021. The 
major objectives of the MoU are; promote exchange and 
cooperation between ISU and ISC in the field of silk 
Industry, exchange of information and resources, taking 
up collaborative research programmes, exchange visits, 
etc. The MoU was signed by the Secretary Generals of 
both the organizations. During the meeting, Mr. Rajit 
Ranjan Okhandiar, Secretary General, ISC has presented 
a paper entitled “Enhancing Cooperation, Promoting the 
Global Development of Sericulture and Silk Industry”. 
The meeting, organised in online and offline mode, 
witnessed the participation of 315 delegates from 28 
countries.

The Sustainable Apparel Coalition (SAC), a global 
consortium of apparel manufacturers and suppliers, has 
developed an aggregated environmental impact score, 
namely “Higg Index” which unfairly portray silk as 
an environmentally unsustainable fibre. Since the Higg 
Index has been creating considerable consternation 
among the global silk fraternity, ISC has undertaken 
a detailed study on the Higg Index and found that the 
method adopted by the SAC is faulty and against the 
globally accepted standards prescribed by UNEP, ISO 
and European Commission. As part of this, ISC in 
coordination with International Silk Union (ISU) has 
jointly organised the International Think Tank Forum 
on Silk Sustainable Development on 10th June, 2021. 
The event was held as an offline meet for the Chinese 
participants and an online meet for other delegates. The 
Think Tank Forum witnessed the participation of 315 
delegates from 28 countries.

Mr. Dileep Kumar R., Programme Coordinator, ISC 
has presented the Key Note address in the Think 
Tank Forum with the title: “The Fallout of Higg

MoU signed between International
Sericultural Commission (ISC) and
International Silk Union (ISU)

International Think Tank Forum on Silk 
Sustainable Development



Index on Silk and the Way Forward”. The Key Note 
indicated the major flaws of the Higg Index, and an 
important proposal as the way forward for developing 
global sustainability standards for silk by undertaking a 
comprehensive Life Cycle Assessment (LCA) study in 
the silk producing and consuming countries. The Key 
Note address was followed by presentation of papers 
on environmental foot print studies by scientists and 
technocrats from 18 countries. The idea put forth by ISC 
has found traction with most of the participants and based 
on which, a joint declaration namely; “Proposal for the 
Comprehensive and Objective Assessment of Life 
Cycle of Silk Products” was released as the outcome of 
the meeting. This document is printed on the succeeding 
pages of this volume of SERICOLOGIA. 

The ISC HQs represented Silk  Sector in the international 
web Policy Roundtable meeting collaboratively organised 
by  the Institute for studies in Industrial Development 
(ISID) and United Nation’s UNCTAD on “Leveraging 
FDI Flows for Sustainable Recovery” on 29th June, 
2021. The Key Note of the meeting was given away by 
Mr. Richard Bolwijn, Director, Investment Research 
Branch, UNCTAD, Geneva. The meeting witnessed the 
participation of more than 93 delegates from India and 
abroad. 

Round Table Meeting on Leveraging FDI 
Flows for Sustainable Recovery
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