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ABSTRACT

G

Chitosan is a versatile biopolymer derived from chitin, a natural compound found in the exoskeletons of crustaceans such as shrimp
and crabs, as well as in the cell walls of fungi. In agriculture, chitosan has gained attention for its diverse applications and positive
effects on plant growth and protection. Therefore, this study was conducted during Kharif 2019, 2020, and 2021 to investigate the
impact of varying concentrations of chitosan morpho-physiological parameters and yield of soybean. The pooled results of the
experiment revealed that, among the ten concentrations of chitosan tested, foliar application of chitosan @ 60 ppm at 25 and 40 days
after sowing (DAS) significantly enhanced all morpho-physiological parameters including plant height(52.53 cm), number of
branches (4.53/plant), leaf area (32.14 dm’), dry matter(19.73 g), hundred seed weight (15.20 g), number of pods (36.67/plant),
nitrogen contentin leaves(6.0 %), chlorophyll content(1.94 mg/g), and soybeanyield (24.24 q/ha).
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Introduction

Soybean holds signi icant importance as both an oilseed and
leguminous crop, gaining prominence in India and other
developing nations as a means to combat malnutrition. Its
cultivation has witnessed substantial growth in recent years
duetoitshigh nutritive value, servingasacost-e ective andrich
source of high-quality protein. Often referred to as the "Wonder
crop,” "Golden bean,"” or "Miracle bean,” soybean has
revolutionized the agricultural economy, proving valuable as
food, feed, and a source for various industrial products. Soybean
protein contains all essential amino acids crucial for human
dietary needs. Beyond protein and oil, soybean comprises
20.9% carbohydrates, 60% polyunsaturated fatty acids, various
vitamins (A, B, C, D, E, K), phosphorus, iron, calcium, and all
essential amino acids. With the highest lysine content (5%)
among oilseed crops, it is aptly termed the "Poor man's meal."
Recognizing the nutritional and production signi icance of
soybean, it becomes imperative to cultivate it with the
expectation of higher yields.

Chitosan polymers and oligomers or their derivatives exhibit
agriculturally relevant biological activities, including plant
growth-promoting activities, plant resistance-inducing elicitor
and priming activities [18,17] and antimicrobial activities [13].

Chitosan can exert positive in luences on crop production,
acting either as a biopesticide protecting plants from disease
resistance, or as a biostimulant or biofertilizer to increase food
production through stimulation of growth and development,
improve nutrientand water use ef iciency, increase of abiotic
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stress tolerance, and improvement in crop productivity and
quality of the harvest [17, 9, 10, 14]. Such uses as biostimulants
or biopesticides are becoming increasingly attractive to
decrease the input of agrochemicals through a partial
replacementby agro-biologicsin conventional agriculture [8].
There are countless examples in literature describing bene icial
e ects of chitosan treatments such as foliar spray, seed coating,
or root dipping in di erent crop species. The recent literature
describes e ects of chitosans and chitosan nanoformulations
relevant crop plants such as soybean [19, 11], maize [5, 6], and
beans[4]. Therefore, this study was conducted to investigate the
impact of varying concentrations of chitosan on overcoming the
yield barriers of soybean.

Material and Methods

Field experiments

The study was conducted in three consecutive seasons during
Kharif 2019, 2020, and 2021 at the Research farm of the Botany
Section, College of Agriculture, Nagpur, Dr. PDKV, Akola
(Maharashtra). Eleven treatments included ten concentrations
of chitosan viz., 10 ppm, 20 ppm, 30 ppm, 40 ppm, 50 ppm, 60
ppm, 70 ppm, 80 ppm, 90 ppm, and 100 ppm, were sprayed at 25
and 40 days of sowing and control plants were sprayed with tap
water. The gross plot size was 3.00 m x 2.20 m and the net plot
size was 2.40 m x 2.00 m with spacing of 30 cm x 10 cm ive
plants from each plot were selected randomly and data were
collected at 35 and 50 days after sowing. The experiments were
carried out in a randomized block design with four eleven and
three replicates.

Evaluation of morpho-physiological characters and yield of
soybean

The observations on plant height (cm), no. of branches, 100 seed
weight (g), no. of pods/plant,andyield (q/ha) were reordered at
maturity. Whereas, observations on leaf area (dm2), dry matter
(9), chlorophyll content (mg g-1), and nitrogen content (%) in
leaves were recorded 35 days and 50 days after sowing.

Volume 12, Issue 1, 2024

© 2024 AATCC Review. All Rights Reserved.



Sapana Baviskar et al., / AATCC Review (2024)

Measurementofleafarea
Leaf area was measured by using Systronics make leaf area
meter 211 instrument.

Estimation of chlorophyll content
The total chlorophyll content of oven-dried leaves was
estimated by colorimetric method[2].

Estimation of nitrogen contentin leaves
Nitrogen content in leaves was estimated by Micro Kjeldahl's
method[15].

Statistical analysis

The analysis of variance was done in a randomized block design.
The results were presented at a 5% level of signi icance. The
critical di erence (CD) values were calculated to compare
various treatment means.

Results and Discussion

A) Effect of chitosan on morpho-physiological characters of
soybean

The e ect of di erent concentrations of chitosan on morpho-
physiological characters (plant height, no. of branches/plant,
leaf area, dry matter, chlorophyll content, and nitrogen content)
were assessed and depicted in Tablel.

1.Plantheightand no. ofbranches

The maximum (52.53 cm) plant height was recorded the
treatment T, (60 ppm) followed by T, (50 ppm) and T, (40
ppm)with 52.27 cm and 52.00 cmplant height respectively,
compared to control. The maximum number of branches
(4.53/plant) was recorded in the treatment T, (60 ppm)
followed by T, (50 ppm) and T, (40 ppm) with 4.10 and 4.00
branches per plant, respectively compared to the control.

The present indings were by following the earlier studies on
pigeon peas and groundnuts [16,3]. Foliar application of
chitosan at 25 ppm increased the number of branches in
soybean[12].

2.Leafareaand dry matter

At35 Days After Sowing

Maximum leaf area (19.33 dm?) and highest dry matter content
(8.23 g) were observed in treatment T, (60 ppm) followed by
treatment T, (50 ppm) and T, (40 ppm) with 16.23 dm’ and
16.03 dm? leaf area and 8.13 g and 7.97 g dry matter,
respectively.

At50 Days After Sowing

Remarkable and signi icant variation in leaf areaand dry matter
production was 50 days after sowing. Maximum leafarea (32.14
dm?) and highest dry matter content (19.73 g) were observed in
treatment T,(60 ppm) followed by treatment T, (50 ppm) and T,
(40 ppm) with 28.43 dm” and 25.44 dm’ leaf area and 19.30 g
and 19.17 gdry matter, respectively.

Foliar application of chitosan at 50 ppm, 100 ppm, and 60 ppm
concentrations signi icantly enhances leaf area and dry matter
in pigeon pea and groundnut crops, respectively [16,3]. Foliar
application of chitosan at 25 ppm increased leaf area/plant in
soybean[12].

3.Chlorophyll and nitrogen content
At 35 Days After Sowing
The highestchlorophyll content (2.02 mg/g) and nitrogen

content (5.41%) were observed in treatment T, (60 ppm)
followed by treatment T, (50 ppm) and T, (40 ppm) with 1.99
mg/g and 1.92 mg/g chlorophyll content and 4.85 per cent and
4.76 percent nitrogen content, respectively.

At 50 Days After Sowing

Remarkable and signi icant variation in leaf area and dry matter
production was 50 days after sowing. Highest chlorophyll
content 1.94 mg/g) and nitrogen content (6.0 %) observed in
treatment T, (60 ppm) followed by treatment T, (50 ppm) and T,
(40 ppm) with 1.93 mg/g and 1.89 mg/g chlorophyll content
and 5.86 percent and 5.74 percent nitrogen content,
respectively.

Foliar application of chitosan at 100 ppm and 60 ppm
concentrations signi icantly enhances chlorophyll and nitrogen
content in leaves of groundnut [3]. Application of copper-
chitosan nano-composites @ 75 ppm attributed to maximum
leaf chlorophyll content in onion [1]. Foliar application of 50
ppm chitosan signi icantly enhanced leaf nitrogen content in
leaveswhen applied at45and 65 DAS[7].

B) Effect of chitosan onyield and yield attributing characters
of soybean

The e ect of di erent concentrations of chitosan on yield and
yield attributing characters (hundred seed weight, no. of
pods/plant, and seed yield) were recorded and depicted in
Table 2.

1.Hundred Seed weight and no. of pods/plant

Signi icantly highest seed weights (15.20 g) and no. of pods
(36.67/plant) were observed in treatment T, (60 ppm chitosan)
followed by T, (50 ppm) and T, (40 ppm) with 14.00 gand 12.90
gseedweightand 33.93and 32.87 pods/ plant, respectively.
Foliar sprays of chitosan at 25 ppm and 100 ppm signi icantly
increased 100 seed weight in soybean and groundnut crops,
respectively [12, 3]. Chitosan at 50 ppm signi icantly increased
the number of pods planted in pigeon peas [7].

2.Seedyield/haand input-outputratio

The highest seed yield (24.24 g/ha)was recorded in T, (60 ppm
chitosan) followed by T6 (50 ppm) and T, (40 ppm) with 22.43
g/haand 21.31 g/ha, respectively. All the treatments showed an
increase in yield over control. In treatment, T, (60 ppm
chitosan) 38.79 per cent increased yield over control followed
by T, (50 ppm) and T, (40 ppm) with 28.42 per cent and 21.97
per cent, respectively. The maximum input-output ratio (1:2.65)
was observed in treatment T, (60 ppm chitosan) followed by T,
(50 ppm) and T (40 ppm) with 1:2.45and 1:2.33, respectively.
Foliar application of chitosan at 50 ppm,100 ppm, and 60 ppm
signi icantly enhanced seed yield in pigeon pea and groundnut,
respectively [7,3].

Conclusion

Thus from the present study, it is concluded that the foliar
application of 60 ppm chitosan at 25 and 40 days after sowing
increased plant height, no. of branches, leaf area, dry matter
content, chlorophyll content, nitrogen content in leaves, 100
seed weight, no. of pods/plantand yield of soybean crop.
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Table 1. Effect of foliar spray of chitosan on morpho-physiological parameters of soybean (pooled data).

Plant No. of Leaf area Dry matter Chlorophyll N content in
Tr. Treatments .
No details Height | branches/plant (dm?) (8) (mg/g) leaves (%)
. (cm) atmaturity | 35DAS | 50DAS | 35DAS | 50DAS | 35DAS | 50DAS | 35DAS | 50DAS
T Control 40.13 3.03 11.04 | 1655 | 563 | 1567 | 150 1.29 3.38 443
water Spray
T, Chlt;;: 101 4067 3.53 1137 | 1791 | 580 | 1617 | 151 1.55 3.41 450
Ts Chlt;’;r 20\ 4827 3.77 1324 | 2154 | 727 | 1653 | 1.73 176 | 415 485
Ts Chlt;;j:‘ 30 1 4880 3.80 1466 | 2164 | 737 | 1663 | 1.74 180 | 4.22 5.18
Ts Chlt;’;:‘ 401 5500 4.00 1603 | 2544 | 797 | 1917 | 1.92 189 | 476 5.74
Te Chlt:;i:‘ S0 1 507 410 1623 | 2843 | 813 | 1930 | 1.99 1.93 485 5.86
=
T | C lt:;r 60 | 5553 453 1933 | 3214 | 823 | 1973 | 202 1.94 5.41 6.00
Te Chlt;’;r 701 5007 3.93 1546 | 2455 | 780 | 1883 | 1.75 188 | 474 5.32
To Chlts;j:‘ 80 | 4947 3.87 1522 | 2435 | 740 | 1723 | 174 187 | 425 5.20
Ty, | Chitosan 47.53 3.73 1276 | 2138 | 707 | 1683 | 167 | 175 | 401 476
90ppm
T,, | Chitosan 46.53 3.67 1232 | 2039 | 617 | 1673 | 153 1.70 3.78 453
100ppm
SE (m) = 145 0.17 0.90 158 | 048 | 072 0.09 0.09 0.20 0.14
CD at 5% 429 0.50 2.66 275 143 124 | 028 0.27 0.60 0.44
CV % 5.22 7.79 1088 | 11.90 | 1174 | 711 9.69 | 9.01 8.26 5.02
Table 2. Effect of foliar spray chitosan on yield and yield contributing parameters of soybean (pooled data).
1 No. of iel %1 I
Tr. No. Treatments details OP seed o. of pods/ Seed yield )% increase over nput _
weight (g) plant (q/ha) control output ratio
T1 Control water spray 10.10 20.27 17.47 0.00 1:1.97
T, Chitosan 10 ppm 10.20 22.07 18.19 413 1:1.98
T Chitosan 20 ppm 11.90 2713 19.48 1152 1:2.13
Ts Chitosan 30 ppm 12.30 29.40 2027 16.07 1221
Ts Chitosan 40 ppm 12.90 32.87 2131 21.97 1:233
Te Chitosan 50 ppm 14.00 33.93 22.43 2842 1:2.45
T, Chitosan 60 ppm 15.20 36.67 2424 38.79 1:2.65
T Chitosan 70 ppm 12.60 32.80 21.28 21.85 1:2.32
To Chitosan 80 ppm 12.43 30.93 19.60 12.19 1:2.14
T1o Chitosan 90 ppm 11.20 26.07 18.49 5.87 1:2.02
Tnt Chitosan 100 ppm 10.80 22.27 18.28 467 1:1.99
SE (m) + 0.28 2.92 0.68
CD at 5% 083 8.63 2.01
CV % 401 17.69 5.86
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