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Abstract 

It is well established fact that, in sericulture, more than 60% of total cost of 
cocoon production goes towards Mulberry production alone. Hence, in recent 
years maximum attention has been given for the improvement of mulberry both 
in terms of quality and quantity. Nutritive value of mulberry (Morus spp.) leaf is 
a key factor besides environment and technology adoption for better silkworm 
cocoon crop. Among the various factors influencing silkworm growth, leaf 
quality plays a major role. It is a fact that leaf quality differs among mulberry 
varieties. Quality and quantity of mulberry leaves is highly influenced by 
varieties, cultivation practices, preservation techniques and age. Mulberry 
leaves containing more total sugar, protein and chlorophyll content are best 
relished by silk worm. Nutritive requirement of silkworm larvae vary with 
maturity of leaves. Experiment revealed that mulberry verities C776, BC259, 
RFS175 among trees and Shiwalik, TR10, S1535 among bushes established its 
nutritional superiority with respect to total protein, sugar and chlorophyll 
content. S1, S146, BC259 verities recorded comparatively higher values in 
respect of morphological characteristics therefore the verities C776, RFS175, 
BC259, S1 and S146 may be recommended for commercial silk worm rearing 
purpose at field level for better cocoon yield as well as for sustainable growth 
and development of sericulture industry. 
Key words: Crown Length, Crown Width, Clear Bole Length, Diameter at Breast 
Height, Randomized Block Design. 

INTRODUCTION 

Morus, a genus of flowering plants in the family Moraceae, comprises 10–16 species of 
deciduous trees commonly known as mulberries growing wild and under cultivation in many 
temperate world regions. Mulberry is a shrub or tree traditionally used in sericulture in various 
countries. There is an estimated 68 species of the genus Morus with the majority of them 
occurring in Asia and in China there are over 1000 varieties under cultivation as per Datta [7] 

and Sanchez [13]. In India, most states have taken up sericulture as an important agro-industry 
with excellent results. The total acreage of mulberry in India is around 282,244 ha. In traditional 
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Chinese medicine, the fruit is used to treat prematurely grey hair, to "tonify" the blood, and treat 
constipation and diabetes. The bark is used to treat cough, wheezing, edema, and to promote 
urination. It is also used to treat fever, headache, red, dry and sore eyes.   
It is well established fact that, in sericulture, more than 60% of total cost of cocoon production 
goes towards Mulberry production alone. Hence, in recent years maximum attention has been 
given for the improvement of mulberry both in terms of quality and quantity. Growth and 
development of silkworm Bombyx mori L. and cocoon crop are mainly influenced by yield and 
nutritional quality of mulberry leaf used as feed. Nutritive value of mulberry (Morus spp.) leaf is 
a key factor besides environment and technology adoption for better silkworm cocoon crop. 
Among the various factors influencing silkworm growth, leaf quality plays a major role. It is a 
fact that leaf quality differs among mulberry varieties. 
Bongale et al., [2] said in their research, quality and quantity of mulberry leaves is highly 
influenced by varieties, cultivation practices, preservation techniques and age. Mulberry leaves 
containing more total sugar, protein and chlorophyll content are best relished by silk worm. 
Nutritive requirement of silkworm larvae vary with maturity of leaves. Aim of present study 
was to evaluate better performing Mulberry varieties through morphological and biochemical 
parameters like protein, sugar and chlorophyll content. To identify well suited mulberry verities 
to Dehradun climatic conditions by which we would have suggested for plantation of mulberry 
species in this region. 

MATERIALS AND METHODS 

The present study was done in the existing agro climatic conditions of Dehradun district. 14 
Mulberry varieties viz,. Kollegal, Kanva, C776, S1, TR8, Shiwalik, RFS135, V1, RFS175, S146, 
S1531, TR10, BC259 and S1635 collected from germplasm bank maintained at Regional 
Sericulture Research Station, Sahaspur were used in the experiment. They were planted in 
Randomized Block Design (RBD) and the spacing between the trees was 8'*8' and that of bushes 
was 3'*3' The Mulberry leaves from different aged plants were used for the morphological and 
biochemical estimation. Data collected on various morphological and biochemical parameters 
were subjected to statistical analysis by adopting Genstats 32.0. 
Morphological observation- Observations were recorded on Tree height (m) and Diameter at 
breast height (cm) on three competitive trees in each replication. Tree height was measured 
with the help of clinometer (Suunto 37039 Forestry suppliers Inc,) while DBH of the stem was 
taken at 1.37 m above the ground height of the tree with the help of measuring tape. Clear ball 
length (CBL) was taken from ground height till the ball bifurcated; crown height was taken from 
crown ball till the tip of the tree and crown width was measured from one side of the crown of 
tree till the other side. 
Biochemical characteristics- Fresh leaves were collected from three individual trees and 
brought to laboratory in ice boxes. They were stored at -200C in freezer (vest frost DFS 345). 
Quantification of chlorophyll and protein content were done as per protocol developed by Holm 
[9] and Bradford [3] respectively. For sugar quantification, samples were taken out from the 
freezer (freezer Vest frost DFS 345), thawed for 20 minutes and kept at 700 C in oven (YORCO 
Pvt. Ltd. New Delhi) for two days. The total saccharides moiety in a sample estimated by the 
Anthrone method (cited from book of Sawhney and Singh [14]) which is a simple 
spectrophotometric method with relatively insensitive to interferences from the other cellular 
components. 
Statistical analysis- The data recorded was subjected to statistical analysis to quantify the 
variation existing among clones for various recorded parameters.  
Analysis of variance (ANOVA)- The data were analyzed using Genstat version 32.0 as per the 
designed experiment i.e. Randomized block design. The sources of factors were clone and blocks 
with interaction factor. The F value thus obtained for different sources of variation were 
compaired with the Tabulated values at 0.1 % level of significance and respective degree of 
freedom of source and error. For better interpretation of the significant results, critical 
differences (CD), and least significant differences (LSD) were calculated. The values of CD and 
LSD indicate the treatment (clone) to be statistically at par or not. 
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RESULT AND DISCUSSION 

Morphological analysis- 

In view of our study the mulberry plant varieties were planted in Regional Sericulture Research 
Station. They were in the form of trees and bushes. We measured their morphological data using 
various parameters. All morphological data was analysed with GENSTATS 32.0. The maximum 
mean height (384.7 cm) was observed among the trees  in variety S1  and that of bushes was in 
variety Shiwalik (35.6 cm) whereas minimum mean height (222.0 cm) was observed among the 
trees in variety RFS135 and in case of  bushes was in variety TR10 (128.9 cm). We observed that 
maximum height was 411.0 cm and minimum height was 72.2 cm with the mean of 152.4 cm. 
The standard error difference, coefficient of variation and least significant difference were 
28.20, 22.7 % (P=0.01) and 57.76 respectively. The tree diameter was measured 120 cm above 
the ground in trees and 20 cm above the ground in case of bushes. The maximum mean 
diameter measured was of variety S1 (384.7 cm) and minimum mean diameter of variety TR8 
(9.9 cm).  The maximum diameter was observed 40.00 cm and minimum diameter (7.00 cm) 
with the mean of 20.89 cm. The standard error difference, coefficient of variance and least 
significant difference were 1.44, 8.5% (P=0.01) and 2.965 respectively. If height and diameter 
are more of the plant then it will provide bark in large amount. The bark of Morus alba has been 
used as a traditional medicine in Asian countries and exhibits antibacterial activity against food 
poisoning microorganism as per Neff and Johnson [11]. Nixon et al., [12] isolated albanol-A from 
the bark extract of Morus alba and found in their study that it may be a promising lead 
compound for developing an effective drug for treatment of leukemia. The Clear ball lengths of 
the Mulberry varieties were measured using measuring tape from the ground till the branches 
started. The maximum mean clear ball length measured of variety S1 (131.3 cm) and minimum 
of variety TR10 (18.7 cm). The analysis showed that maximum clear ball length 210.00 cm and 
minimum clear ball length 20.00 cm with the mean 74.57 cm.  The standard error difference 
calculated was 17.7, with the least significant difference of 35.16 and coefficient of variation 
22.2%. For landscaping the mulberry variety is now used as an ornamental tree where shade is 
desired without the fruit. A weeping cultivar of white mulberry, Morus alba 'Pendula', is a 
popular ornamental plant Kim et al., [10]. The crown heights of the mulberry trees and bushes 
were measured from the clear ball till the tip of the plant. The maximum mean crown height 
observed (247.3 cm) of variety S1 and the minimum mean of variety TR8 (102.3 cm). The 
analysis showed that maximum crown height 300 cm and minimum crown height 47 cm with 
the mean of 148 cm. The standard error difference, least significant difference and coefficient of 
variation were observed 18.74, 38.39 % and 15.5 respectively. The crown widths of the 
mulberry varieties were measured from one corner to the other corner. The maximum mean 
crown width was observed in the variety of RFS135 (350.7 cm) and minimum mean of crown 
width in the variety S146 (62.1 cm). The maximum crown width observed was 314 cm and 
minimum was 56 cm with the mean of 169.4 cm. The standard error difference calculated was 
8.87, least significant significance (18.17) and coefficient of variation (6.4%).   
As we know as the length, width, crown width and crown length are more on the plant; the plant 
will provide us large amount of leaves which are useful for sericulture and growth of silkworms.    
White mulberry leaves are the preferred feedstock for silkworms, and are also cut for food for 
livestock (cattle, goats, etc.) in areas where dry seasons restrict the availability of ground 
vegetation. The fruit are also eaten, often dried or made into wine Blackmore [1]. "Morus alba 
plant leaf extract has been studied against the Indian Vipera/Daboiarusselii venom induced 
local and systemic effects. The extract completely abolished the in vitro proteolytic and 
hyaluronolytic activities of the venom" Carter and Jack [7]. 

Biochemical analysis- 

After the collection of leaf samples of mulberry varieties which were collected from RSRS, 
brought to the laboratory and stored at -20ºC for Biochemical estimation. Firstly samples were 
washed with distilled water and dried. Now we removed midrib from the leaf samples and then 
started protein estimation for all varieties using Bradford method [3].  During the protein 
estimation we observed that maximum mean protein concentration (42.13 mg/g) in variety V1 
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followed by in variety C776 (39.53 mg/g) while minimum mean protein concentration was 
observed in variety TR10 (20 mg/g). After the analysis of pool data for protein concentration 
using GENSTAT 32.0, we observed that maximum protein concentration was 42.71 mg/g and 
minimum was 24.45 mg/g with the mean of 34.02 mg/g among all the varieties. Standard Error 
Difference, Coefficient of Variation and Least Significant Difference were 1.592, 3.415 and 1.529 
respectively. Coefficient of variation in protein concentration was significant among the 
varieties. Thomsen et al., [17]) and Freeze [8]) found that protein is the primary component of 
living things. The presence of higher protein level in these plants points toward their possible 
increased food value or that on protein based bioactive compound. For the estimation of Sugar 
concentration the collected samples were taken out from the freezer, thawed for 20 minutes 
and kept at 70ºC in oven for two days. Then the sugar concentration was measured by Anthrone 
reagent. The maximum mean (89.91 mg/g) of sugar concentration was observed in the 
mulberry variety BC259 followed by variety C776 (28.42 mg/g) and the minimum sugar 
concentration was in the variety RFS135 (2.92 mg/g). The analysis done for sugar concentration 
shows the maximum 94.34 mg/g and minimum 2.95 mg/g with the mean value of 21.37 mg/g 
among the all verities of Mulberry. The coefficient of variation was 1.992% at P= 0.01 and 
standard error difference and least significant difference were 1.99 and 4.27 respectively. Plant 
sugars can be used as feeding material for silkworm and supporting to the body in its rebuilding 
Freeze [8]. 
Quantification of chlorophyll content was done as per protocol developed by Holm [9]. The 
maximum mean content of chlorophyll a, chlorophyll b and total chlorophyll was shown in 
variety RFS175 with the values 9.06 mg/g, 18.37 mg/g and 27.43 mg/g respectively. The 
Observed minimum mean content of chlorophyll a, chlorophyll b and total chlorophyll was 
shown in variety S1531 with values 3.12 mg/g, 6.30 mg/g and 9.42 mg/g respectively. 
Maximum total chlorophyll content was 30.74 and the minimum was 7.66 with the mean value 
of 16.93 among the all varieties of Mulberry. The standard error, coefficient of variation and 
least significant difference were 1.126, 33.1and 3.415 respectively for total chlorophyll among 
all mulberry varieties. Chlorophyll is one of the antioxidant compounds which are stored in the 
chloroplast of green leaf plants. Normally it has been found in the area of green leaves, stems, 
flowers and roots. Chlorophyll a is the primary pigment related to the photosynthesis action in 
plants and produces the energy for plants. The other pigments are known as accessory 
pigments. Chlorophyll a contents are 2-3 times higher than the level of chlorophyll b. our 
findings were meeting the research of Buavaroon et al., [5]. Shirbhate and Malode [15] also 
study the concentration of chlorophyll a, chlorophyll b in Mulberry varieties and ranges 
between Chl. a (3.05- 9.25); Chl b (7.32-18.95). Cultivation of mulberry is being done by farmers 
and researchers. As we know Mulberry is very important for farming of silk worm which 
provide silk to the community. Srivastava and Elangvan [16] studied that protein and sugar are 
very important component to grow up silk worm. Therefore from the above study for 
morphological and biochemical parameters among the various varieties of mulberry, research 
would be suggested C776, RFS175, BC259, S1 and S146 varieties for farming of silk work.  

CONCLUSION 

The present study revealed significant variations in growth and biochemical traits. Among 14 
varieties, the variety C776, RFS175, BC259, S1 and S146 revealed maximum growth, hence can 
be recommended for future plantations and breeding strategies. Productive varieties were 
identified by applying morphological and biochemical tools. The study thus revealed that 
morphological and biochemical markers can enhance selection intensity in addition to growth 
parameters in tree improvement of Mulberry. 
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Table1. Description of different Mulberry varieties. 
S. No. Plant variety Source of plant Scientific name Form of mulberry  

1 S146 Chennai Morus indica Tree 
2 S1 Dehradun Morus alba Tree 
3 C776 Mysore Morus alba Tree 
4 V1 South India Morus alba Tree 
5 RES175 Andhra Pradesh Morus alba Tree 
6 BC259 South mysore Morus alba Tree 
7 K2 Mysore Morus alba Tree 
8 Koligal South side Morus indica Tree 
9 RFS135 Andhra pradesh Morus indica Tree 
10 Shiwalik Dehradun Morus alba Bush 
11 TR-8 Local hilly area Morus alba Bush 
12 TR-10 Local hilly area Morus alba Bush 
13 S1531 Punjab Morus alba Bush 
14 S1635 Calcutta, musibabad Morus alba Bush 
 
Table 2- Variations in morphological characteristics of Mulberry varieties 

S.No Mulberry 

varieties 

Scientific 

names 

 

Height DBH CBL Crown 

Height 

Crown 

Width 

1 S146 Morus indica 321.10 32.0 120.1 164.3 62.1 
2 S1 Morus alba 384.7 32.2 137.3 247.3 297.0 
3 C776 Morus alba 312.7 38.0 117.0 196.7 325.3 
4 V1 Morus alba 302.2 29.5 121.7 126.7 76.0 
5 RFS175 Morus alba 313.8 31.8 128.8 124.3 77.0 
6 BC259 Morus alba 320.4 27.7 122.7 131.0 99.7 
7 Kanva Morus alba 309.0 38.3 128.0 181.0 300.0 
8 Kolligal Morus indica 289.0 33.1 111.7 177.3 234.0 
9 RFS135 Morus indica 222.0 30.3 191.7 202.3 350.7 

10 Shiwalik Morus alba 75.6 13.7 24.3 146.3 86.2 
11 TR8 Morus alba 78.5 9.90 22.6 102.3 116.0 
12 TR10 Morus alba 81.9 12.1 18.7 111.3 82.7 
13 S1531 Morus alba 72.2 10.7 22.8 128 92.3 
14 S1535 Morus alba 82.3 8.33 23.6 125.8 72.7 

Maximum 411.0 40.00 210.00 300 341 

Minimum 28.2 7.00 20.00 47 56 

Mean 152.4 20.89 74.57 148 169.4 

Standard  error 19.94 1.024 12.14 13.25 6.27 

Coefficient of variation (%) 22.7 8.5 28.2 15.5 6.4 

Least significant Difference 57.76 2.965 35.16 38.39 18.17 

Standard error Difference 28.20 1.448 17.17 18.74 8.87 
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Table3. Variation in Biochemical characteristics of Mulberry varieties 
S. 

no.                                                                                                                             
Mulberry 

varieties 

Scientific 

names  

Protein 

conc. 

(mg/gm) 

Sugar 

conc. 

(mg/gm) 

Chlorophyll   

a 

Chlorophyll 

b 

Total 

Chlorophyll 

1 S146 Morus 

indica 

37.51 5.79 7.05 14.57 21.57 

2 S1 Morus alba 37.11 13.90 5.78 11.49 17.27 
3 C776 Morus alba 39.53 28.42 6.22 12.54 18.76 
4 V1 Morus alba 42.13 9.36 4.67 9.28 13.95 
5 RFS175 Morus alba 39.58 25.10 9.06 18.37 27.43 
6 BC259 Morus alba 29.73 89.91 8.25 16.41 24.43 
7 Kanva Morus alba 28.78 7.33 6.51 13.05 19.56 
8 Kolligal Morus 

indica 

38.11 7.57 4.14 8.28 12.42 

9 RFS135 Morus 

indica  

31.06 2.92 3.33 6.55 9.88 

10 Shiwalik Morus alba 32.66 24.19 3.68 7.55 11.23 
11 TR8 Morus alba 27.43 28.12 8.05 15.94 23.99 
12 TR10 Morus alba 26.00 22.89 3.26 6.65 9.91 
13 S1531 Morus alba 28.91 17.17 3.12 6.30 9.42 
14 S1535 Morus alba 37.75 15.63 5.72 11.27 16.99 

Maximum 42.71 94.34 10.108 20.63 30.74 

Minimum 24.45 2.95 2.476 5.19 7.66 

Mean 34.02 21.37 5.631 11.30 16.93 

Standard  error 1.126 1.409 0.648 1.345 1.126 

Coefficient of variation (%) 1.592 1.992 16.3 16.8 33.1 

Least significant Difference 3.415 4.272 1.966 4.081 3.415 

Standard error Difference 1.592 1.992 0.917 1.903 1.592 
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