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ABSTRACT: Sugarcane trash mulching treated with inorganic (Urea)/ organic sources (Vermicompost/
FYM) and microbial inoculants (Trichoderma viride / Azotobacter + PSB) improved soil health parameters
significantly in terms of physical, chemical and biological properties of soil after harvest of sugarcane
ratoon crop (two years). The organic carbon, soil respiration and soil microbial biomass carbon enhanced
due to sugarcane trash mulching treated with urea or FYM/ vermicompost/ Trichoderma and Azotobacter +
PSB treated plots as compared to control (No trash). Among various mulching treatments improvement
was significantly more in plots treated with Trichoderma viride. The trash mulching treatments also
reduced soil resistance, bulk density and improved water holding capacity of soil. The mean sugarcane
plant height (185.43cm - 232.87cm) and ratoon crop's height (175.56cm - 220.65cm) varied significantly at
280 days old sugarcane crop. The highest dry matter production was recorded in Trichoderma inoculated
trash mulching treatment (Plant 26.64 t ha-1 and Ratoon 24.94 t ha-1). Sugarcane trash mulching resulted
in enhanced number of millable cane, cane yield and sugar yield of plant and ratoon crop over no trash
treatment. The brix percent of cane juice for plant (18.80-20.07) and ratoon crop (17.91-19.31) varied
significantly in the treatment of Trichoderma inoculated trash only. The quality of juice in terms of brix,
pol and purity were comparatively better in trash treated plots over no trash treatment. Sugarcane trash
mulching (10 t ha-1) either treated with urea (N 25 kg ha-1) / FYM (5 t ha-1)/ vermicompost (2.5 t ha-1), or
inoculated with Trichoderma viride (500gm  t-1 of trash)/ Azotobacter + PSB (5 kg ha-1) improved soil heath
in terms of soil organic carbon, soil microbial biomass carbon, soil respiration, water holding capacity,
bulk density and soil resistance with significant improvement in yield and juice quality of sugarcane plant -
ratoon system in calcareous soil.
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INTRODUCTION

Sugarcane trashes are plant parts that remain in the field
after crops are harvested. Sugarcane trash recycling has the
advantage of converting surplus farm waste into a useful
product for meeting the nutrient requirements of
succeeding crops. Crop residues are the source of
carbonaceous material and food for soil microorganisms
while also contributing to plant nutrients (Bisen and
Rahangdale 2017 and Dar and Sahu 2017). Sugarcane
trash burning is common in north India, resulting in
nutrient losses and may cause air pollution that will be
endangers for human health. To mitigate straw burning,
crop residue management innovations should aid in
achieving sustainable productivity, allowing farmers to
reduce nutrient and water inputs and reduce risk from
climate change. Crop residues contain significant amounts
of plant nutrients, and their judicious application will
improve soil physical environment and nutrient recycling
in cropping system. Crop residue retention on the soil
surface reduces run-off and soil erosion while lowering
soil evaporation and land preparation costs. Around 550
million tonnes (Mt) of crop residues are produced in India.
Sugarcane trash consisting of tops and leaves generate 12

Mt, i.e., 2% of the crop residues in India. The crop residue
generated, residue surplus and burnt annually indicates
that about 140.84 Mt. of crop residue are surplus and about
92.81 Mt. of crop residues are being burnt across the India
annually (Pandey, 2018). The application of sugarcane
trash found beneficial for sustaining productivity of
sugarcane in calcareous soil (Jha et al., 2019).
Sugarcane accounts for more than 60% of global sugar
production. Because the demand for white sugar is
constantly growing, cane productivity and sugar recovery
must be increased in tandem. Sugarcane trash mulching
treatments with either furrow irrigation increased the
microbial properties. Trash mulch plots result in reduced
bulk density, increased soil porosity and maximum water
holding capacity, while un-mulched treatment was inferior
for all the above parameters (Mathew and Varughese
2008). The application of trash has a significant impact on
the organic status of the soil. When organic matter is
added to the soil through biomass production, it undergoes
microbial degradation and releases plant nutrients. Soil
bulk density and penetration resistance were influenced by
in situ trash mulching and bio-intensive modulation of the
sugarcane ratoon rhizosphere, followed by harvest of the
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second ratoon crop (Tayade et al., 2018). The bio-
intensive sugarcane ratoon rhizosphere modulation
treatments were found to be very effective in lowering soil
bulk density and compaction. In contrast, value of soil
penetration resistance lies within the "low resistance class"
(Canarache, 1990). Soil mulching with crop residue plays
an important role in the sugarcane ecosystem. It acts as
insurance for the productivity of the sugarcane plant-
ratoon system. Hence, the current study was carried out to
investigate the Improvement in soil health, productivity
and Juice quality of sugarcane plant-ratoon system grown
in Calcareous soil.

METHODS AND MATERIALS

The sugarcane plant–ratoon system was implemented in
the field trial using a randomized block design at the Crop
Research Centre, RPCAU, Pusa, Bihar as a part of Ph.D.
programme. The farm is located at an elevation of 52.0 m
above mean sea level and at 25.58° N, latitude 85.40° E
long. Under the Ustic moisture regime, the climate in the
area was subtropical. During the crop growth period of
2020-2021, the average annual rainfall was 1883.60 mm,
and the average yearly temperature was 29.90 (Maximum)
and 19.3 °C (Minimum). The sugarcane trash mulching
treatments treated with urea (N25Kg ha-1) FYM (5 t ha-1),
vermicompost (2.5 t ha-1) and inoculated Trichoderma
(500 gm-1 t of trash)/ Azotobacter + PSB (5 kg ha-1). The
sugarcane trash was applied 10 t ha-1. CoP 2061 a mid-late
variety of Sugarcane was planted during March, 2020 with
the beginning of ratooning in February, 2021. Sugarcane
trash mulch was applied 10 t ha-1 along with urea,
Trichoderma viride was applied 500 gm t-1 of trash along
with FYN slurry (200 kg FYM ha -1) Azotobacter + PSB
was applied 5 Kg ha-1 each along with FYM slurry in
moist condition. The sugarcane trash was applied between
row to row spacing of plant, and it was treated with urea,
FYM, vermicompost, and Trichoderma/ Azotobacter +
PSB as per technical details. All treatments received the
recommended fertilizer dose of fertilizer for sugarcane
plant (150 kg N, 85 kg P2O5, and 60 kg K2O ha-1) and
ratoon crops (170 kg N, 60 kg P2O5, and 60 kg K2O ha-1).
Recommended practices were adopted for the sugarcane
plant ratoon crop. Surface soil sample (0-15cm) was
collected from the experimental area at starting and also
after harvest of the sugarcane ratoon crop. The soil
samples were analysed for organic carbon by using the
chromic acid digestion method (Walkley and Black 1934).
Bulk density determined by core method (Blake, 1965).
Penetration resistance was measured with the help of a
cone penetrometer for surface and sub-surface soils. The

water holding capacity was measured by the keen box
Rockzowski method. The soil microbial biomass carbon
(SMBC) was determined by fumigation with ethanol-free
chloroform method (Jenkinson and Ladd 1981). Soil
respiration at the harvest stage was determined by trapping
the evolved CO2-C in NaOH followed by addition of few
drops of saturated BaCl2 solution and using
phenolphthalein indicator and titrated with 1N HCl (Page
et al., 1982). The data were analyzed statistically.

RESULT AND DISCUSSION

Growth and yield attributes. Plant height, dry matter
(DM) production and number of millable cane (NMC)
were significantly higher in sugarcane trash mulched
treatments than the treatment without trash (control). The
sugarcane plant height (185.43 - 232.87 cm) and ratoon
crop height (175.56 - 220.65 cm) varied significantly due
to trash treatments at 280 days crop growth stage (Table
1). Dry matter production was maximum in Trichoderma
inoculated trash mulched treatments for sugarcane plant
(26.64 t ha-1) and ratoon crop (24.94 t ha-1), which was
20.37 % (sugarcane plant crop) and 20.44 % (ratoon crop)
more over the control. Number of millable cane (NMC)
was significantly higher in Trichoderma inoculated trash
mulched treatments than in control. However, NMC was
found lower in ratoon crop as compared to sugarcane plant
crop. The trash mulching activated with urea/ FYM /VC/
Trichoderma/ Azotobacter + PSB, and direct trash
incorporation improved soil environment and supplement
the plant nutrition after decomposition. Trichoderma also
release plant growth promoting substances which
stimulates the root system and enhance plant growth.
These results were in agreement with Shukla et al. (2008);
Yedidia et al., (2001); and Harman, (2000), who reported
that Trichoderma inoculated trash influences the sugarcane
plant growth and yield attributing characters.
Cane and sugar yield. The results indicated that trash
mulching activated with urea (N 25 kg N ha-1), or organics
viz. FYM (5 t ha-1), VC (2.5 t ha-1)/microbial inoculated
(Trichoderma / Azotobacter + PSB) was found superior
over the trash incorporated plots. Trash mulching was
found beneficial over trash incorporation (Table 1).
Sugarcane trash mulching / incorporation treatments
enhanced the yield of cane and sugar as compared to no
trash. Cane yield was recorded significantly highest in
Trichoderma inoculated trash mulch treatment for plant
(85.31 t ha-1)  and ratoon crop (71.99 t ha-1) followed by
trash activated with FYM/VC/ Azotobacter + PSB and
lowest in control (65.96 t ha-1 plant crop and 54.20 t ha-1

for ratoon crop).

Table 1: Effect of trash mulching methods on crop growth attributes, cane yield and sugar yield after
sugarcane plant and ratoon crop.

Treatments
Plant Height (cm) DM (t ha-1) NMC (×10-3 ha-1) Cane Yield

(t ha-1)
Sugar Yield

(t ha-1)280 DAR Harvest Stage Maturity Stage
P R P R P R P R P R

Control 185.43 175.56 19.63 18.43 100.79 85.12 65.96 54.20 7.22 5.78
Trash 192.97 197.17 20.92 18.89 109.05 89.85 74.72 58.61 8.64 6.59

Trash + Urea 206.13 203.26 24.02 21.61 113.79 93.53 78.12 62.27 9.15 7.24
Trash + FYM 212.19 213.86 25.73 23.49 115.71 96.51 81.82 67.41 9.64 7.89
Trash + VC 208.91 210.45 25.09 22.70 114.85 95.23 81.68 65.02 9.66 7.58

Trash + Trichoderma 232.87 220.65 26.64 24.94 116.79 99.96 85.31 71.99 10.21 8.58
Trash + Azoto. + PSB 207.63 208.78 24.79 22.10 114.96 94.49 79.77 64.15 9.35 7.46
Trash incorporation 201.95 207.10 22.65 21.75 111.53 93.91 78.05 62.96 9.15 7.01

SEm (±) 8.78 8.28 1.50 1.36 3.26 2.77 3.53 3.29 0.59 0.50
CD (P=0.05) 26.62 25.12 4.56 4.11 9.89 8.41 10.71 9.97 1.80 1.50

Sugarcane Trash: 10 t ha-1applied in all treatments except control; DM: Dry matter production; NMC: Number of millable cane
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Sugar yield was also significantly higher in Trichoderma
inoculated trash compared to the control. In general cane
yield and sugar yield were higher for sugarcane plant crop
than ratoon crop. Results obtained were similar to Jat et al.
(2019), who reported that yield was increased in crop
residue retention treatments than the residue removal
treatment which might be due to trash mulching, leading to
enhanced soil plant nutrition. Padian et al. (2020) and Das
et al. (2014) also reported that crop residue releases the
plant nutrition by decomposition increasing the cane yield.
Juice quality and juice recovery. The brix percent of
cane juice for plant (18.80-20.07) and ratoon crop (17.91-
19.31) varied significantly in the treatment of Trichoderma
inoculated trash. The quality of juice in terms of brix, pol
and purity were comparatively better in trash treated plots
over control. The quality of cane juice was also superior
for plant crop as compared ratoon crop (Table 2). Juice
recovery was resulted significantly higher in all trash
mulching plots activated with FYM/VC/Trichoderma /
Azotobacter + PSB plots than control plot. Juice recovery
ranged from 47.45 - 63.69 % (Plant crop) and 45.33 -
60.44 % for (Ratoon crop). Over all the juice recovery was
more in plant crop as compared to ratoon and being the

highest in Trichoderma inoculated trash plot. The trash
mulching with urea, FYM /VC/ Trichoderma/Azotobacter
+ PSB, accelerate the decomposition of trash and
supplement the plant nutrition. Moreover, improvement in
soil physical environment due to trash mulching resulted
in better root system and promotes proper nutrition of
sugarcane crop. Moreover, Trichoderma also release plant
growth promoting substances which stimulates the root
system and enhance plant growth. Yadav et al. (2009) and
Shukla et al. (2008) recorded similar findings.
Soil health. Soil organic carbon (SOC) improved
significantly either by sugarcane trash incorporation or
sugarcane trash mulching treated with urea/ FYM/VC,
Trichoderma and Azotobacter + PSB, over the control.
Among various mulching treatments SOC was
significantly higher (0.73%) in plots treated with
Trichoderma viride (Table 3). The sugarcane trash mulch
treated with Trichoderma viride capably and quickly
degraded trash. The trash inoculated with Trichoderma
viride degraded fast and quickly released nutrients (Shukla
et al., 2008). Modak et al. (2020) and Tayade et al. (2018),
also observed that the crop residue mulching reduced in
soil bulk density and improved in soil penetration.

Table 2: Effect of sugarcane trash mulching on juice quality of sugarcane plant (P) - ratoon (R) crops.

Treatments
Juice quality

Brix Pol Purity Juice Recovery (%)
P R P R P R P R

T1-Control 18.80 17.91 16.15 15.53 86.13 84.25 47.45 45.33
T2-Trash 19.27 18.95 16.87 16.46 86.63 86.27 57.16 54.21

T3-Trash + Urea 19.33 18.96 17.00 16.73 87.72 87.00 58.11 57.09
T4-Trash + FYM 19.57 19.31 17.21 16.96 88.23 87.85 62.42 59.38
T5-Trash + VC 19.37 19.01 17.12 16.85 87.93 87.27 60.95 59.06

T6-Trash + Trichoderma 20.07 19.73 17.44 17.28 88.99 88.30 63.69 60.44
T7-Trash + Azo+PSB 19.43 19.00 17.01 16.81 87.77 87.07 57.24 58.52

T8-Trash incorporation 19.33 18.98 17.00 16.57 87.13 86.89 57.63 54.33
SEm (±) 0.51 0.39 0.54 0.4525 0.66 0.77 2.70 3.23

CD (P=0.05) 1.51 1.20 NS NS NS NS 8.19 NS

Note: Sugarcane Trash: 10 t ha-1, Urea (25 kg N ha-1), FYM (5 t ha-1), VC- Vermicompost (2.5 t ha-1), and Trichoderma (500 g-1 t of trash)/
Azotobacter + PSB (5 kg ha-1)

Table 3: Effect of sugarcane trash mulching methods on soil properties of soil after ratoon crop harvest.

Treatments
Organic
Carbon

(%)

Bulk Density
(g cm-3)

Soil Resistance
(MPa)

WHC
(%)

Soil Respiration
(mg CO2-C kg-1 soil

day-1)

SMBC
(mg kg-1)

(0-15 cm) (15-30 cm)
Control 0.49 1.56 1.40 4.09 36.43 20.00 110.73
Trash 0.63 1.47 1.31 3.82 41.09 26.20 194.27

Trash + Urea 0.65 1.45 1.29 3.76 41.94 27.00 225.36
Trash + FYM 0.69 1.42 1.26 3.68 43.22 27.70 248.75
Trash + VC 0.68 1.42 1.27 3.71 42.53 27.40 240.54

Trash + Trichoderma 0.73 1.41 1.21 3.54 44.94 31.10 265.16
Trash + Azoto. + PSB 0.65 1.43 1.27 3.72 42.13 26.50 231.35
Trash incorporation 0.64 1.44 1.30 3.79 41.38 26.30 203.18

SEm (±) 0.01 0.03 0.03 0.10 1.17 0.67 5.24
CD (P=0.05) 0.04 0.09 0.09 0.30 3.54 2.02 15.88

Sugarcane Trash: @10 t ha-1 applied in all treatments except control; WHC: Water holding capacity; SMBC: Soil microbial biomass carbon

Bulk density and soil resistance were reduced by applying
sugarcane trash mulch treated with organic materials/ urea
and microbial inoculants as compared to control after
ratoon crop harvest. The mean bulk density ranged from
1.56 - 1.41 Mg m-3, while penetration resistance of surface
soil (0-15 cm) reduced as compared to the lower layer of
soil (15-30 cm). On the other hand, it also increased the
water holding capacity of soil in sugarcane trash mulch
treatment as compared to treatment without trash. The data
indicated that addition of activated sugarcane trash
improved soil physical, chemical and biological

environment.  These results were similar to the findings of
Yadav et al. (1994) and Yadav et al. (2009), who reported
that trash mulching reduced soil compaction and bulk
density of soil. Crop residue retention was reduced soil
bulk density (Das et al., 2020). Soil respiration was
significantly lower in control as compared to all other
trash treatments. Soil respiration was maximum in
Trichoderma inoculated trash (31.10 mg CO2-C kg-1 soil
day-1) followed by trash with FYM, trash with VC, trash
inoculated with Azotobacter and PSB, and trash
incorporation into the soil over the control (20.00 mg CO2-
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C kg-1 soil day-1). Similar results were observed by Yadav
et al. (2009), who reported that soil basal respiration in the
treatment with Trichoderma inoculated trash was more
compared to other treatments. Soil microbial biomass
carbon (SMBC) was higher in sugarcane trash mulched
treatments compared to control (without trash). SMBC at
harvest of ratoon was lowest in no mulch treatment
(110.73 mg kg-1) and highest in sugarcane trash inoculated
with Trichoderma viride (265.16 mg kg-1). However,
SMBC result was found statistically at par in trash applied
with FYM/VC/ Trichoderma and Azotobacter + PSB.
These results might be due trash mulching which favours
the induced microbial activity of soil and improvement in
overall soil health for better crop production. Results
agreed with findings of Yadav et al. (2009), who found
that SMBC was higher in Trichoderma inoculated trash
mulching.

CONCLUSIONS

Sugarcane trash mulching (10 t ha-1) either treated with
urea (N 25 kg ha-1)/ FYM (5 t ha-1) /vermicompost (2.5 t
ha-1), or inoculated with Trichoderma viride (500gm t-1 of
trash)/ Azotobacter + PSB (5 kg ha-1) significantly
improved soil heath in terms of soil organic carbon, soil
microbial biomass carbon, soil respiration, water holding
capacity, bulk density and soil resistance with significant
improvement in yield and juice quality of sugarcane plant
- ratoon system in calcareous soil.

FUTURE SCOPE

Sugarcane trash mulching can reduce or replace the
fertilizers dose and sustain soil health to produce the
quality produces for future increasing population. It can
also be helpful in cut the atmosphere pollution and save
living life health.
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