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Abstract

This study, conducted in the subtropical region (Bihar), India in the year 2020-2022 to
explores the influence of various trash management practices on soil health, nutrient balance
and economics under sugarcane (CoP 2061) plant and ratoon systems. The experiment
included treatments such as trash mulching with inoculation with Trichoderma viride,
alongside the use of organics like farmyard manure (FYM) and vermicompost. The results
revealed that trash mulching, particularly when combined with Trichoderma, significantly
improved cane yield, with increases of up to 26.30% in plant crops and 32.83% in ratoon
crops compared to control. These practices also enhanced soil health, as evidenced by higher
soil organic carbon, nutrient availability, physical environment of soil. The economic analysis
revealed that trash treatments led to a higher benefit-cost (B:C) ratio for plant (1.89) and
ratoon (2.20), making them a sustainable option. The positive balance of available-NP was
recorded in both plant and ratoon crop, while potassium (K) was negatively balanced in

control plot for plant (-13.56 kg ha™!) and ratoon (-12.79 kg ha™!) crop.
Keywords: Soil health, Carbon stock, Mulching, Benefit-cost ratio, Nutrient Balance

Introduction

Yield of trash (Dry leave and top of sugarcane crop) is an associate with millable cane
and it produces (8-12 t ha-!) after detrashing practice of millable cane over the one crop
season. This is the biggest challenge for the farmers to handle huge amounts of trash left in
the field after crop harvest. The large portion of the residues is burnt on-farm by the farmers
despite of banned by Indian government. Most of the farmers burned it in open fields which

deteriorating the soil health and caused severe air pollution and greenhouse gases release to



global warming. The subtropical region of India (Uttar Pradesh, Bihar, Haryana and Punjab)
covered 55 % of total sugarcane area. However, the yield sugarcane is low in subtropic
region might be due to short growing season, high temperature gap among seasons, plant
protection problems, floods and water logging which leads to very poor ratoons. The
productivity of subtropic region around 60 tonnes per hectare. However, there is considerable
potential to be exploited [1]. The ratoon crop covers half of sugarcane area in India
nevertheless it contributes 25-30 % of the total cane production. This reducing of yields in
third or forward ratoons due to decline in soil fertility [2]. The addition of organics and
inorganics significantly improved the economic yield of sugarcane main crop and its ratoons
[3]. The higher shoot populations, leaf area index, dry matter production (DMP), number of
millable cane, cane and sugar yield of ratoon and soil organic carbon (SOC) content at
harvest and higher net returns also observed the lowering weed density, weed dry weight and
bulk density of soil due trash mulching with various agronomic practices [4]. Nowadays the
sugarcane production potential decreasing may be due to deteriorating in soil health of
India’s subtropical region. The declining in cane yield has been reported from last decade in
India due to reduce the soil organic matter [5], [6]. The mulching of trash can be used as
nutrient supplements for the maintaining of soil health and production potential of crop. The
management of trash as mulching or incorporation [7], mulching with Trichoderma [8], [9].
and mulching with Trichoderma + FYM [10], [9]. Improved soil health, soil fertility,
economic production of cane (Cane and sugar yield) under sugarcane based cropping system.
While trash burning observed that losses more than 70 % of nutrients [11]. Trash mulching
has become a common practice in sugarcane ratoon. It has been observed to be conserves soil
moisture, reduces soil erosion, controls weed growth and improved in Soil carbon (soil
health) after decomposition [12]. Trash mulching similarly offers shelter to soil
microorganisms [13], responsible for bio-decomposition/ nutrient mineralization. Thus, trash
regulates the rhizospheric environment through enhanced soil health parameters, soil
moisture and ultimately improves crop growth and yields [14], [15], [16], [17]. The effect of
sugar wastes on maize growth, yield and uptake of macronutrient (NPK) [18]. The influence
of organics significantly improved nutrient uptake [19]. The combined action of organic
(FYM) and chemical fertilizer treatment under plant - ratoon system and they were in opinion
that increased yield contributing attributes, cane yield and sugar yield due to use of organic
with inorganic nutrient source in combination under sugarcane production system [14].
Whereas, the incorporation of Trichoderma treated trash enhanced the uptake of most vital

nutrients i.e. N, P and K uptake by sugarcane [20]. The application of organics and



Trichoderma viride in mung bean intercrop (1:2) reported the maximum nutrient uptake,
yield and net profit and B:C ratio [21]. Several researchers have been emphasized on the
benefits of crop residue/trash mulching for increasing crop productivity and maintaining the
sustainability of farming systems in tropical and sub-tropical climatic conditions [22]. Trash
treated with Trichoderma degraded fast and quickly released nutrients and improved
biological activity and fertility status of soil [16]. In according to above fact this present
experiment has been carried out with aim to investigate the influence of trash management on
sugarcane production potential, soil health and nutrient balance in soil under plant and ratoon
system in Calcareous soil.

The profile of experimental site

The average annual rainfall was 1537 mm and 1909 mm during the plant and ratoon crop
season, respectively. This research was planned at experimental site situated on the bank of
the river Burhi-Gandak in the Samstipur, district of Bihar (India). Its coordinates were 25.58°
N, 85.40° E, and its site comes under Ustic moisture regime subtropical climatic region of
India. The experimental soil had sandy-loam textural class [23]. The analysis of initial soil
indicates slightly alkaline in nature (8.67) [23] with medium EC (0.49 dSm™) [23], free
CaCOs (31.62 %) [23], low organic carbon (4.60 g kg™!) [24], medium in available N [25], P
[26] and K [23] (224, 10 and 97 kg ha™!, respectively). The applied sugarcane trash, farmyard
manure and vermicompost were contained C/N ratio 79.84, 25.58 and 20.60, respectively.
Prior to the start of the plant crop experiment, the initial and after harvest of main and ratoon

crop surface soil samples were collected and analysed for various soil characteristics.
Experimental Details

The above research work was planned and conducted in RBD with 8§ treatments and 3
replications. The treatments included control (RDF), trash mulching alone, trash mulching
with urea (25 kg N ha'!), FYM (5 t ha'!), VC (2.5 t ha!), Trichoderma viride (500 gm t! of
trash), Azotobacter+ phosphorus solubilizing bacteria (5 kg ha'!) and trash incorporation. The
methods of trash treatment employed in both main and ratoon crop of sugarcane () (CoP
2061). The experiment was carried out for the main sugarcane crop in 2020-2021 and the
ratoon crop in 2021-2022. Trash was collected from Crop Research Centre, RPCAU, Pusa
for main crop, while plant crop generated trash was used as in situ for ratoon crops. The
Department of Plant Pathology, RPCAU, Pusa provided Trichoderma culture (10° — 10° cfu

g of culture), which was used to inoculate the trash.



The cane yield (t/ha) was multiplied by the CCS percent (commercial cane sugar percentage)

CCS %XxYield of cane (h—ta)

as follows: Yield of sugar (t/ha) = 100

The cane samples (Whole cane) have been collected at the harvest time and cane juice was
extracted by using the power crusher and pol (sucrose) content of juice was assessed as per
the protocol [27]. CCS was computed from the Brix and pol measurements.

CCS (%) =[S-0.4 (B-S)] x0.73
An economical assessment was computed based on the treatment for main and ratoon crop of

sugarcane.
Sampling and analysis of soil

An initial soil sample was taken during the beginning of the experiment and soil
samples were also collected treatment wise at the harvest of sugarcane ratoon crop (0 to 15
cm soil depth). The bulk density was determined using fresh core soil samples [27]. The wet
oxidation method was used to measure the amount of soil oxidizable organic carbon [24].
The methodology used for available-N [25], available phosphorus [26] and available-K [23].
The balance sheet was prepared for both plant and ratoon crops. To ascertain the statistical
significance of treatments, analysis of variance (ANOVA) was performed and the least
significant difference (LSD) at the 5 % level of significance was applied for testing variation

among treatment mean value.

Results and Discussion

Soil Health

Soil organic carbon (4.53 — 6.93 g kg!) improved significantly due application of sugarcane
trash management (Table 1). The soil organic carbon stock varied from 14.70 — 20.76 Mg ha-
1 after harvest of ratoon. The various trash mulching treatments (T2-Ts) significantly
influenced soil available nitrogen (N), phosphorus (P2Os) and potassium (K»O) content after
harvest of ratoon crop (Table 1). A significant improvement was recorded similar trend for

soil organic carbon stock [34], [35], [36].

The BD of soil significantly reduced (Table 1) after harvest of ratoon crop as compared to no
trash. The lowest BD was measured in T4 (1.41 Mg m?>) and Te (1.41 Mg m™) treatments
receiving trash mulching (10 t ha™!) treated with FYM and Trichoderma. In case of surface
soil layer, the soil penetration resistance mean value varied from 1.26 — 1.40 MPa while in

sub-surface it varied from 3.68-4.09 MPa after harvest of ratoon. The lowest penetration



resistance was recorded in T6 in surface (1.26 MPa) and sub-surface (3.68 MPa) receiving
trash mulching inoculated with Trichoderma. In general, soil strength increases from surface
to sub-surface soil (Table 1). The WHC varied (36.43- 44.94 %) significantly due to different
trash mulching management practices. The highest percentage of macro aggregate recorded
in Ts (63.30 %) followed by T4 (60.41 %), Ts (59.38 %), T7 (59.13 %), T3 (59.08 %), Ts
(57.60 %), T2 (55.61 %) and lowest in control (45.34 %). After 2 years, the Trichoderma
inoculated trash mulching treatment showed significantly superior as compared other
treatments (Table 1). The trash mulching treatments significantly enhanced the SMBC by
139.47 % over the no trash (Control) after two crop cycles (Table 1) [31], [32], [33].

Uptake of NPK

The uptake of nitrogen, phosphorus and potassium by sugarcane crop improved
significantly changed from 213.47 — 282.40 kg N ha™! after ratoon harvest (Figure 1). Among
the trash applied treatments, nitrogen uptake recorded highest in Ts (282.40 kg ha'). The P-
uptake from the soil was influenced ranged from 15.21 — 20.57 kg ha’'. Nevertheless, the
potassium uptake by ratoon was significantly more in trash treatments as compared to control
(Figure 1). The K-uptake ranged from 165.35— 246.34 kg ha! at harvest stage of ratoon. The
uptake of macronutrients (NPK) increased significantly due to increased concentration of
nutrients in plant due to higher availability of NPK in soil. In addition, higher accumulation
of biomass as reflected from dry matter production in trash treated treatments uptakes more
nutrient. Similar effects of trash or organics addition on uptake nutrients also reported by
[20], [29], [6], [30], [37].

Balance of NPK

The trash mulching treatments improved positive (+) balance of available nitrogen (N), being
highest in T¢ and lowest in control. However, positive (+) balance of available phosphorus
(P), presence highest in T7 and lowest in control (Figure 2). It might be due to increased
available-NP in soil due to decomposition of treated trash. However, potassium (K) was
negatively balanced in control plot (-12.02 kg K>O ha™!), while it balanced positively in trash
treatments either mulching (T2-T7) or incorporation (Ts) after harvest of ratoon), depicted in
figure 2. It might be due to less availability of K in control plot after ratoon harvest. The
luxury consumption of K may be also the reason for higher uptake of K by sugarcane. The

results followed the agreements with [29], [14], [5], [38].

Cane yield and economics



The plant and ratoon cane yield which significantly improved due to trash application
(Table 2). The yield of cane increased minimum by 13.28 % in T2 (Trash mulching alone)
and maximum by 26.30 % in T in plant crop. The cane yield increased maximum to the tune
of 32.83 % in Ts followed T4 (24.37 %) receiving trash mulching activated with FYM over
the control. The results agreed with [8], [10], [13], [39].
B:C ratio

The B:C ratio increased significantly (p<0.05) in trash mulching treatments,
activated/inoculated and its direct incorporation into soil under sugarcane plant and ratoon
trash mulching cropping system (Table 2). The addition of trash (T2) was inferior in terms of
B:C ratio. However, all the trash treatments were found on par with each other. The higher
B:C ratio in trash activated/inoculated treatments owing to the low cost of cultivation and
high gross return due to higher yield in both plant and ratoon crops. The similar findings have

been reported by [28], [3], [20].

Conclusion
The study highlights the significant benefits of trash mulching management on sugarcane
growth, yield and soil health. While treatments, particularly trash mulching with
Trichoderma, significantly increased tiller count, cane length, and yield in ratoon crops. Soil
health also improved, with notable improvements in organic carbon, bulk density, water
holding capacity and microbial biomass carbon. The findings emphasize the effectiveness of
trash mulching management with organic and microbial treatments for boosting sugarcane
productivity and soil sustainability.
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Figure 1: Effect of trash mulching treatments on nutrient uptake by ratoon crop.
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