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ABSTRACT

	 The performance and cocoon yields of two silkworm hybrids - W D  and C J - 1 2 1 2 

grown on  mulberry leaves from NPK fertilizer-, poultry manure– or non-amended 
soils were investigated in a 2 x 3 factorial experiment fitted into a completely 
randomized design with four replicates. Mulberry leaves from the three treatment 
plots were randomly selected for proximate analysis. Cocoon yield was 
significantly higher in silkworm hybrid 1 W D irrespective of soil amendments, 1 2, 

compared to hybrid 2 C J . Number of cocoons, single cocoon weight and shell 1 2

weight were significantly higher from amended soils compared with the control. 
Larval and pupal weights were not influenced significantly by silkworm hybrid, 
soil amendments or their interaction. Fecundity was significantly higher in 
silkworm fed with leaves amended with NPK compared to leaves from soil 
amended with manure, which was not significantly different from the control. 
Larval and adult emergence was not affected by the two amendment factors; 
however, mortality was significantly higher in the control. Nitrogen, phosphorus 
and calcium contents were positively correlated with number of cocoons, single 
cocoon weight, and shell weight. Mineral contents were significantly higher in 
poultry manure-grown leaves than in NPK-grown ones which was higher than the 
control. On the other hand, cocoon yield was significantly higher in the NPK-grown 
leaves. However, both soil amendment methods could be adopted for mulberry leaf 
production for silkworm rearing. 
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INTRODUCTION

The	aim	of	sericulture	is	the	production	of	high	quality	cocoons.	Nearly	
70%	of	the	silk	protein	produced	by	a	silkworm	is	directly	from	the	protein	
derived	from	the	consumption	of	mulberry	leaves	(Food	and	Agricultural	
Organization,	1986).	Mulberry	cocoon	shell	is	composed	of	72%	fibrion,	
19-28%	sericin,	0.5-1%	fat	and	wax,	and	1.0-1.4%	colouring	matter	and	
wax	(Ayub	et	al.,	1993;	Smith,	1994;	Mahesh	et	al.,	2010).	Silkworm	egg	
quality,	leaf	quality,	and	proper	rearing	methods	have	been	identified	as	
major	factors	in	cocoon	production	(Shekharappa	et	al.,	1991,	Laxmanan	et	
al.,	1998;	Chandrappa	et	al.,	2001).	Since	leaf	quality	determines	successful	
cocoon	 production,	 proper	 agronomic	 practices	 are	 necessary	 for	
cultivation	of	mulberry	in	order	to	get	the	right	quality	of	leaves	needed.	
One	 of	 such	 agronomic	 practices	 is	 soil	 amendments	with	 fertilizer	 or	
manure.	Application	of	fertilizers	and	manures	is	important	for	increase	in	
plant	productivity	and	improved	quantity	and	quality	of	mulberry	leaves	
(Shanker	and	Rangaswami,	1999;	Wang	2001,and	Saha	and	Setua,	2006).	
Application	of	fertilizer	or	manure	makes	the	mulberry	plants	vigorous,	
with	 leaves	 becoming	 wider,	 greener,	 and	 more	 succulent.	 This	 plant	
quality	 improvement	 could	 ultimately	 increase	 the	 cocoon	 yield	 of	
silkworm	fed	with	it.	In	this	study	therefore,	we	investigated	and	compared	
the	 cocoon	 yields	 and	 biological	 characteristics	 of	 two	 hybrids	 of	
silkworms	fed	with	leaves	from	non-amended,	NPK-	or	poultry	manure-
amended	soils.

MATERIALS	AND	METHODS	

	 The investigation was carried out in the Sericulture Laboratory, Forestry 
Research Institute of Nigeria (FRIN), Ibadan, Nigeria. The experiment 
consisted of two factors: (a) two hybrids of the silkworm –W D  and C J (b) 3 1 2 1 2; 

soil amendments – NPK (50 kg/ha), manure (2 tonnes/ha), and control (no 
amendment) in a 2 x 3 factorial arrangement fitted into a completely 
randomized design with four replicates. The mulberry plants were planted in 
soil plots at the arboretum of The Forestry Research Institute of Nigeria, Ibadan, 
Nigeria.
 The silkworms were fed four times per day at 8 am, 11 am, 2 pm, and 5 pm 
with leaves of mulberry variety S30. The NPK fertilizer and manure were 
applied by broadcasting. After three weeks of application, leaf samples 
collected from each treatment were weighed, oven-dried to constant weight, 
and allowed to cool. They were thereafter ground to fine powder and proximate
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	 analysis	 was	 carried	 out	 (Association	 of	 Official	 Analytical	 Chemists	
(AOAC,	1998).
	 Eggs	from	the	two	silkworm	hybrids	were	released	from	cold	storage,	
rinsed	in	2%	formalin	solution	for	15	minutes,	and	later	soaked	in	HCl	(1.1	
Specific	gravity)	for	60	minutes	(under	cold	acid	treatment)	(Jolly,	1986).	
They	were	later	rinsed	in	running	water	and	dried	at	room	temperature.	
The	eggs	were	later	incubated	at	room	temperature	for	8-10	days.	When	
egg	color	turned	blue,	the	egg	cards	were	kept	in	total	darkness	for	2	or	3	
days,	a	process	called	black	boxing	(Jolly,	1986).	On	the	tenth	day,	the	eggs	
were	exposed	to	bright	light.	Chopped	mulberry	leaves	from	each	of	the	
treatments	were	sprinkled	over	the	hatched	larvae	for	10-20	minutes	to	
allow	the	larvae	to	crawl	on	the	cut	 leaves.	The	egg	sheets	were	turned	
upside	 down	 and	 held	 above	 the	 rearing	 tray	with	 paraffin	 paper	 and	
tapped	gently	 to	complete	 the	process	of	brushing.	Out	of	 the	emerged	
larvae,	samples	of	100	larvae	were	randomly	selected	from	each	of	the	2	
hybrids	 and	 fed	 with	 leaves	 from	 non-amended,	 and	 NPK-	 or	 poultry	
manure-amended	soils	making	a	treatment	each.	Each	treatment	tray	was	
randomly	distributed	on	the	rearing	racks,	and	fed.	The	weights	of	feed	

st nd	 rddepended	on	the	life	stage;	1 	instar	=	16g,	2 instar	=	80g,	3 	instar	=	250g,	
th th

4 	instar	=	320g,	5 	instar	=500	g	shared	into	four	times	per	day.	The	larvae	
were	 fed	 for	 19-21	 days	 until	 they	 passed	 the	 five	 larval	 stages	 and	
commenced	cocooning.	At	this	stage,	the	larval	mortality	was	determined.	
Also,	two	days	before	the	commencement	of	cocooning,	10	fully	developed	
larvae	 were	 randomly	 selected	 from	 each	 replicate	 and	 weighed	 to	
determine	 average	 larval	 weights.	 At	 the	 commencement	 of	 spinning	
cocoons,	the	larvae	were	mounted	on	mountages	according	to	treatments	
in	four	replications.	All	cocoons	were	harvested	at	six	days	old,	and	from	
these,	20	were	randomly	selected	from	each	replicate,	cut	open,	weighed,	
and	data	were	collected	on	average	weight	per	cocoon,	pupal	weight,	shell	
weight,	and	shell	ratio.	
	 The	pupae	were	kept	until	the	adults	emerged.	Four	freshly	emerged	
adult	males	and	females	were	randomly	selected	for	mating.	They	were	
placed	 on	 rearing	 trays	 for	 three	 hours	 according	 to	 the	 different	
treatments	in	four	replications.	The	females	were	later	separated	and	put	
in	cellule	on	thick	brown	cardboard	paper	where	they	laid	their	eggs.	After	
24	hours,	newly	laid	eggs	were	acid–treated	and	incubated	(Jolly,	1986)	
and	newly	hatched	larvae	were	brushed.	The	total	number	of	eggs	laid	and	
percent	larval	emergence	were	calculated	using	the	egg	shells.	The	number	
of	hatched	eggs	was	calculated	as	percentage	of	the	total	eggs	laid.	
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Percentage	mortality	and	shell	ratio	were	calculated	using	the	following	
formula:

		%		Larval	mortality		=				Total	number	of	dead	larvae							x									100

																																							Number	of	larvae	brushed

The	Shell	Ratio				=				Shell	weight								x							100

	 																													Wt.	of	Shell	+	Pupa

All	the	data	collected	were	subjected	to	analysis	of	variance	(ANOVA)	
test	at	P	<	0.05.	Least	Significant	Difference	(LSD)	was	used	to	compare	the	
means.	 The	 results	 of	 the	 proximate	 analysis	 of	 leaf	 samples	 from	 the	
different	treated	plots	were	correlated	with	the	cocoon	yield	parameters	
and	developmental	characteristics	of	silkworm.

RESULTS

  Cocoon weight was jointly influenced (P < 0.05) by silkworm hybrids 
and soil amendments. Cocoons produced by both hybrids fed with 
mulberry leaves from trees grown in NPK-amended and poultry manure-
amended soils were heavier and higher in number compared to the 
control (Table 1). Shell weight was higher in leaves from NPK-amended 
plots compared to poultry manure or control, while shell ratio was neither 
influenced by the factors (silkworm hybrid, soil amendment) nor their 
interactions (Table 1).
  Table 2 shows that larval and pupal weights were not influenced 
significantly by silkworm hybrid, soil amendments nor their interactions. 
However, fecundity was significantly higher with application of NPK 
compared to poultry manure, which is not significantly different from the 
control. Although, larval and adult emergence was not affected by 
silkworm hybrid, soil amendment or their interaction, mortality was 
affected by soil amendment. Larval mortality recorded in the control was 

significantly higher (≈ 100%) than in amended soils (Table 2).
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Silkworm  

Hybrid 

  Soil amendment type 

 

 

 

Variable 

 

NPK 

 

 

Poultry manure        

 

Control 

Mean 

Number of 

Cocoons 

C1J2 79.2 79.2 59.2 72.7 

W1D2 95.0 89.5 63.7 82.7 

Mean 87.1 84.6 61.5  

                                        LSD(0.05)S = 9.2*; A = 11.2*; SxA = 15.9   

Single  

Cocoon 

weight (g)  

C1J2 1.27 1.05 1.03 1.12 

W1D2 1.13 1.12 0.84 1.03 

 Mean 1.20  1.09  0.99   

 LSD(0.05) S = 0.08*; A = 0.1*; SxA = 0.14*   

Shell 

weight (g) 

C1J2 0.28 0.19 0.14 0.20 

W1D2 0.20 0.20 0.16 0.18 

Mean 0.24 0.19 0.15  

                                         LSD(0.05)S = 0.03; A = 0.04*; SxA = 0.05*  

Shell 

Ratio 

C1J2 22.2 18.8 14.4 18.5 

W1D2 17.9 17.4 17.0 17.4 

Mean 20.1 18.1 15.7  

                                        LSD(0.05)S = 2.9; A = 3.5; SxA = 5.0   

 

Table	 1:	 Cocoon	 yields	 of	 	 two	 silkworm	 hybrids	 fed	with	mulberry	 leaves	 from	 trees	
different	soil	amendments	

Values	are	means	of	four	replicates.	LSD's	are	for	the	following	comparisons:	S,	Silkworm	
hybrids;	 A,	 Soil	 amendments;	 SxA=	 Interaction	 between	 silkworm	 hybrids;	 and	 soil	
amendments;	*	Significant	at	P	<	0.05.
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Table	2:	Developmental	characteristics	of	two	silkworm	hybrids	fed	with	leaves	from	
different	soil	amendments

Values	are	means	of	four	replicates.	LSD's	are	for	the	following	comparisons:	S,	Silkworm	
hybrids;	 A,	 Soil	 amendments;	 SxA=	 Interaction	 between	 silkworm	 hybrids;	 and	 soil	
amendments;	*	Significant	at	P	<	0.05.

  
Silkworm  
Hybrid 

                    Soil amendment   

Variable NPK 
 

Poultry  
manure         

Control Mean 

Larval  
Weight (g) 

C1J2 2.67 2.65 2.62 2.65 

W1D2 2.86 2.51 2.91 2.76 

Mean 2.76 2.58 2.77  

                                          LSD(0.05)S = 0.15; A = 0.18; SxA = 0.26*   

Pupal 
weight (g) 

C1J2 0.98 0.81 0.84 0.88 

W1D2 0.92 0.93 0.96 0.94 

Mean 0.95 0.87 0.90  

                                             LSD(0.05)S = 0.08; A = 0.1; SxA = 0.14   

Fecundity C1J2 498 405 378 427 

W1D2 456 367 390 404 

Mean 477  386 384  

                                             LSD(0.05) S = 50; A = 61*; SxA = 87   

Larval 
emergence 
     (%) 

C1J2 98.28 98.05 97.65 97.99 

W1D2 98.75 98.75 98.88 98.79 

Mean 98.51 98.40 98.26  

                                             LSD(0.05)S = 0.83; A = 1.01 ; SxA = 1.43    

Adult 
emergence 
    (%) 

C1J2 88.0 73.7 80.0 80.6 

W1D2 80.0 78.7 80.0 79.6 

Mean 84.0 76.2 80.0  

                                         LSD(0.05)S = 8.35; A = 10.23; SxA = 14.46   

Mortality (%) C1J2 20.8 20.3 40.7 27.3 

W1D2 5.0 10.5 36.2 17.3 

 Mean 12.9 15.4 38.5  

                                                 LSD(0.05)S=9.2*; A=11.2*; SxA=15.9  
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Nitrogen,	potassium,	calcium,	dry	matter,	and	crude	protein	contents	
were	significantly	higher	in	leaves	of	trees	applied	with	poultry	manure	
grown	leaves	than	those	applied	with	NPK.	Lowest	proximate	values	were	
obtained	in	the	control	leaves,	which	contained	half	the	contents	found	in	
poultry	manure-grown	 leaves	 (Table	 3).	 However,	magnesium,	 sodium,	
and	water	contents	were	significantly	higher	in	leaves	from	NPK-treated	
soils	 than	 in	 other	 treatments,	 while	 the	 control	 recorded	 the	 lowest	
values.	

There	 was	 a	 positive	 correlation	 between	 number	 of	 cocoons	 and	
nitrogen	and	phosphorus	contents	(P	<	0.05)	and	negative	correlation	with	
mortality	 (Table	 4).	 Calcium,	 sodium,	 and	 magnesium	 contents	 were	
positively	correlated	with	number	of	cocoons,	single	cocoon	weight,	and	
shell	weight,	but	negatively	correlated	with	mortality.	Similarly,	positive	
correlation	existed	between	moisture	content	and	single	cocoon	weight,	
shell	weight,	shell	ratio,	fecundity,	and	percentage	adult	emergence.

 

 Soil amendment   

Plant mineral 

composition (%) 

NPK Poultry 

manure 

No amendment LSD(0.05) 

Nitrogen  �ỳ�� 2.26 1.22 0.04* 

Phosphorus 0.19 0.22 0.14 0.07 

Potassium 0.33 0.69 0.29 0.02* 

Calcium 1.89 2.09 1.20 0.04* 

Magnesium  0.22 0.18 0.15 0.02* 

Sodium 0.06 0.05 0.03 0.01* 

Dry matter 28.79 31.38 30.93 0.65* 

Crude protein 10.54 14.13 7.61 0.22* 

Moisture content 71.21 69.28 69.07 0.59* 

Table	3:	Mineral	composition	of	mulberry	leaves	grown	under	different	soil	amendments

Values	are	means	of	three	replicates;	*,	significant	at	P	<	0.05.
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	Table	4:	The	coefficient	of	linear	correlation	between	the	mineral	and	proteins	content	of	mulberry	leaves	grown	under	different	soil	
amendments	with	cocoon	yields	and	silkworm	developmental	characteristics

 

0°≤°≠ •¥•≤≥ Number of 

cocoon 

Single  cocoon 

weight 

Shell 

wt 

Shell 

ratio 

Laval 

weight  

Pupalwt Fecundity % larval 

emergence 

% adult 

emergence 

%mortality 

Nitrogen (%) 0.573* 0.266 0.252 0.198 -0.373 -0.123 -0.124 -0.185 -0.180 -0.573* 

Phosphorus (%) 0.489* 0.291 0.409 0.368 -0.392 -0.132 -0.057 -0.279 -0.120 -0.489* 

Potassium (%) 0.391 -0.006 -0.048 -0.019 -0.396 -0.204 -0.327 -0.201 -0.388 -0.391 

Calcium (%) 0.669* 0.492* 0.521* 0.398 -0.311 -0.035 0.105 -0.149 0.036 -0.669* 

Magnesium (%) 0.610* 0.696* 0.801* 0.609* 0.019 0.110 0.605* 0.063 0.450 -0.610* 

Sodium (%) 0.740* 0.648* 0.718* 0.547* -0.078 0.041 0.438 -0.008 0.269 -0.740* 

Moisture cont (%) 0.414 0.625* 0.778* 0.607* 0.110 0.120 0.693* 0.136 0.526* -0.414 

Dry matter (%) -0.251 -0.559* -0.677* -0.506* -0.258 -0.175 -0.723* -0.254 -0.579* 0.251 

Crude protein (%) .573*       0.533*         0.265 0.251 0.198 -0.373 -0.123 -0.125 -0.186 -0.18 

*	=	Correlation	is	significant	at	0.05	level
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DISCUSSION

	 Number	 of	 cocoons,	 single	 cocoon	 weight,	 and	 shell	 weight	 are	
significantly	 higher	 in	 silkworm	 fed	 with	 mulberry	 leaves	 from	 plots	
amended	with	NPK	 and	poultry	manure	 compared	 to	 the	 control.	 This	
implies	 that	 application	 of	 fertilizer	 or	 manuring	 is	 important	 for	
maximum	 cocoon	 yield.	 Application	 of	 fertilizer	 is	 essential	 in	 the	
production	 of	 mulberry	 leaves	 and	 consequently,	 on	 quality	 cocoon	
production	(Fang	et	al.	2009).	It	has	been	reported	that	nearly	4.5	billion	kg	
of	mulberry	leaves	would	be	required	for	about	30	million	kg	of	raw	silk	
produced	 each	 year	 globally	 (Gu	 1999;	 Gu	 et	 al.	 2002;	 Miao,	 2002).	
Therefore,	 proper	nutrient	management	plays	 a	 very	 important	 role	 in	
promoting	mulberry	productivity	and	improving	soil	fertility	(Basit	and	
Ashfaq	1999;	Lu	et	al.	2003).	
	 In	this	study,	there	was	a	significant	positive	correlation	between	the	
leaf	contents	of	N,	P,	Ca,	Mg	and	Na,	and	the	number	of	cocoons	produced.	

-1 -1
Also,	application	of	NPK	at	50	kg	ha 	or	manure	at	2	t	ha 	significantly	
increased	 number	 of	 cocoons	 produced	 by	 about	 29%.	 Similar	 reports	
exist	from	earlier	workers.	In	India	for	example,	application	of	K	(100-167	

-1 -1
kg	ha 	)	in	combination	with	N	(400	kg	ha 	)	increased	mulberry	leaf	yield	
by	4.7%	-	9.9%	(Shanker	and	Rangaswamy,1999;	Kherdekar	et	al.,	2000;	
Fang	 et	 al.,	 2009).	 Similarly,	mulberry	 leaf	 yield	 increased	 significantly	

-1
after	increasing	N	rates	from	225	to	450	kg	ha 	and	that	of	P	from	33	to	99	

-1kg	ha 	.	Whereas,	using	the	same	N	rate	without	increasing	P	application,	
leaf	yield	was	reduced	by	more	than	6%	per	ha	(Fang	et	al.	2009;	Saha	
&Setua,	2006;	Basit	and	Ashfaq,	1999).	Similarly,	Sarka	and	Absarm	(1995)	
and	Rouhollah	(2010)	showed	that	nitrogen	and	phosphorus	application	
has	a	positive	interaction	on	mulberry	yield.	
	 Although	mulberry	leaves	from	soil	amended	with	organic	manure	had	
a	 higher	 percentage	 of	 nitrogen,	 phosphorus,	 calcium,	 dry	matter,	 and	
crude	protein,	this	however,	did	not	translate	into	higher	cocoon	yield	and	
shell	 weight	 compared	 to	 cocoons	 produced	 with	 leaves	 from	 NPK-
amended	plots.	Also,	the	larval	and	pupal	weights	were	not	influenced	by	
the	differences	in	the	macro-element	and	crude	protein	content	in	leaves	
from	poultry	manure-	or	NPK-treated	plots.	The	better	yield	observed	in	
silkworm	fed	with	leaves	from	poultry	manure-	and	NPK-amended	plot	
over	that	from	the	control	plot	may	have	been	due	to	higher	concentration	
of	 nitrogen,	 phosphorus,	 calcium,	magnesium,	 and	 sodium	as	 observed	
from	the	leaf	analyses.	Similar	studies	have	indicated	that	crude	protein,	
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potassium,	and	sulphur	contents	in	the	leaves	influenced	cocoon	and	post-
cocoon	parameters	(Shashidhar	et	al.	2009).	This	result	therefore,	implies	
that	application	of	poultry	manure	or	NPK	has	similar	positive	effect	on	
cocoon	 yield,	 and	 either	 material	 can	 therefore,	 be	 used	 in	 mulberry	
cultivation	for	silkworm	cocoon	production.
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