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ABSTRACT Present investigation was undertaken to study yield and phytochemical parameters of mulberry variety Vish-
wa under different spacing systems (2'x1', 2'x2', 3'x3', 4'x4').  Branching pattern differed markedly depend-

ing on the spacing where highest number of shoots/plants and longer shoot length/plant found in 4'x4' followed by 3'x3' 
spacing. Lowest internodal distance observed in 4'x4' spacing and maximum in plants under 2'x2' spacing. Plants under 
different spacing revealed significant difference in 100 fresh leaves weight. Average leaf yield/plant was highest in 4'x4' 
spacing whereas leaf yield/unit area was more in 2'x1' spacing followed by 2'x2' and 3'x3' spacing. No change in moisture 
retention capacity in leaves even after 12hrs under different spacing. Proteins, total sugars and chlorophyll contents were 
high in plants under 4'x4' spacing. Based on the findings, mulberry variety Vishwa grown under 4'x4' spacing revealed 
substantial improvement in yield and phytochemical parameters.

Introduction
Mulberry leaf is the sole food of silkworm Bombyx mori L. 
due to the presence of morin, β-sitosterol and swallowing 
factors (Horie, 1995; Babu et al., 2009). Biotic and abiotic 
factors play a pivotal role in assessing the quality of mul-
berry leaves since mulberry leaf plays a major role in suc-
cessful cocoon production. Genus Morus is cross pollinated 
and highly heterozygous exhibiting considerable taxonomi-
cal plasticity. In India, large number of improved varieties 
has been evolved for commercial purpose in recent years. 
These varieties registered their superiority over traditional 
local varieties in exhibiting increased yield with good qual-
ity leaves, wide adaptability and resistance to stress condi-
tion. Kolar district in Karnataka is the hotspot of sericulture 
activities provides regular employment throughout the year. 
Total area under mulberry is around 13,615hacter with co-
coon production of 10,749MT and industry provides employ-
ment to about 21,276persons (Annual Report, 2012). It has 
become passion for the sericulturists to establish plantation 
using high yielding varieties introduced time to time by the 
research institutes. Vishwa variety is the selected from the 
Dehradun area of Uttar Pradesh where mulberry grows natu-
rally from open pollinated hybrid seedlings. This variety has 
good sprouting and rooting ability with fast growth, suitable 
for 5-6 crops/year. Bushes are of open type, branches simple, 
vertical, rough with short internodes. Leaves are dark green, 
simple, smooth, unlobed, alternate or spirally arranged, 
ovate- broadly ovate, palmately veined and succulent. Leaf 
yield is about 45,000 kg/ha/year under irrigated conditions 
with recommended package of practices. In the present in-
vestigation, high yielding mulberry variety Vishwa was cho-
sen to test its potentiality under different spacing system in 
Kolar region of Karnataka. The major objective of mulberry 
crop improvement is to evolve new elite varieties for high leaf 
yield, resistance to pests, drought and adoptability to differ-
ent agro climatic conditions. 

Materials and Methods
In the present study, five months old saplings of Vishwa mul-
berry variety were procured from KSSR&DI, Thalaghattapura, 
Bangalore. Field experiment was conducted at Bethaman-
gala village of Bangarpet taluk, Kolar district, Karnataka. Ran-
domised block design (RBD) was followed for field experi-
ment. There were four treatments of spacing viz., 2'x1', 2'x2', 

3'x3' and 4'x4' with three replications/ treatment. Standard 
package of practices were followed for the establishment of 
mulberry garden (Krishnaswami et al., 1971; Jolly and Dan-
din, 1986). Leaf yield contributing characters were assessed 
and recorded from time to time following the methods sug-
gested by Dandin and Jolly, (1986); Das et al., (1987); Dandin 
and Kumar, (1989); Bhat and Shilaja Hittalamani, (1992). For 
phytochemical analysis total proteins were estimated accord-
ing to Lowry et al., (1951) method. Total sugars were estimat-
ed by following Plummer (1971) method. Total chlorophyll, 
chlorophyll-a and chlorophyll-b contents from fresh mulberry 
leaves without maceration were estimated using Dimethyl 
sulphoxide (DMSO) as per the methods suggested by Ar-
non (1949) and Hiscox and Israelstam (1979). Leaf moisture 
content and moisture retention capacity were determined 
on fresh weight basis as per the methods suggested by Vi-
jayan et al., (1997). Data collected on various parameters 
were tabulated and subjected to critical statistical analysis by 
adopting ‘Method of Analysis of Variance’ appropriate to the 
design of the experiment (Sundarraj et al., 1972; Singh and 
Choudhary, 1979). 

Results and Discussion 
Results revealed significant difference in average number of 
shoots/plant depending upon spacing. Highest numbers of 
shoots/plant were recorded in 4'x4' spacing (12.79) followed 
by 3'x3' (10.88) and 2'x2' spacing (7.92) and lowest shoots/
plant noticed in 2'x1' (6.54) spacing. It is largely due to lack 
of space and nutrition for the plant to grow vigorously (Table 
1). Therefore, competition exists for raw materials such as 
aeration, light intensity, soil moisture, nutrients etc., leading 
to poor yield. Bongale et al., (1991) observed that, mulberry 
plants raised under wider spacing exhibit better crop canopy 
resulting in leaf quality improvement. Initially average shoot 
length/plant found highest in 4'x4' (136.54cm) spacing fol-
lowed by 3'x3' (127.69cm) and 2'x2' (120.77cm) lowest shoot 
length/plant in 2'x1' (108.24cm) spacing. Shorter internodal 
distance was observed in 4'x4' spacing (5.97cm) followed by 

3'x3' spacing (6.30cm) and 2'x1' spacing (6.48cm) and longer 
internodal distance recorded in 2'x2' spacing (6.32cm) (Table 
1). It has been observed that internodal distance varied in 
plants grown under different spacing and it is an important 
genotypic character determines total foliage produced by a 
plant (Fotadar et al., 1989). Significant difference in 100 fresh 
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leaf weight was observed in plants grown in different spac-
ing. Highest fresh leaf weight was noticed in 4'x4' spacing 
(648.05g) followed by 3'x3' (581.03g), 2'x2' (454.56g) and 2'x1' 
spacings (523.45g). (Table 1). This may be due to low to me-
dium input conditions under close planting system compared 
to wider spacing (Bongale et al., 1991). Plants grown under 
4'x4' spacing recorded highest leaf yield/plant (1.52kg) fol-
lowed by 3'x3' (1.21kg) and 2'x2' spacing (0.63kg), in case of 
2'x1' spacing, yield was too low (0.42kg). Average leaf yield/
plant in 4'x4' spacing was high as yield contributing characters 
like number of shoots and shoot length/plant were more with 
decreased internodal distance (Table 1). Average weight of 
100 leaves was high in plants raised under 4'x4' spacing and 
is suitable for high leaf yield. Similar recommendations were 
made by Sutani et al., (1989) and reported that, spacing of 
1mx1m for mulberry growth in Islamabad and Fonseca et al., 
(1987) reported spacing of 1.5mx1m in Brazil for good mulber-
ry growth. Phytochemical constituents revealed slight variation 
in soluble proteins (3.60%, 3.51%, 3.78%, 4.62%), total sug-
ars (1.52%, 1.31%, 1.21%, 2.30%), chlorophyll-a (1.38, 1.51, 
1.29, 2.42 mg/g.f.wt) and total chlorophyll content (2.52, 2.86, 
2.61, 3.74 mg/g.f.wt) in plants raised under 2'x1', 2'x2', 3'x3', 
4'x4' spacings respectively. However, there is a considerable 
difference in chlorophyll-b (1.12, 1.38, 1.32, 1.26 mg/g.f.wt) 
content in plants under different spacings (Table 3). Moisture 
content is high in plants grown under 4'x4' (66.18%) and mini-
mum in 2'x1' spacing (60.29%). Moisture retention capacity is 
also high in 4'x4' spacing (60.58%) after six hours of harvest 
compared to plants raised under 3'x3', 2'x2' and 2'x1' spacing 
(59.58%, 58.76%, 58.46%, 57.85% respectively). This may be 
due to leaves grown under 4'x4' spacing are broad, thick and 
succulent.

Most of the mulberry species in tropical conditions display 
tremendous rooting ability because mulberry propagation 
was carried out through cuttings (Doss, 2000). Survival rate 
is considered as one of the important criteria as mulberry 
varieties are propagated through vegetative means (Tikader 
and Kamble, 2009). Yokoyama (1963) reported that, mulberry 
leaf yield depends on the number and length of shoots, in-
ternodal distance and leaf weight/plant. Present findings are 
in conformity with his observations. In profusely branching 
varieties, yield is high even with less number of plants/unit 
areas. A decline in yield with a decline in plant population 
density was noticed in the present study. Many workers re-
ported that, mulberry leaf yield largely depend on various 
leaf yield contributing characters, genotype and agronomic 
practices followed (Kasivishwanathan and Iyengar, 1970; Ran-
gaswami et al., 1976; Shastry et al., 1980; Jolly and Dandin, 
1986; Bari et al., 1989; Bindroo et al., 1990; Dandin et al., 
1993). Madhava Rao et al., (1996) conducted an experiment 
under different spacing system planted with K2 mulberry 
variety. Results revealed that, between two treatments, sig-
nificantly higher leaf yield (35,945kg/ha/year) was recorded 
in closer spacing (60cmx60cm) against 30,8711kg/ha/year 
in wider spacing (90cmx90cm). Sarkar et al., (1996) studied 
five different spacings viz., Indo-Japanese system (90+180)
x60cm), Indo-Brazil system (90+90+90+270)x60cm), Japa-
nese system (180cmx60cm) along with Indian (90cmx90cm 
and 60cmx60cm) spacing with three different fertilizer doses 
namely N:P:K@ 300:120:120, 350:140:140 and 400:160:160 
kg/ha/year by using S36 mulberry variety. Results of two 
years pooled data indicated that, Indo-Japanese system of 
plantation produced 60.9metric tone/ha/year of leaf signifi-
cantly out yielding (54.9 metric tone/ha/year) under N:P:K @ 
300:140:140kg/ha/year. Meera Bai (1997) conducted an ex-
periment with mulberry variety Kanva2 under three spacing 
systems (60cmx60cm, 75cmx75cm and 90cmx90cm). Results 
revealed that, among three spacing systems, 60cmx60cm 
spacing significantly increased leaf yield, leaf area index, 
leaf dry matter, total dry matter and growth rate compare 
to other spacing methods and economic analysis revealed 
that closer spacing 60cmx60cm is profitable for mulberry. 
Rubia et al., (1996) studied three varieties of mulberry like 
Calabreza, Fernão Dias and Lopes Lins under three spacings 

1.5mx1.0m, 1.5mx1.5m and 1.5mx2.0m for leaf production. 
Results proved best production of leaves obtained with mul-
berry variety Calabreza in 1.5mx1.0m spacing. Choudhury 
et al., (1991) reported maximum mulberry leaf yield/ha were 
obtained at a 60cmx60cm spacing and sharp decline in leaf 
yield with increase in spacing. Tikader et al., (1993) observed 
mulberry leaf yield was higher in 60cmx30cm spacing com-
pared to 60cmx60cm spacing for all the varieties examined. 
Madhavarao and Mishra (1997) conducted an experiment 
with Kanva2 mulberry variety grown under 60cmx60cm and 
90cmx90cm spacing systems and reported that, two years 
pooled data revealed a significant reduction in leaf yield 
in 90cmx90cm spacing compared to 60cmx60cm spacing. 
Between the crops, significantly higher leaf yield (35.7met-
ric tone/ha/year) recorded in 60cmx60cm spacing against 
30.1metric tone/ha/year in 90cmx90cm spacing. Mallikarju-
nappa et al., (1998) evaluated S41 and M5 mulberry genotypes 
for leaf yield and leaf moisture content under different plant 
spacings methods and reported that, leaf yield and leaf mois-
ture content differed significantly with respect to genotypes 
and spacings methods. S41 genotype revealed higher leaf 
yield (35,837kg/ha) and leaf moisture (75.83%) compared 
to M5 genotype (31,238kg/ha, 75.35%) in both 60cmx30cm 
and 60cmx60cm spacing. Patak and Iyer, (1988) observed 
that, mulberry variety S1708 showed maximum leaf moisture 
content grown under 60cmx60cm spacing among all other 
varieties examined. Tikku, (1998), Doss et al., (2000) were re-
ported that, mulberry variety S1708 under 60cmx60cm plant 
spacing showed maximum leaf sugar and leaf moisture con-
tents among all the varieties studied. Rahman et al., (1999) 
observed the performance of S1635 mulberry variety under dif-
ferent planting systems for leaf yield and chemoassay param-
eters and reported that, leaf yield was 25,411 kg/ha/year in 
60cmx60cm whereas in the closer spacing it was 23,553 kg/
ha/year. Longest shoot length, total shoot length, internodal 
distance and leaf fall percentage showed significant variation 
among the spacings. There is not much variation in leaf mois-
ture content in plants cultivated under different spacings. 
Sugar and protein contents in leaf were also higher in plants 
cultivated in 60cmx60cm spacing. Bongale et al., (2000) con-
ducted an experiment with mulberry cultivars M5, S36 and 
Vishwa grown in two plant spacings (60cmx60cm & 90cmx-
90cm) under irrigated condition and reported that, leaf mois-
ture and leaf yield were significantly high in Vishwa (75.11% 
& 52757kg leaf/ha/year) followed by S36 (74.71% & 53248 kg 
leaf/ha/year) and M5 (73.3% & 44690 kg leaf/ha/year). San-
tosha Gowda V. Patil (2002) evaluated mulberry genotypes 
S1635 and M5 under plant spacing 60cmx60cm and pit system 
under irrigated conditions. Results showed that, genotype 
S1635 recorded higher total shoot length, stem weight/plant, 
number of branches/plant, number of nodes/meter, fresh leaf 
weight and leaf yield/plant compared to M5 genotype. Leaf 
moisture content and moisture retention capacity were more 
in S1635 leaves than M5 leaves and S1635 genotype was found 
superior in nutritive quality parameters compared to M5 gen-
otype. Mohamed Tom Ahamed Eltayb et al., (2013) revealed 
that, spacing and mulberry species have significant effect 
on growth parameters. High leaves number was obtained 
from the species Morus alba, followed by Morus mallotfolia 
and M. acidosa. Also M. alba and M. mesozygia recorded 
more leaves weight and high yield than other species. This 
study showed spacing 1.00mx1.00m and 1.50mx1.00m gave 
higher yield/unit area than other spacing treatments. Present 
study showed significant variations in all growth parameters. 
Results are in conformity with the results of Honda T. (1970) 
who stated a significant variation on survival and growth of 
mulberry. Moisture retention capacity plays an important role 
because leaves with high moisture remain fresh and accept-
able to silkworms for longer time (Kasivishwanathan, et al., 
1973; Yokayama, 1975). Further, stomatal size and frequency 
play a major role in moisture retention in mulberry leaves (Su-
sheelamma and Jolly, 1986). 

Conclusion
Ultimate goal of any plant breeder is to evolve high yield-
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ing suitable varieties which can suit all seasons and regions. 
Superiority of the race can be ascertained by detailed evalu-
ation of varied physic-chemical parameters coupled with bio-
assay. Vishwa which is gaining popularity in recent years and 
tested under different spacing systems and it was observed 
that wider spacing (4'x4') is found to be more beneficial com-
pared to other modes of spacing adopted in mulberry plan-
tation. Due to copious absorbance of sunlight, supply of nu-
trients, water and sumptuous aeration in wider spacing play 
a pivotal role in availing the beneficial morpho-biochemical 
traits. It is further required to subject the variety for bioassay 
tests to confirm the hegemony of the race over a period of 
time. 

Table 1: Effect of different spacing on growth and yield 
parameters of Mulberry variety Vishwa.

Spacing 
Treat-
ments

No. of 
shoots/
plant

Shoot 
length/ 
plant 
(cm)

Inter-
nodal 
dis-
tance 
(cm)

100 
fresh 
leaf 
weight 
(gm)

Leaf yield/ 
plant(kg)

2'x1' 6.54 108.24 6.32 523.45 0.42
2'x2' 7.92 120.77 6.48 454.56 0.63
3'x3' 10.88 127.69 6.30 581.03 1.21
4'x4' 12.79 136.54 5.97 648.05 1.52
CD @ 5% 1.08 19.62 0.59 68.12 0.18

Table 1: Effect of different spacing on phytochemical con-
stituents of Mulberry variety Vishwa.

Spacing 
Treat-
ments

Solu-
ble 
Pro-
teins 
(%)

Total 
Sug-
ars 
(%)

Chloro-
phyll-a 
(mg/
g.f.wt)

Chloro-
phyll-b
(mg/
g.f.wt)

Total 
Chlo-
ro-
phyll
(mg/
g.f.wt)

Mois-
ture 
con-
tent 
(%)

Mois-
ture 
reten-
tion 
ca-
pacity 
(%)

2'x1' 3.60 1.52 1.38 1.12 2.52 60.29 57.85

2'x2' 3.51 1.31 1.51 1.38 2.86 61.28 58.46

3'x3' 3.78 1.21 1.29 1.32 2.61 61.66 58.76

4'x4' 4.62 2.30 2.42 1.26 3.74 66.18 60.58
CD @ 
5% 0.29 0.31 0.24 0.19 0.32 1.82 2.71


