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An experiment was conducted to study the efficiency
of cyanobacterial biofertilizer (CBB) with chemical
(NPK) fertilizer on quantitative and qualitative char-
acters of mulberry variety Kanva-2. Their influences
on silkworm growth and cocoon characters were also
studied. Ten different CBB and NPK fertilizer treat-
ments were given to 5000 plants of established mul-
berry garden. Treatments were of four types viz., (i) T1
to T7: single and combination dose of CBB+50%
NPK (ii) T8: combination dose of CBB+25%NPK,
(iii) T9: CBB only and (iv) T10: control—100% NPK.
Soil pH decreased and nutrients status increased in
CBB (T1-T9) treated plots. Average of ten crops data
on quantitative traits revealed that T7 (CBB [N. mus-
corum (1.0 g), A. variabilis (1.0) and S. millei (1.0 g)] +
50% NPK) was very effective in improving growth
parameters. Leaf yield was also found high in treat-
ment T7 (32.12 tons/ha/yr.) followed by T10 (31.17
tons/ha/yr.) and T8 (27.67 tons/ha/yr.). Leaf quality
characters were found high in T7 and low in T9. Most
of the quality traits in T7 are on par with control T10.
The results revealed that reduction in the dose of
chemical fertilizers in T7 did not affect the leaf yield
and leaf quality traits of mulberry. This clearly indi-
cates that the efficiency of CBB (T7) provides nitrogen,
increases essential nutrients available in soil, maintain
soil pH and supply growth substances required for the
improvement of leaf yield and leaf quality of mulberry.
Bioassay study also revealed no significant difference
in silkworm growth and cocoon characters between
treatments T7 and T10. Economics calculated revealed
that T7 is highly economical and beneficial over T10
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by gaining an amount of Rs. 660/-/acre/crop. Thus,
treatment T7 containing N. muscorum (1.0 g), A. vari-
abilis (1.0 g) and S. millei (1.0 g) +50% NPK fertilizers
can be recommended to sericulturists mainly to reduce
the use of NPK fertilizers, by saving 50% of its cost
and to improve soil fertility conditions, which in turn
improves leaf yield and quality of mulberry.
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Introduction

Cyanobactreria (Blue green algae) are free living photo-
synthetic bacteria contain chlorophyll, carotenoids and
some unusual accessory pigments such as phycobilins.
They are widely distributed in fresh water, marine and ter-
restrial environments. Cyanobacteria occur singly or in
colonies and often grow under extreme environmental
conditions such as high temperature and salinity (Jacob-
son et al., 1993). Some of them exists in the form of fil-
aments, {4nabaena and Nostoc species) which possess a
specialized cells called heterocyst, arise from normal veg-
etative cells of cyanobacterium in response to low levels
of reduced nitrogen (Rai, 1990; Jacobson et al., 1993).
Cyanobacteria have the ability to carry out both photo-
synthesis in normal vegetative cells and nitrogen fixation
in heterocyst cells (Mackerras ef al., 1990; Jacobson et al.,
1993; Ehiras et al., 2003; Huang et al., 2005). Nitrogen
fixing cyanobacteria are capable of forming symbiotic
association with various plants and fungi (Stewart et al.,
1983; Peters, 1990; Rowell and Kerby, 1991; Bergman et
al., 1992). In symbiosis with plant, cyanobacteria fix
atmospheric nitrogen and release organic matter, which is
taken up by plants (Rai, 1990; Gantar et al., 1995; Rai et
al., 2000). The biological activity of cyanobacteria was
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not affected even after application of recommended doses
of pesticides or herbicides to plants (Venkataraman and
Rajyalakshmi, 1972) and cyanobacteria helps to retain
soil moisture and improves soil fertility condition (Roy
Choudhury et al, 1979; Islam and Hashem, 1995;
Hashem, 1997; 2001).

In several crops chemical fertilizers were used fre-
quently and due to that soil fertility condition gradually
deteriorated. Therefore, scientists have intensified their
efforts to reduce the use of chemical fertilizers by using
biofertilizers (Ambica ef al., 1994; Reddy et al., 2000;
Dubey, 2000). Biofertilizers are cost effective, eco-
friendly and a renewable source of plant nutrients to sup-
plement chemical fertilizers (Marwaha, 1995; Dubey,
2000). For the last two decades, biofertilizers such as 4zo-
tobacter, Azospirillum, Vesicular Arbuscular Mycorrhiza
(VAM) and Cyanobacteria were used extensively in many
crops primarily to reduce frequent use of chemical fer-
tilizers, to save the soil fertility condition and to improve
the plant growth (Venkataraman, 1986; Subba Rao, 1988;
Gangawar and Thangavelu, 1992; Das et al., 1994; Mar-
waha, 1995; Hashem, 1997; 2001; Reddy et al., 2000).
Cyanobacterial biofertilizer (CBB) has been used in dif-
ferent crop plants, however some of the scientist reported
that CBB cannot totally replace the addition of chemical
fertilizer to improve soil fertility and crops yield (Venka-
taraman, 1986; Gantar er al., 1991; Jayaram and Shan-
mugasundaram, 1993; Hashem, 2001).

In mulberry, a very few reports are available on the
effect of cyanobacteria on chemical and nutritional prop-
erties of salt affected soil of mulberry garden and its pro-
ductivity (Bose and Majumder, 1999). However, its effect
on different yield attributing characters/leaf quality of
mulberry and its influence on silkworm cocoon characters
are not studied so far. Therefore, the present investigation
was undertaken to study in detail on the efficiency of
cyanobacterial biofertilizer (CBB) with chemical fertilizer
(NPK) on leaf yield and leaf quality characters of mul-
berry and its impact on silkworm growth and cocoon
characters.

Materials and Methods

An experiment was conducted in the farmer’s field of Sin-
dualli village, Mysore district to study the efficacy of
cyanobacterial biofertilizer (CBB) and chemical fertilizer
(NPK) on leaf yield and leaf quality of mulberry. Before
conducting the experiment, soil pH, Organic Carbon
(OC), total nitrogen (N), available phosphorus (P), potas-
sium (K) and cyanobacteria spp. in the soil were noted.
For the study, three species of cyanobacteria viz., Nostoc

muscorum (Nm), Anabaena variabilis (Av) and Scy-
fonema millei (Sm) were used as cyanobacterial biofer-
tilizers. The samples of these nitrogen-fixing cyano-
bacteria were obtained from Indian Agricultural Research
Institute (IARI), New Delhi and subcultured in the labo-
ratory, Department of Botany, University of Mysore.
From these stocks, large volumes of cyanobacteria were
prepared and lyophilized. Then the powdered cyanobac-
teria were mixed with Farmyard manure and inoculated to
the soil by the standard procedure (Venkataraman, 1972;
Anonymous, 1978) was followed. In the present study,
two different doses of CBB ((i) 22 kg/acre/crop and (ii)
32.6 kg/acre/crop) and three different doses of NPK viz., (i)
N:P:K ratio (25%):6:2.4:2.4 kg/acre/crop (ii) N:P:K
(50%):12:4.8:4.8 kg/acre/crop and (iii) NPK (100%)
24:9.6:9.6 kg/acre/crop as per the recommended dose of
CSR&TI, Mysore were used (Anonymous, 1999). The
doses of CBB and chemical fertilizers were calculated and
converted into grams/plant for different treatments. After
application of CBB, irrigation was given continuously for
three days and there after irrigation was maintained once
in four days. For the study, 5000 mulberry plants were uti-
lized for 10 different treatments and for each treatment 5
replications were maintained by following randomized
block design and each replication consists of 100 plants.
The treatments viz., T1: Nm (2.0gm)+50% NPK; T2: Av
(2.0gm)+50% NPK; T3: Sm (2.0gm)+50% NPK; T4:
Nm (1.0gm)+ Av (1.0gm)+50% NPK; T5: Nm (1.0gm)+
Sm (1.0gm)+50% NPK; T6: Av (1.0gm)+Sm (1.0gm)+
50% NPK; T7: Nm (1.0gm)+ Av (1.0gm)+ Sm (1.0gm)+
50% NPK; T8: Nm (1.0gm)+Av (1.0gm)+Sm (1.0g)+
25% NPK; T9: Nm (1.0gm)+ Av (1.0gm)+ Sm (1.0g) and
T10: 100% NPK as control. These treatments were
broadly classified into four types, (i) T1 to T7: single and
combinations of CBB+50% NPK; (ii) T8: combination
of CBB +25% NPK; (iii) T9: combinations of CBB with-
out NPK and (iv) T10: 100% NPK as control.

Newly established (half an acre) K2 mulberry garden of
a progressive sericulture farmer was selected and a total of
5000 plants (grown in 2’ x 2’ spacing) were taken for the
experiment. These plants were pruned 20 cm above
ground level and after 15 days CBB was applied and after
15 days NPK was applied as per the recommended dose
of Central Sericultural Research and Training Institute,
Mysore (Anonymous, 1999). Farmyard manure applica-
tion and other cultural operation were done according to
the norms of CSR&TI, Mysore. After 65 days of pruning,
20 plants were randomly selected replication wise from
each treatment and data on different morphological char-
acters viz., Length of the longest shoot as plant height
(cm), average shoot length (cm), number of shoots/plant,
number of leaves/plant, single leaf area (cm?) using leaf
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area meter model CI 203 and weight of 100 leaves (kg)
were recorded. Again pruning was done and same pro-
cedure was followed for each crop. Ten crops data were
recorded as above for two years (2000-2001) and statis-
tically analyzed (Snedecor and Cochran, 1967). Leaf yield
data was recorded in each of the ten treatments by har-
vesting leaves separately in each treated and control plot
then weighed and calculated for tons/ha/yr.

From the treatment field, fully expanded mature leaves
(14%/15" leaf from top) were collected replication wise
and estimated qualitative characters, such as Leaf mois-
ture (%) and moisture retention capacity (%) after 6 hrs of
harvest by following the method of Vijayan er al. (1996).
Total Chlorophyll (mg/gm.f.wt.) was estimated following
the procedure of Hiscox and Israelisiam (1979). Leaf sam-
ples collected were processed, dried and used in triplicate
for analysis of Protein % by Lowry et al. (1951), total
amino acid following ninhydrin method by using leusine
as standard (Spies, 1955). Nitrogen content estimated by
micro-kjeldahl method (Jackson, 1973) and Sugar content
(soluble carbohydrate) was estimated adopting phenol sul-
phuric acid method (Dubois et al., 1956).

Further to verify the efficacy of CBB on leaf quality and
its influence on silkworm growth and cocoon characters, a
bio-assay study was conducted for three seasons with PM
xNB4D,. The rearings were carried out as per the
improved technology of silkworm rearing (Krishnaswami,
1978). Leaves from CBB treated (T7) and control (T10)
plots were used for feeding the silkworm till spinning.
Average of three seasons data on weight of 10 mature lar-
vae (g), Larval duration, Effective Rate of Rearing (ERR)
by number and by weight, Single cocoon weight, Single
shell weight and Shell ratio (%) were recorded separately
and analyzed statistically (Snedecor and Cochran, 1967).
The economics were calculated for treatment T7 and com-
pared with control T10, based on cost of CBB, leaf mate-
rial, labour charges and income gain over chemical
fertilizer.

Results and Discussion

The present experiment was aimed to study the effect of
cyanobacterial biofertilizer (CBB) with and without
chemical fertilizers (NPK) on leaf yield and leaf quality of
mulberry and its influence on silkworm growth and
cocoon characters. After crop wise application of CBB for
six months, it was observed that soil pH which was ini-
tially 8.4 was decreased to 7.0—-7.4 in different CBB
treated plots. The decrease in soil pH in different treated
plots was mainly due to the influence of CBB. The reduc-
tion in soil pH by cyanobacterial inoculation has been

reported by few scientists (Hashem, 1997, 2001; Bose and
Mujamder, 1999). The nutrients in CBB treated plots were
found increased as compared to control plot. Initially the
availability of nutrient status in soil was (i) OC: 0.35%,
(1) N: 0.032%, (iii) P: 7.00 kg/ha, (iv) K: 170 kg/ha. After
the CBB treatment, the range of different nutrients
increased to (i) Organic carbon: 0.42—-0.57%, (ii) total
nitrogen: 0.048-0.060%, (iii) available phosphorus: 11—
16 kg/ha and (iv) available potassium: 190—215 kg/ha.
Similar results were reported in mulberry by Bose and
Majumdar (1999). Cyanobacteria inoculation helps to
retain soil moisture, reduces soil pH, increases organic
matter and liberates different hormones that stimulate
plant growth (Hashem, 2001; Meeks and Elahi, 2002).

Quantitative characters of Mulberry

The average of 10 crops data on seven quantitative char-
acters viz., Plant height, average of shoot length, no. of
shoots/plants, no. of leaves/plant, 100 leaves wt., single
leaf area and leaf yield (tons/ha/yr.) were recorded in dif-
ferent CBB treatments and in control (100% NPK) are
presented in Table 1. In general all the morphological
traits exhibited superior performance in T7 (combinations
of CBB+50% NPK). Whereas, these traits showed low
performance in T9 (only CBB). The quantity of CBB used
in T7 and T8 are same (3 g/plant) but difference in
response of growth parameters were noticed, this may be
due to difference in the dose of NPK used in these treat-
ments (Table 1). ‘

Leaf yield recorded was found high in T7 (32.12 tons/
ha/yr), while it was low in T9 (18.20 tons/ha/yr). Even
after reduction in dose of NPK, higher leaf yield was
obtained in T7, this was mainly due to efficiency of CBB
and its additional supply of plant nutrients, improvement
of soil environment, biological process in soil, liberation
of growth promoting substances and vitamins (Hemanth
Kumar and Kaushik, 1989; Bose and Majumder, 1999;
Hashem, 2001). Lower leaf yield in T9 clearly indicates
that CBB alone may not be able to supply the required
quantity of essential nutrients and other growth substances
for normal plant growth, therefore it was observed that
optimum quantity of NPK fertilizers is also needed for
effective improvement in growth and leaf yield in mul-
berry. It was reported in other crops that biofertilizers
application couldn’t totally replace chemical fertilizers
(Venkataraman, 1986; Hashem, 2001).

It was observed in the present study that mixture of
three species (N. muscorum + A. variabilis + S. millei) of
CBB treatment (T7 and T8) were found more effective in
improving the morphological traits than one and two spe-
cies of CBB treatment (T1 to T6). These results were sim-
ilar to the findings of Bose and Majumder (1999) in
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mulberry. Most of the traits in two species of CBB com-
binations (T4-T6) showed better response than single
species of CBB treatments (T1 —T3). Higher dose of CBB
coupled with 50% NPK fertilizer in T7, proved more
effective in enhancing leaf yield and yield attributing
characters (Table 1). It was well established that nitrogen
fertilization has no negative effect on nitrogen fixation of
cyanobacteria (Bose and Majumder, 1999). Nitrogen fix-
ation in cyanobacteria is brought by a high molecular
weight metalloprotein enzyme known as nitrogenase and
it is well protected in heterocyst cells. Usually in symbi-
osis with plants, heterocyst cells frequencies are increased
3 to 10 fold (Meeks and Elahi, 2000). The quantity of
CBB used in T7 might have increased the number of het-
erocyst cells in cyanobacteria which in turn convert more
quantity of atmospheric N, into ammonia with the result
more quantity of nitrogen is utilized and ultimately
improvement in growth and yield were recorded in the
treatment.

Leaf quality characters

The growth of silkworm, Bombyx mori L. and production
of cocoons mainly depends on proper feeding of good
quality mulberry leaves to silkworm. Therefore, it is
essential to study leaf quality characters such as leaf mois-
ture %, moisture retention capacity %, total chlorophyll,
protein, nitrogen, sugar and amino acid contents. These
traits were estimated in leaves of different treatments of
CBB with and without chemical (NPK) fertilizer is given
in Table 2. The leaf moisture % and moisture retention
capacity was found high in T7 followed by T10 (control)
and T8 as compared to other treatments. The identifica-
tion of good quality leaves are primarily based on the
higher leaf moisture %, moisture retention capacity % in
leaves (Bongale and Chaluvachari, 1995; Sujathamma
and Dandin, 2000) and it is positively related with
increased growth of silkworm larvae (Paul er al., 1992).
These two traits are under the influence of genetic and
environmental factor (Vijayan et al., 1997). In the present
experiment the T7 was found on par with T10 control. It
clearly indicated that the growth and moisture content of
leaves are not affected even after reducing the recom-
mended dosage of NPK fertilizers, this may be due to the
efficacy of CBB, which had compensated the less use of
NPK fertilizer.

Total chlorophyll content in leaves were found high in
T7 (2.94 mg/g.fwt.) and T10 (control 2.91 mg/g.f.wt.)
and it was low in other treatments (2.20 to 2.76 mg/g.f.wt)
are presented in Table 2. Higher chlorophyll content in
leaves indicates the photosynthetic efficiency, therefore it
may be used as one of the criteria for quantifying pho-
tosynthetic rate in mulberry (Sujathamma and Dandin,

2000). Among the CBB treatments, total nitrogen and
amino acid contents were found high in T7. Whereas,
these traits were found low in T9 and in other treatments.
Higher contents of both nitrogen and amino acid in leaves
proved nutritively superior (Machii, 1989; Machii and
Katagiri, 1991). Higher amino acid content increases the
growth and development of silkworm, which in turn
enhances the synthesis of silk protein (Machii and Kata-
giri, 1991). Similarly, protein content was found high in
T7 (23.43%) and it was low in T9 (19.18%). Horie (1980)
reported that optimum dietary protein level should be 20 -
25%, which is required for better growth of silkworm lar-
vae. In the present study also the level of protein content
in T7 and T10 was found high and within the optimum
range (Table 2).

Mulberry leaves contain plenty of carbohydrates (Har-
atsuka, 1971), which are utilized by silkworm as energy
source and for synthesis of lipids and amino acids (Horie,
1978). It can be calculated based on total sugar and starch
available in leaves (Bose and Bindroo, 2001). In the
present experiment, total sugar was found high in T7
(12.41%) and it was on par with control (T10: 12.56%)
(Table 2). This clearly indicates that reduction in dose of
chemical fertilizer did not affect the quantity of sugar con-
tent and may be due to efficiency of combination of CBB.
Over all results revealed that combinations of CBB cou-
pled with 50% NPK fertilizers proved effective in enhanc-
ing leaf quality characters. Whereas, use of CBB
treatment alone proved less effective in improving leaf
quality characters. It was observed that use of CBB alone
may not fulfill the nutrient/fertilizer requirement of the
plants therefore, combined dose of CBB+NPK fertilizer
application is most essential for effective improvement on
growth and quality of mulberry.

Silkworm rearing performance

The mulberry leaves collected in T7 (CBB +50% NPK)
and control (100% NPK) was utilized to study their
impact on silkworm growth and cocoon characters. The
average of three seasons data recorded on silkworm
growth and cocoon characters are summarized in Table 3.
In general, significant difference was not observed in dif-
ferent rearing parameters between two treatments (T7 and
T10 control). However, marginal improvement on silk-
worm growth and cocoon characters was recorded, when
silkworm larvae were fed with the leaves of T7 (Table 3).
The reduction in the dose of chemical fertilizers (50%
NPK) did not affect either leaf quality or cocoon char-
acters and this may be due to the efficiency of CBB which
had compensated the less use of chemical fertilizers by
supplying required amount of nitrogen and other essential
nutrients/growth hormones to maintain normal plant
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Table 3. Rearing performance and cocoon characters of silkworm in T7 and T10

. Recommended dose of chemical Fertilizer N:P:K (kg/acre/crop)

12: 4.8: 4.8 NPK (50%) 24:9.6: 9.6 NPK (100%)

. i i 1
Treatments d%l?;:;?)lrl | O\Yr:a’(t)ufre (I;J\IIER) (F;NRF) cso1 2 f (1)?1 Ss}rllegllle ?:tei:o
(days) larvae (gm) ' ' wi(@ () %)
T7: CBB + 50% NPK 28.02 41.25 8250 14.00 1.700 0.300 17.64%
T10: 100% NPK (Control) 28.10 40.67 8020 13.20 1.630 0.286 17.54%
SE £ ©0.040 0.290 1153 0.401 0.035 0.006 0.050
Table 4. Economics calculated for T7 and T10 for one acre mulberry plot
Particulars T7 T10
1. Fertilizers used for experiment CBB + 50%NPK 100% NPK
2. No. of plants/acre/crop (2° X 2” spacing) 10,890 10,890
3. CBB used (gm/plant) 3.0gm -
4. CBB used (kg/acre/crop) (item 2 x 3) 32.60 kg -
5. Cost of CBB (@Rs.6/Kg) (item 4 x 5) Rs. 195/- -
6
7

. Types of NPK..fertilizer used: (item 6 x 7 a,b,c)
A.S.=20.6%N
SSP.=16% P
(c) MOP. = 60% K

8. Total NPK. Fertilizer (kg/acre/crop)

9. NPK Fertilizer used (gm/plant) (item 8 + 2)

10. Cost of NPK Fertilizer: (item 7 x 10 a,b,¢)

(a) AS.=Rs. 643 /kg '

(b) SSP.=Rs. 3.43 / kg

(c) MOP.=Rs. 4.45 / kg

11. Total amount Rs. acre/crop

12. Labours used for fertilizer application

13. Labour charges (Rs.50/ manday)

14. Total Expenditure incurred (item 5 + 11 + 13)
15. Leaf yield (kg/acre/crop)

16. Cost of leaf (@ Rs. 2/kg) (item 15 x 16)

17. Income gain per acre/crop (item 16 -14)

18. Gain over chem. fert.

19. Net income over chem.fert. (Rs./ha/year)

20. Cost: Benefit ratio

58.25 kg 116.50 kg
30.00 kg 60.00 kg
8.00 kg 16.00 kg
96.25 kg 192.50 kg
9gm 18gm
Rs. 374.50/- Rs. 749/-
Rs. 102.90/- Rs. 205.80/-
Rs. 35.60/- Rs. 71.20/-
Rs. 513/- Rs. 1026/-
3 2
Rs. 150/- Rs. 100/-
Rs. 858/- Rs. 1126/-
2570 kg 2494 kg
Rs. 5140/- Rs. 4748/-
Rs. 4282/- Rs. 3622/-
Rs. 660/- -
Rs. 8250/- .
1:1.3 -

AS:

growth with the result leaf quality was not affected and
due to the reason, silkworm growth and cocoon characters
were also not affected.

Based on the observations recorded, economics were
calculated for T7 (CBB+50% NPK) and T10 (100%
NPK) for one acre mulberry garden are presented in Table
4. Expenditure incurred on cost of fertilizers and labour
charges for T7 was Rs. 858/-while, for T10 it was Rs.
1126/-. Leaf yield (tons/acre/crop) obtained and cost of
leaves (@ Rs.2/kg) in T7 was Rs. 5140/- whereas, in T10
it was Rs. 4748/-. A total gain of Rs. 660/-/acre /crop can

Ammonium sulphate (N), SSP: Single super phosphate (P) and MOP: Murate of potash (K)

be obtained in T7 over control T10. Net income gain after
the use of T7 for one hectare per year is Rs. 8250/-. This
clearly indicates that T7 is highly economical, ecofriendly
and beneficial as compared to T10 control (Table 4).
An overall view of the results indicated that T7 (CBB+
50%NPK) is very effective in enhancing all the quanti-
tative traits. However, with regard to leaf quality, most of
the quality traits in T7 are on par with T10 control. Reduc-
tion in the dose of NPK fertilizer in T7 did not affect the
leaf yield or the leaf quality traits. Further reduction in the
dose of NPK fertilizer in T8 (CBB +25%NPK) resuited
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with lower leaf yield and leaf quality as compared to T7
and T10. Use of CBB alone (T9) proved less effective in
improving the quantity as well as quality traits. Bioassay
study between two treatments (T7 and T10) showed no
significant difference in silkworm growth and cocoon
characters. Economics calculated also revealed T7 (CBB
+50%NPK) is highly economical and beneficial over T10
(100% NPK). Cyanobacteria are cheap source of nitrogen,
increases available P and S level in soil, water holding
capacity of soil, do not cause pollution and maintain
biodiversity of soil (Hashem, 2001). Therefore, it is con-
cluded from the experiment that T7 (3gm of CBB+50%
NPK) can be recommended to sericulture farmers mainly
to reduce the use of chemical fertilizer (NPK), by saving
50% of its cost, besides improving the soil fertility con-
dition, which in turn improves the leaf yield, quality of
mulberry.
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