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Abstract

A field experiment was conducted to evaluate the effect of intercropping with different nutri-cereals on

the quality parameters of tree mulberry (Morus alba L.) leaves. The quality attributes, viz., leaf mois-

ture content, total chlorophyll, protein and carbohydrate contents, were assessed at 45, 90 and 135 days

after pruning (DAP). The pooled results revealed considerable variation among intercropping systems,

with sole tree mulberry generally recording the highest values for most quality parameters. At 45 DAP,

leaf moisture content was highest in sole tree mulberry (72.5%), followed by tree mulberry + ragi (1:5)

(69.2%), while the lowest was recorded with tree mulberry + grain amaranth (1:5) (60.1%). At 135

DAP, moisture content increased to 77.3% in sole tree mulberry, with tree mulberry + ragi (74.6%) and

tree mulberry + chia (74.2%) remaining statistically comparable. Total chlorophyll content was highest

in sole tree mulberry, increasing from 2.32 mg g
−1

 at 45 DAP to 2.42 mg g
−1

 at 135 DAP. Among inter-

cropping systems, tree mulberry + ragi (1:5) recorded the highest chlorophyll content and remained sta-

tistically on par with sole tree mulberry. Protein content increased progressively with crop age, reaching

255.2 mg g
−1

 in sole tree mulberry at 135 DAP, compared with 246.2 mg g
−1

 under tree mulberry +

ragi (1:5). Similarly, carbohydrate content increased from 114.5 mg g
−1

 at 45 DAP to 116.5 mg g
−1

 at

135 DAP in sole tree mulberry, while ragi-based intercropping recorded 112.2 mg g
−1

. Tree mulberry +

grain amaranth (1:5) consistently recorded comparatively lower quality attributes. Overall, tree mul-

berry + ragi (1:5) emerged as the most favourable intercropping system among the nutri-cereal combi-

nations for maintaining superior leaf quality, while chia, quinoa and foxtail millet also showed good

compatibility with tree mulberry.

Keywords: Tree mulberry, Nutri-cereal intercropping, Leaf quality, Chlorophyll content, Leaf biochem-

ical constituents

Introduction

Mulberry (Morus alba L.) is the primary food plant of the domesticated silkworm, Bombyx mori L., and the

quality of foliage plays a decisive role in successful sericulture. Leaf characteristics such as moisture con-

tent, chlorophyll concentration, protein and carbohydrate contents are important indicators of the nutritional

and physiological status of mulberry foliage and have a direct bearing on its suitability as silkworm feed.

Adequate moisture contributes to leaf succulence and freshness, while chlorophyll is closely associated with

photosynthetic activity and production of assimilates. Protein and carbohydrate constitute important bio-

chemical components of mulberry leaves that contribute to the nutritional requirements of growing silkworm

larvae. Hence, improving and maintaining desirable leaf quality is an important component of sustainable

mulberry production.

Intercropping of tree mulberry with suitable food and nutri-cereal crops offers an opportunity to diversify

production and improve the overall resource-use efficiency of the system. Nutri-cereals such as ragi, chia,

grain amaranth, quinoa and foxtail millet are increasingly recognized for their nutritional and economic im-

portance and can provide additional produce from the interspaces of tree mulberry plantations. However, the

introduction of companion crops into a mulberry-based system may influence the availability and utilization

of soil moisture, nutrients, light and other growth resources. The nature and intensity of such interactions

may vary with the companion crop because of differences in root distribution, canopy development, growth

duration and resource demand. Therefore, selection of compatible intercrops is essential to ensure that diver-

sification of the mulberry production system does not adversely affect the quality of foliage required for silk-

worm rearing.

Although intercropping can provide additional economic and nutritional benefits, the compatibility of differ-

ent nutri-cereals with tree mulberry needs to be evaluated from the perspective of both crop productivity and

mulberry leaf quality. Changes in leaf moisture status and biochemical constituents may reflect the degree of

competition or complementarity between mulberry and the associated intercrop. Information on the compar-

ative influence of ragi, chia, grain amaranth, quinoa and foxtail millet on the quality characteristics of tree
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mulberry leaves is particularly important for developing suitable in-

tercropping systems for sericulture-based farming. Therefore, the

present study was undertaken to assess the effect of different nutri-ce-

real intercropping systems on leaf moisture content, chlorophyll, pro-

tein and carbohydrate contents of tree mulberry at different stages of

crop growth.

Materials and methods

Experimental site

The field experiment was conducted at Krishi Vigyan Kendra (KVK),

Chintamani, located in the Eastern Dry Zone of Karnataka (Zone-5),

India, between 13.3354° N latitude and 78.0824° E longitude, at an

altitude of 865 m above mean sea level. The experiment was con-

ducted for two consecutive years, 2024–25 and 2025–26.

Experimental crop

The experiment was conducted in an established five-year-old V-1

mulberry (Morus alba L.) garden maintained at a spacing of 2.5 m ×

2.5 m. Recommended cultural practices for an irrigated mulberry gar-

den were followed as per Dandin et al. (2014) 
[1]

. The existing mul-

berry shoots were pruned before imposing the treatments. Inter-culti-

vation was carried out, and the respective treatments were imposed

according to the experimental plan.

Experimental design and treatments

The experiment was laid out in a split-split plot design with three

replications, comprising 18 treatment combinations. The main plot

treatments consisted of three levels of recommended dose of fertiliz-

ers (RDF) (M): M1 – 100% RDF, M2 – 75% RDF and M3 – 50%

RDF. The sub-plot treatments comprised two levels of liquid formula-

tions applied through fertigation (S): S1 – Jeevamrutha @ 500 L ha
−1

after pruning at 45-day intervals in five splits and S2 – microbial con-

sortia @ 7.5 L ha
−1

 after pruning at 45-day intervals in five splits.

The sub-sub plot treatments consisted of three foliar spray treatments

(F): F1 – Seriboost Plus @ 0.7% at 20 and 40 days after pruning

(DAP), F2 – Panchagavya @ 5% at 20 and 40 DAP, and F3 – humic

acid + fulvic acid @ 3% at 20 and 40 DAP.

Fertigation of liquid formulations

The liquid microbial formulations were applied through the existing

drip irrigation system to ensure uniform application in the active root

zone of the mulberry plants. Jeevamrutha was applied at 500 L ha
−1

,

while microbial consortia was applied at 7.5 L ha
−1

. Both formula-

tions were applied after pruning at 45-day intervals in five split

applications.

Foliar spray of liquid manures

Foliar applications of Seriboost Plus @ 0.7%, Panchagavya @ 5%

and humic acid + fulvic acid @ 3% were made at 20 and 40 DAP. The

foliar formulations were applied directly to the foliage during the crop

growth period to facilitate nutrient and beneficial compound uptake

through the leaves. Foliar application can enhance the immediate

availability of nutrients to the plant through absorption by the leaf

surface and stomata, thereby supporting plant growth and productivity

(Handreck et al., 1994) 
[2]

.

Crop management

Apart from the imposition of the respective treatments, all other agro-

nomic practices, including irrigation scheduling, inter-cultivation,

weed management and plant protection measures, were followed uni-

formly in all treatments throughout the experimental period. The crop

was managed in accordance with the recommended package of prac-

tices for mulberry cultivation (Dandin et al., 2003) 
[3]

.

Methodology followed for recording leaf quality parameters

Moisture content (%)

Leaves were harvested from each treatment and preserved in poly-

thene bags of which the fresh weight was taken. The leaves were oven

dried at 70 °C for 48 hours and the dry weight recorded.

Moisture percentage of leaves was calculated by using the following

formula as

Moisture

per cent =

Fresh weight of leaves (g) - Dry weight of

leaves (g)

x 100

Fresh weight of leaves (g)

Total chlorophyll content

The content of chlorophyll in mulberry leaf was calculated by the fol-

lowing procedure defined by Hiscox et al. (1979) 
[4]

. The total leaf

chlorophyll content was determined using the formula proposed by

Arnon (1949) 
[5]

.

mg g
−1

 fresh weight

=

20.2 (O.D.645) + 8.02

(O.D.663)

x volume

1000 g weight of leaves (g)

Total protein content

Protein content of the leaves of mulberry was estimated as per cent

nitrogen by micro kjeldhal’s method (Jackson, 1973) 
[6]

. The protein

per cent in the leaves was calculated by multiplying the nitrogen con-

tent by a factor of 6.25.

Protein content (%) = % N × 6.25 Protein content (%) × 10 = mg g−1

Total carbohydrate content (%)

Carbohydrate content in the leaves of mulberry was quantitatively

measured by Anthrone Reagent method. For assessment of carbohy-

drates content, 0.2 g of mulberry leaf sample was grinded in pestle

and mortar with the help of distilled water. The samples were cen-

trifuged at 5000 rpm for 10 minutes. The supernatant was collected in

test tube and 4 ml of anthrone reagent is added to get green colour.

The absorbance value of the green colour was noted to evaluate the

carbohydrate content using UV spectrophotometer at wavelength of

625  nm. Against standard sugar solution (Dextrose L.) the carbohy-

drates content was calculated and expressed in percentage.

Carbohydrate content (%) × 10 = mg g−1

Results and discussion

Effect of intercropping on quality parameters of mulberry

leaves

The data on quality parameters viz., leaf moisture content (%), total

chlorophyll content (mg g
−1

), total protein content (mg g
−1

) and total

carbohydrate content (mg g
−1

) of leaf as influenced by intercropping

of different nutri-cereals are presented here.

Leaf moisture content (%) (c.f. Table 1)

Leaf moisture content is an important quality attribute of mulberry fo-

liage, as adequate moisture in the leaves is associated with succu-

lence, freshness and suitability of foliage for silkworm feeding.

At 45 DAP, the highest pooled leaf moisture content was recorded in

sole tree mulberry (72.5%), followed by tree mulberry + ragi (1:5)
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(69.2%), tree mulberry + chia (1:5) (68.4%) and tree mulberry +

quinoa (1:5) (67.6%). The lowest value was recorded in tree mulberry

+ grain amaranth (1:5) (60.1%). The relatively higher moisture con-

tent under sole tree mulberry and ragi, chia and quinoa-based inter-

cropping may be attributed to better moisture availability and reduced

competition for water during the early growth period.

At 90 DAP, sole tree mulberry recorded the highest pooled leaf mois-

ture content (75.2%), which was statistically on par with tree mul-

berry + ragi (1:5) (72.2%) and tree mulberry + chia (1:5) (71.1%),

whereas tree mulberry + grain amaranth (1:5) recorded the lowest

value (62.2%). Intermediate values were observed in tree mulberry +

quinoa (1:5) (70.1%) and tree mulberry + foxtail millet (1:5) (68.7%).

The comparatively greater moisture retention in sole tree mulberry

and selected intercropping treatments indicates better plant water sta-

tus, possibly due to differences in canopy development, root distribu-

tion and soil moisture utilization.

At 135 DAP, the highest pooled leaf moisture content was recorded in

sole tree mulberry (77.3%), followed by tree mulberry + ragi (1:5)

(74.6%), tree mulberry + chia (1:5) (74.2%) and tree mulberry +

quinoa (1:5) (72.8%). The lowest value was observed in tree mulberry

+ grain amaranth (1:5) (66.8%). Tree mulberry + ragi (1:5) and tree

mulberry + chia (1:5) were statistically on par with sole tree mulberry,

while tree mulberry + grain amaranth (1:5) recorded the minimum

moisture content. The higher moisture content during this stage may

be associated with improved vegetative growth and maintenance of

leaf hydration, whereas the lower value under grain amaranth inter-

cropping may indicate comparatively greater competition for avail-

able soil moisture.

The higher leaf moisture content under sole tree mulberry and se-

lected intercropping combinations could be attributed to better soil

moisture availability, efficient root-zone water utilization and reduced

interspecific competition for moisture. In contrast, the lower moisture

content under tree mulberry + grain amaranth (1:5) may be due to

stronger competition between tree mulberry and grain amaranth for

soil moisture and nutrients. The gradual increase in leaf moisture con-

tent with advancement of pruning stages suggests improved canopy

development and plant water status under favourable growing condi-

tions. Overall, intercropping with suitable nutri-cereals, particularly

ragi and chia, appeared relatively favourable for maintaining leaf

moisture content of tree mulberry, whereas grain amaranth was com-

paratively less favourable. Similar findings were reported by Arun

Kumar (2013) 
[7]

.

Chlorophyll content (mg g
−1

) (c.f. Table 2)

The chlorophyll content of tree mulberry leaves varied among the in-

tercropping treatments at different days after pruning (DAP).

At 45 DAP, the highest chlorophyll content was recorded in sole tree

mulberry (2.32 mg g⁻¹), which was statistically on par with tree mul-

berry + ragi (1:5) (2.22 mg g
−1

), tree mulberry + chia (1:5) (2.19 mg

g
−1

), tree mulberry + quinoa (1:5) (2.16 mg g
−1

) and tree mulberry +

foxtail millet (1:5) (2.12 mg g
−1

). The lowest value was recorded in

tree mulberry + grain amaranth (1:5) (1.89  mg g
−1

). The higher

chlorophyll content under sole tree mulberry may be attributed to rel-

atively lesser interspecific competition for available nutrients, mois-

ture and light compared with the intercropped systems.

At 90 DAP, chlorophyll content increased slightly in most treatments.

Sole tree mulberry recorded the highest pooled chlorophyll content

(2.42 mg g⁻¹) and remained statistically on par with tree mulberry +

ragi (1:5) (2.32  mg g
−1

), tree mulberry + chia (1:5) (2.28  mg g
−1

),

tree mulberry + quinoa (1:5) (2.25 mg g
−1

) and tree mulberry + fox-

tail millet (1:5) (2.20 mg g
−1

). Tree mulberry + grain amaranth (1:5)

(1.95 mg g
−1

) recorded the lowest value. The relatively higher chloro-

phyll content in sole tree mulberry and its comparable values with

most intercropping treatments indicate that the presence of nutri-cere-

als did not markedly impair chlorophyll formation, except under tree

mulberry + grain amaranth, where greater competitive effects may

have influenced nutrient and moisture availability.

At 135 DAP, sole tree mulberry recorded the highest pooled chloro-

phyll content (2.42 mg g⁻¹), which was statistically on par with tree

mulberry + ragi (1:5) (2.32  mg g
−1

), tree mulberry + chia (1:5)

(2.31 mg g
−1

), tree mulberry + quinoa (1:5) (2.26 mg g
−1

) and tree

mulberry + foxtail millet (1:5) (2.21 mg g
−1

). The lowest chlorophyll

content was observed in tree mulberry + grain amaranth (1:5)

(1.94 mg g
−1

). The maintenance of relatively higher chlorophyll con-

centration under sole tree mulberry suggests favourable nutrient avail-

ability and reduced competition, whereas the lower value under tree

mulberry + grain amaranth could be associated with stronger compe-

tition between tree mulberry and grain amaranth for soil resources.

Across the three observation periods, sole tree mulberry consistently

recorded the highest chlorophyll content, with pooled values increas-

ing from 2.32 mg g⁻¹ at 45 DAP to 2.42 mg g⁻¹ at 135 DAP. Among

the intercropping treatments, tree mulberry + ragi (1:5) recorded the

highest chlorophyll content and remained statistically on par with sole

tree mulberry, followed by tree mulberry + chia (1:5) tree mulberry +

quinoa (1:5). Tree mulberry + grain amaranth (1:5) consistently

recorded the lowest chlorophyll content throughout the observation

period. The higher chlorophyll content in treatments maintaining bet-

ter nutrient and moisture availability may have enhanced chlorophyll

synthesis and leaf photosynthetic efficiency. The similar trend across

the two years indicates the relative stability of treatment effects on the

chlorophyll status of tree mulberry.

The comparatively higher chlorophyll content under sole tree mul-

berry may be attributed to the absence of interspecific competition for

soil moisture, nutrients, light and other growth resources. The statisti-

cally comparable chlorophyll content under tree mulberry + ragi (1:5)

indicates its relatively lower competitive effect on tree mulberry and

better compatibility within the intercropping system. In contrast, the

consistently lower chlorophyll content under tree mulberry + grain

amaranth (1:5) may be associated with greater competition for mois-

ture and nutrients, which could have restricted chlorophyll synthesis

and photosynthetic activity. Overall, tree mulberry + ragi (1:5)

emerged as the most favourable intercropping treatment for maintain-

ing chlorophyll status, being statistically comparable with sole tree

mulberry. Similar results were reported by Arun Kumar (2013) 
[7]

who reported that the maximum leaf moisture in top leaves (75.23 %),

chlorophyll a (1.25 mg g
−1

) and chlorophyll b (0.45 mg g
−1

) recorded

in middle leaves of mulberry with soybean intercropping situation

compared to other intercrops.

Protein content (mg g
−1

) (c.f. Table 3)

The protein content of tree mulberry leaves was influenced by inter-

cropping with nutri-cereals and exhibited a gradual increase with ad-

vancement of crop growth. At 45 DAP, the pooled protein content was

highest in sole tree mulberry (228.5 mg g
−1

), which was statistically

on par with tree mulberry + ragi (1:5) (218.2 mg g
−1

), tree mulberry +

chia (1:5) (215.6  mg g
−1

), tree mulberry + quinoa (1:5) (213.2  mg

g
−1

) and tree mulberry + foxtail millet (1:5) (208.6 mg g
−1

). The low-

est value was recorded in tree mulberry + grain amaranth (1:5)

(189.5 mg g
−1

). A similar trend was observed in both years, with sole

tree mulberry maintaining the highest protein content, while grain

amaranth intercropping recorded the lowest value.

At 90 DAP, the pooled protein content increased across treatments,

with the highest value recorded in sole tree mulberry (247.7 mg g⁻¹),
which was statistically on par with tree mulberry + ragi (1:5)

(238.0 mg g
−1

), tree mulberry + chia (1:5) (234.4 mg g
−1

), tree mul-

berry + quinoa (1:5) (231.0 mg g
−1

) and tree mulberry + foxtail millet

(1:5) (226.3 mg g
−1

). Tree mulberry + grain amaranth (1:5) recorded

the lowest protein content (204.9 mg g
−1

) and was significantly lower

than sole tree mulberry.

At 135 DAP, protein content further increased, and sole tree mulberry

recorded the highest pooled value (255.2  mg g⁻¹). However, it was

statistically on par with tree mulberry + ragi (1:5) (246.2  mg g
−1

),

tree mulberry + chia (1:5) (244.7  mg g
−1

), tree mulberry + quinoa

(1:5) (240.2 mg g
−1

), tree mulberry + foxtail millet (1:5) (235.5 mg

g
−1

) and tree mulberry + grain amaranth (1:5) (220.4 mg g
−1

).
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Overall, protein content increased progressively from 45 to 135 DAP

in all the tree-mulberry treatments. Sole tree mulberry consistently

recorded the highest numerical protein content, whereas tree mulberry

+ grain amaranth (1:5) recorded the lowest numerical values through-

out the observation period. Among the intercropping systems, tree

mulberry + ragi (1:5) maintained the highest protein content, followed

by chia- and quinoa-based combinations. The comparatively higher

protein content under sole tree mulberry and ragi-based intercropping

may be attributed to reduced interspecific competition for nutrients,

moisture and other growth resources, favouring nitrogen assimilation

and protein synthesis in mulberry leaves. The progressive increase in

protein content with crop age may also be associated with improved

nutrient accumulation and physiological development of the foliage.

Overall, tree mulberry + ragi (1:5) emerged as the most favourable in-

tercropping treatment for maintaining higher protein content among

the intercropping systems, while remaining statistically comparable

with sole tree mulberry at the observed stages. Similar findings were

reported by Shoriful et al., 2023 
[8]

 and Banu Priya, 2021 
[9]

.

Carbohydrate content (mg g
−1

) (c.f. Table 4)

The carbohydrate content of tree mulberry varied considerably among

the different intercropping systems. The carbohydrate content showed

a gradual increase with advancement of crop age from 45 to 135 DAP

in all the tree mulberry-based treatments.

At 45 DAP, the pooled carbohydrate content was highest in sole tree

mulberry (114.5 mg g⁻¹) and lowest in tree mulberry + grain amaranth

(1:5) (93.4 mg g⁻¹). Sole tree mulberry was statistically on par with

tree mulberry + ragi (1:5) (109.3 mg g
−1

), tree mulberry + chia (1:5)

(108.0 mg g
−1

), tree mulberry + quinoa (1:5) (106.8 mg g
−1

) and tree

mulberry + foxtail millet (1:5) (104.6 mg g
−1

).

At 90 DAP, the highest pooled carbohydrate content was recorded in

sole tree mulberry (115.4 mg g⁻¹), while the lowest was recorded in

tree mulberry + grain amaranth (1:5) (93.4  mg g⁻¹). Sole tree mul-

berry was statistically on par with tree mulberry + ragi (1:5)

(110.8 mg g
−1

), tree mulberry + chia (1:5) (109.1 mg g
−1

), tree mul-

berry + quinoa (1:5) (107.4 mg g
−1

) and tree mulberry + foxtail millet

(1:5) (105.2 mg g
−1

). The higher carbohydrate content under sole tree

mulberry may be attributed to the absence of interspecific competition

for moisture, nutrients, light and other growth resources.

At 135 DAP, sole tree mulberry recorded the highest pooled carbohy-

drate content (116.5 mg g⁻¹), whereas tree mulberry + grain amaranth

(1:5) recorded the lowest (95.9 mg g⁻¹). The carbohydrate content un-

der tree mulberry + ragi (1:5) (112.2 mg g
−1

), tree mulberry + chia

(1:5) (111.4 mg g
−1

), tree mulberry + quinoa (1:5) (109.3 mg g
−1

) and

tree mulberry + foxtail millet (1:5) (107.0 mg g
−1

) were statistically

on par with sole tree mulberry. The relatively higher carbohydrate ac-

cumulation with advancement of crop age could be associated with

increased photosynthetic activity and development of a larger photo-

synthetically active leaf canopy.

Overall, the pooled results revealed a consistent superiority of sole

tree mulberry for carbohydrate accumulation, although its values were

statistically on par with tree mulberry + ragi (1:5), tree mulberry +

chia (1:5), tree mulberry + quinoa (1:5) and tree mulberry + foxtail

millet (1:5) at all stages of observation. Tree mulberry + grain ama-

ranth (1:5) consistently recorded the lowest carbohydrate content. The

better performance of ragi-, chia-, quinoa- and foxtail millet-based in-

tercropping systems indicates their comparatively greater compatibil-

ity with tree mulberry. The progressive increase in carbohydrate con-

tent with crop age may be attributed to enhanced photosynthetic effi-

ciency and accumulation of photosynthates, while the lower values

under grain amaranth-based intercropping could be due to greater

competition for available growth resources. Thus, tree mulberry +

ragi (1:5), tree mulberry + chia (1:5), tree mulberry + quinoa (1:5)

and tree mulberry + foxtail millet (1:5) were relatively suitable inter-

cropping combinations for maintaining the carbohydrate status of tree

mulberry. Similar findings were reported by Vishaka, 2015 
[10]

 and

Shoriful et al. (2023) 
[8]

.

Conclusion

Sole tree mulberry recorded the highest overall leaf quality, as evi-

denced by the maximum leaf moisture content (77.3 %), total chloro-

phyll content (2.42  mg g
−1

), total carbohydrate content (116.5  mg

g
−1

) and total protein content (255.2 mg g
−1

). The leaf quality param-

eters of tree mulberry + ragi (1:5) were statistically on par with sole

tree mulberry, recording 74.6 per cent leaf moisture, 2.32 mg g
−1

 total

chlorophyll, 246.2 mg g
−1

 protein and 112.2 mg g
−1

 carbohydrate. ‘
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Table 1. Leaf moisture content of tree mulberry as influenced by intercropping of nutri-cereals

Treatments Leaf moisture content (%)

45 DAP 90 DAP 135 DAP

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled

T1 : Sole tree mulberry 70.6 74.4 72.5 74.0 76.4 75.2 75.3 79.4 77.3

T2 : Sole Ragi – – – – – – – – –

T3 : Sole Chia – – – – – – – – –

T4 : Sole Grain amaranth – – – – – – – – –

T5 : Sole Quinoa – – – – – – – – –

T6 : Sole Foxtail millet – – – – – – – – –

T7 : Tree mulberry + Ragi (1:5) 66.6 71.8 69.2 70.9 73.5 72.2 71.9 77.3 74.6

T8 :Tree mulberry + Chia (1:5) 66.4 70.4 68.4 69.4 72.9 71.1 71.1 77.3 74.2

T9 :Tree mulberry + Grain amaranth

(1:5)

58.1 62.2 60.1 60.4 64.0 62.2 65.3 68.2 66.8

T10 :Tree mulberry + Quinoa (1:5) 65.4 69.9 67.6 68.2 72.0 70.1 69.5 76.0 72.8

T11 :Tree mulberry + Foxtail millet (1:5) 63.8 68.6 66.2 66.5 70.9 68.7 67.8 74.9 71.4

SEm ± 3.5 3.8 3.5 4.3 4.4 4.1 4.1 3.8 3.9

CD @ 5% 10.4 11.1 10.3 12.5 13.1 12.0 12.0 11.1 11.4

(continued on next page)
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Table 2. Chlorophyll content of tree mulberry as influenced by intercropping of nutri-cereals

Treatments Chlorophyll content (mg g
−1

)

45 DAP 90 DAP 135 DAP

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled

T1 : Sole tree mulberry 2.23 2.42 2.32 2.38 2.45 2.42 2.38 2.46 2.42

T2 : Sole Ragi – – – – – – – – –

T3 : Sole Chia – – – – – – – – –

T4 : Sole Grain amaranth – – – – – – – – –

T5 : Sole Quinoa – – – – – – – – –

T6 : Sole Foxtail millet – – – – – – – – –

T7 : Tree mulberry + Ragi (1:5) 2.11 2.33 2.22 2.29 2.34 2.32 2.26 2.38 2.32

T8 :Tree mulberry + Chia (1:5) 2.10 2.27 2.19 2.25 2.31 2.28 2.24 2.38 2.31

T9 :Tree mulberry + Grain amaranth (1:5) 1.81 1.96 1.89 1.92 1.97 1.95 1.88 2.01 1.95

T10 :Tree mulberry + Quinoa (1:5) 2.08 2.25 2.16 2.21 2.28 2.25 2.19 2.33 2.26

T11 :Tree mulberry + Foxtail millet (1:5) 2.03 2.20 2.12 2.16 2.24 2.20 2.13 2.28 2.21

SEm ± 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.12 0.11

CD @ 5% 0.28 0.33 0.30 0.33 0.34 0.33 0.34 0.34 0.34

Table 3. Protein content of tree mulberry as influenced by intercropping of nutri-cereals

Treatments Protein content (mg g
−1

)

45 DAP 90 DAP 135 DAP

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled

T1 : Sole tree mulberry 219.0 238.0 228.5 243.3 252.1 247.7 248.5 261.9 255.2

T2 : Sole Ragi – – – – – – – – –

T3 : Sole Chia – – – – – – – – –

T4 : Sole Grain amaranth – – – – – – – – –

T5 : Sole Quinoa – – – – – – – – –

T6 : Sole Foxtail millet – – – – – – – – –

T7 : Tree mulberry + Ragi (1:5) 206.6 229.8 218.2 233.3 242.7 238.0 237.1 255.2 246.2

T8 :Tree mulberry + Chia (1:5) 205.8 225.3 215.6 228.5 240.4 234.4 234.5 255.0 244.7

T9 :Tree mulberry + Grain amaranth (1:5) 180.0 199.1 189.5 198.6 211.1 204.9 215.6 225.2 220.4

T10 :Tree mulberry + Quinoa (1:5) 202.8 223.6 213.2 224.4 237.6 231.0 229.5 250.9 240.2

T11 :Tree mulberry + Foxtail millet (1:5) 197.9 219.4 208.6 218.8 233.9 226.3 223.8 247.2 235.5

SEm ± 11.0 12.1 11.0 14.0 14.6 13.4 13.4 12.4 12.8

CD @ 5% 32.3 35.6 32.4 41.2 43.2 39.6 39.5 36.6 37.7

Table 4. Carbohydrate content of tree mulberry as influenced by intercropping of nutri-cereals

Treatments Carbohydrate content (mg g
−1

)

45 DAP 90 DAP 135 DAP

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled

T1 : Sole tree mulberry 109.4 119.6 114.5 113.8 117.1 115.4 114.2 118.8 116.5

T2 : Sole Ragi – – – – – – – – –

T3 : Sole Chia – – – – – – – – –

T4 : Sole Grain amaranth – – – – – – – – –

T5 : Sole Quinoa – – – – – – – – –

T6 : Sole Foxtail millet – – – – – – – – –

T7 : Tree mulberry + Ragi (1:5) 103.2 115.5 109.3 108.9 112.7 110.8 108.7 115.6 112.2

T8 :Tree mulberry + Chia (1:5) 102.9 113.2 108.0 106.6 111.6 109.1 107.4 115.5 111.4

T9 :Tree mulberry + Grain amaranth (1:5) 86.8 100.0 93.4 88.8 98.0 93.4 90.2 101.6 95.9

T10 :Tree mulberry + Quinoa (1:5) 101.3 112.4 106.8 104.6 110.3 107.4 105.0 113.6 109.3

T11 :Tree mulberry + Foxtail millet (1:5) 98.9 110.2 104.6 101.9 108.6 105.2 102.2 111.9 107.0

SEm ± 4.7 4.7 4.6 6.1 4.5 5.3 5.5 4.4 4.9

CD @ 5% 14.0 13.9 13.7 18.0 13.4 15.7 16.3 12.8 14.5

International Journal of Research in Agronomy https://www.agronomyjournals.com
2
6
1
8
0
6
1
8
, 2

0
2
6
, 9

(
1
0
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
8
0
6
0
X

.2
0
2
6
.v

9
.i1

0
g
.6

8
3
5
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 R

e
s
e
a
r
c
h
 in

 A
g
r
o
n
o
m

y
 o

n
 [

0
9
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
o
n
o
m

y
jo

u
r
n
a
ls

.c
o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

517



References

1. Dandin SB, Giridhar K. Handbook of Sericulture Technologies.

Central Silk Board, Bangalore, India. 2014:427.

2. Handreck K, Black ND. Growing media for ornamental plants

and turf. University of New South Wales. 1994:23-26.

3. Dandin SB, Jayanth Jayaswal, Giridhar K. Handbook of

Sericulture Technologies. Central Silk Board, Bangalore.

2003:284.

4. Hiscox JD, Isarelstam GF. A method for the estimation of chloro-

phyll from leaf tissue without maceration. Canadian J. Bot.

1979;57:1332-1334.

5. Arnon OI. Copper enzymes in isolates chloroplasts poly phenoxi-

dase in Beta Vulgaris. Pl. Physiol. 1949;24:1-15.

6. Jackson ML. Soil Chemical Analysis. Prentice Hall of India

Private Limited, New Delhi. 1973:485.

7. Arun Kumar H. Studies on intercropping of legumes on growth

and yield of mulberry and rearing performance of the silkworm

Bombyx mori L. M. Sc. Thesis, UAS, Bengaluru. 2013:65-73.

8. Shoriful I, Ahmed F, Rahman M. Efficacy of vegetables inter-

cropping in mulberry on sericulture productivity and economy.

European J. Agri. Food Sci. 2023;5(6):9-18.

9. Banu Priya GM. Studies on yield and income maximisation in

tree mulberry based legume intercropping system. M. Sc. Thesis,

UAS, Bengaluru. 2021:98-99.

10. Vishaka GV. Studies on feasibility of intercropping of solanacious

vegetables in mulberry. M. Sc. (Seri.) Thesis, UAS, Bengaluru.

2015:33-38.

How to cite this article: Vishwanath, Rathod PS, Kyatappanavar

S, Patil D, Ananda N, Teggelli RG, et al. Effect of nutri-cereal in-

tercropping on leaf quality attributes of tree mulberry (Morus

alba L.). International Journal of Research in Agronomy.

2026;9(10):513-518. doi: https://www.doi.org/10.33545/2618060

X.2026.v9.i10g.6835

Authors

Vishwanath

ICAR- Krishi Vigyan Kendra, Chintamani, Karnataka, India

Pandit S Rathod

College of Agriculture, Kalaburgi, Karnataka, India

Sanjeev Kyatappanavar

College of Sericulture, Chintamani, Karnataka, India

DH Patil

College of Agriculture, Kalaburgi, Karnataka, India

Ananda N

AICRP, Linseed, MARS, Raichur, Karnataka, India

Raju G Teggelli

ICAR- Krishi Vigyan Kendra, Kalaburgi, Karnataka, India

SB Bellad

College of Agriculture, Kalaburgi, Karnataka, India

International Journal of Research in Agronomy https://www.agronomyjournals.com
2
6
1
8
0
6
1
8
, 2

0
2
6
, 9

(
1
0
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
8
0
6
0
X

.2
0
2
6
.v

9
.i1

0
g
.6

8
3
5
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 R

e
s
e
a
r
c
h
 in

 A
g
r
o
n
o
m

y
 o

n
 [

0
9
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
o
n
o
m

y
jo

u
r
n
a
ls

.c
o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

518

https://www.doi.org/10.33545/2618060X.2026.v9.i10g.6835
https://www.doi.org/10.33545/2618060X.2026.v9.i10g.6835

