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Abstract A field experiment was conducted from 2016 to

2018 at the ICAR-Indian Institute of Sugarcane Research,

Lucknow, Uttar Pradesh, India, to study the effect of

integration of bio-products and inorganic fertilizers on soil

quality parameters, growth and yield of sugarcane and also

to assess the possibilities of reduction in inorganic fertil-

izers doses, if any through the integration of bio-products

with inorganic fertilizers. Eight treatments of various bio-

products in different combinations were applied on sugar-

cane plant and ratoon crops. These treatments were repli-

cated three times in randomized block design. Inclusion of

dharmarut (DHA), diamond (DIA), sugar factory kit (SF

kit), and bio NPK kit with a recommended dose of fertil-

izers (RDF) improved about 18.4% soil organic carbon

(SOC) in sugarcane ratoon crop (13.37 Mg/ha). However, a

40% reduction in NPK could also improve SOC by 7.9%

over the control (11.29 Mg/ha). Application of SF kit and

bio NPK kit with RDF improved available N content in soil

by 15.5% over the control. SF and bio NPK kits and NPK

also improved available P in soil significantly over the

control. Integration of DHA, DIA, SF kit, and bio NPK kit

with 100% RDF improved 11.41% available K in the soil

as compared to control plot (289 kg/ha). However, reduc-

tion in NPK with similar bio-products improved 15.6%

available K after harvesting of ratoon crop compared to

control plot. Mean available K content in soil (305.5 kg/ha)

after harvesting ratoon crop was recorded higher by

43.6 kg/ha than after harvesting of plant crop. Integrated

use of DHA, DIA, SF kit, and bio NPK kit along with

100% RDF improved sugarcane yield by 38.58% and

30.0% in sugarcane (plant) and ratoon crops, respectively,

over the control (RDF). Such improvements in sugarcane

yield also improved sugar yield by 30.4% and 26.4% in

plant and ratoon crops, respectively, over the recom-

mended NPK through chemical fertilizers alone. Integrated

use of these bio-products with 60% RDF also resulted in an

improvement of 16.65% and 19.0% cane yield in plant and

ratoon crops, respectively, over the RDF. Such improve-

ment in yield could contribute additional sugar production

by 9% and 18.5% in sugarcane plant and ratoon crops,

respectively, over the recommended dose of NPK (RDF).

Thus, the integration of bio-products with NPK holds great

promise for various sugarcane growing regions and cate-

gories of farmers to harness sustainable yield increases in

sugarcane-based systems.
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Introduction

Sugarcane is grown in more than ninety countries globally

and occupies about 26.26 m ha area with production of

1907.0 m tones at 72.59 t/ha productivity (FAO 2018).

India ranks second after Brazil in the area (5.11 m ha) and

total sugarcane production (400.16 m tones) at 78.3 t ha-1

productivity level (DAC 2019). Response of organics has

been reported by several research workers on the growth

and yields of sugarcane at various places (Shukla et al.

2008). Sugarcane is a vegetatively propagated crop, and the

organics increased the response of added nutrients inor-

ganic sources (Shukla et al. 2012). The importance of

rhizospheric environment influencing root and plant growth
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has also been researched by several scientists (Shukla et al.

2008; Yadav et al. 2009a and b). Several physicals,

chemical, and biological factors in the rhizospheric envi-

ronment affect sugarcane crop growth, yield, and sugar

recovery (Shukla et al. 2011). Sugarcane crop produces

about 10–12 tonnes/ha of trash in one ha area. Its appli-

cation in subsequent ratoon crops conserves soil moisture,

controls weed growth, and adds organic carbon after

decomposition (Yadav et al. 2009a).

The importance of microbes in modern agriculture is

increasing because of the declining trend in factor pro-

ductivity and soil organic carbon content (Dawe et al.

2003). Sustainability in agriculture has always been con-

sidered a critical issue while feeding the growing popula-

tion of the country and world (Benbi and Brar 2009).

Nowadays, high cropping intensity, minimum use of

organics because of their unavailability, and higher use of

chemical fertilizers in intensive agriculture are causing

imbalanced nutrients to use and resulting in deficiencies of

several other macro- and micronutrients (Raihanna et al.

2017). Soil microbes and their functions related to C

transformation and turnover are influenced by N applica-

tion (Compton et al. 2004). Microbes also play an impor-

tant role in decomposition processes, including lignin and

cellulose degradation and soil carbon turnover (Lei et al.

2018; Mele and Crowley 2008; Sun et al. 2017). Glu-

conacetobacter diazotrophicus is an endophytic bacteria

that survive under anaerobic conditions in plant roots,

rhizomes, stalk, and sugarcane leaves (Hallmann et al.

1997). Pseudomonas fluorescens acts as a P solubilizer and

improves the solubility of P by converting PO4
-3 to

HPO4
-2 and H2PO4

-1 (Alori et al., 2017; Satyprakash

et al. 2017). Increasing P content in sugarcane juice is

essential for better crystallization of sugar during crushing.

The role of Trichoderma in growth production and

inhibition of plant pathogens is well known (Singh et al.

2010; Yadav et al. 2009a). Several researchers have also

reported various nitrogen, phosphorus, and K supplying

microorganisms. These microorganisms/bioagents

improved the growth of crops through nutritional enrich-

ment of soil (Yadav et al. 2009a; Shukla et al. 2009a;

Shukla and Yadav 2011). Several experiments have been

conducted on various types of organisms such as trash

mulching, FYM, press mud cake, and biofertilizer, espe-

cially N and P (Shukla et al. 2009a). However, the efficacy

of various spp of biofertilizers at several places behaved

differently. Thus, the focus is required to determine the

potential microbes and integrate microbial consortia in the

sugarcane-based system to harness maximum sustainable

crop yields. However, very little information is available

on the subject.

Keeping above points in view, our central hypothesis

was that ‘‘application of bioproducts may have an impact

on the rhizospheric environment of crop and creates good

physical, chemical, and biological conditions. These bio-

products may produce various compounds required to

break down complex organic compounds. Thus, nutrient

availability could be increased. Enhanced nutrient avail-

ability will influence crop growth and sugarcane yield in a

sustainable manner. Therefore the present experiment was

taken up with the two objectives (i) to study the effect of

integration of bio-products containing several bio-agents

and inorganic fertilizers on soil quality parameters, growth

and yield of sugarcane in sugarcane (plant)-ratoon system

(ii) to find out the possibilities of reduction in inorganic

fertilizers doses if any through the integration of bio-

products with inorganic fertilizers.

Material and Methods

A field experiment was conducted from 2016 to 2018 at the

ICAR-Indian Institute of Sugarcane Research, Lucknow,

Uttar Pradesh, India, geographically located at 111 m

above mean sea level in the subtropical region. The soil of

the experimental field was loam (48% sand, 35% silt, and

17% clay) of the Indo Gangetic alluvial region. Before the

start of field experiment, initial soil physical and chemical

parameters viz., bulk density (1.35 Mg/m3), pH (7.8),

electrical conductivity (0.22 ds/m), soil organic carbon

(12.5 Mg/ha), available N (279 kg/ha), available P

(10.5 kg/ha) and available K (277.9 kg/ha) were

determined.

Sugarcane was planted on 16th October 2016 at 90 cm

row spacing. Furrows were opened at 90 cm apart through

a tractor-drawn furrow opener at a depth of about

15–20 cm. About 1/3rd N and a total dose of P and K were

applied before placement of setts in furrows. Three bud sets

of cane were planted at the end-to-end placement in-fur-

row. Thus about 45,000 three bud setts were required for

planting of one ha area. All the treatments (Table 1) were

applied while raising sugarcane and ratoon crops. The

recommended dose of NPK (150, 26, 50 kg/ha) for sug-

arcane plant crops and other bio-products was given in

different treatments as per the schedule. In the sugarcane

ratoon crop, a 25% higher dose of NPK (187.5 kg N,

32.5 kg P, and 62.5 kg K/ha) was applied. Sugarcane plant

crop was harvested on 16th December 2017, and another

ratoon crop was initiated. Sugarcane ratoon crop was har-

vested on 10th December 2018. Sugarcane early maturing

variety ‘CoPK 05,191’ recommended for the region was

grown in the experiment.
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Treatments

Eight treatments of various bio-products in different com-

binations were applied on sugarcane plant and ratoon crops

(Tables 1 and 2). These treatments were replicated three

times in randomized block design (RBD). The minimum

plot size (7.2 m 9 6 m) was kept in the experiment. Thus,

eight rows of sugarcane with 6-m length were taken in each

plot. The schedule of treatments applied is given in

Table 2. All the treatments were applied on the plant (first

crop) and ratoon crops. Thus, the effect of treatments on

soil properties and crop growth was recorded in the sug-

arcane (plant)-ratoon system.

Soil and Plant Studies

Soil sampling at 0–15 cm depth was done for determina-

tion of organic carbon (Walkley and Black method-Walk-

ley and Black 1934), available N (KMnO4 method),

available P (0.5 M NaHCO3, pH 8.5, extractable P), and

NH4OAc extractable K, following Jackson (1973). Sugar-

cane tillers were counted from April to September. Growth

and yield attributes were determined at the harvest. At the

time of harvesting the crop, five canes were selected for

determining juice quality parameters. (Brix, sucrose (%)

juice, and purity) in each plot. After crushing of cane in

Motor operated Crusher, sugarcane juice was extracted.

�Brix, sucrose, and juice purity were determined in the

laboratory through Auto Pol. Individual cane length,

diameter, and weight of these canes were also recorded.

Sugarcane yield was determined by harvesting net plots

(four sugarcane rows leaving one border row and one

sample row on each side). Commercial cane sugar was

calculated through a formula given by Meade and Chen

(1977). Sugar yield was calculated after multiplying CCS

(%) and sugarcane yield.

Juice purity %ð Þ ¼ Sucrose %ð Þ=�Brixf g=100
CCS %ð Þ ¼ S� 0:4 B� Sð Þf g � 0:73

CCS t=hað Þ ¼ CCS %ð Þ � cane yield t=hað Þf g=100

Polynomial equation fitted well in tiller population

achieved with the advancement of the growth phase and

depicted in Figs. 1 and 2. A regression equation was also

worked out through excel software. The data of various soil

and crop parameters in plant and ratoon crops were

statistically analyzed. Critical difference (CD) was

computed to determine statistically significant differences

among multiple treatments and draw a valid conclusion.

CD ¼ p
2VEr�1

� �
� t5%

where VE: Error variance; r is the number of replications

t5%: t value at error d.f. MSTAT software was used for

statistical analysis.

Results and Discussion

Soil Quality Parameters

Soil organic carbon (SOC) and available N, P, and K/ha

were recorded after harvesting sugarcane (plant) and ratoon

crops (Table 3). Initial soil organic carbon, available N, P,

and K recorded low soil organic carbon (12.5 Mg/ha), low

available N (279 kg/ha), medium available P (10.5 kg/ha),

and available K (277.9 kg/ha) contents. About 9.8%

improvement in SOC content was recorded with applying

bio-products viz., DHA, DIA, SF kit, bio NPK kit, and

Table 1 The details of KJA Kit/ SF kit (Sugar factory kit)

S No Components of sugar factory kit (SF kit/KJA kit) Other products

Name of product Code Pkg Name of product Code Pkg

1 Diamond TrichodermaViride DTV 500 g Dharamrut (DHA) DHA 20 kg

2 Gold Beaveria Bassiana GBB 500 g Platinum Comprehensive PCO 500 g

3 Platinum Pseudomonas florescens PPF 500 g Platinum Shakti Drip PSD 250 g

4 Platinum Paecilomyces lilcinus PPL 500 g Diamond DIA 250 g

5 Platinum Azotobacter PAZ 250 ml

6 Platinum Gluconacetobacter l PAC 250 ml

7 Platinum PSB PSB 250 ml

8 Platinum KSB KSB 250 ml

9 Silver Tricontanol TRI 250 ml

10 Micro Boost MIB 250 ml

All packaging sizes are per acre (0.40 ha) dosage rates except Dharamrut for which it is 60 kg per acre (150 kg/ha)
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recommended NPK in sugarcane plant crop over the con-

trol (12.18 mg/ha). Available N content in soil was also

improved by 8.4% with applying these bio-products and

100% NPK over the control (Table 3). Application of SF

kit and bio NPK kit with 100% NPK improved about

13.0% available N over the use of PCO and PSD (T1).

Available P content in the soil also increased with the

integration of bio-products with NPK. However, the

highest available P (11.56 kg/ha) was analyzed using

RDF ? DHA ? DIA ? SF kit and bio NPK kit (T4),

which resulted in a 31.7% increase over RDF alone.

Reduction in NPK and integration of similar bio-products

also increased the available P content @ 21.5% in the soil

after harvesting of sugarcane plant crop as compared to
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control. Integration of SF kit and bio NPK kit improved

20% higher available P content as compared to PCO ?

PSD. 1

Higher SOC using DHA, DIA, SF kit, and bio NPK kit

with RDF over recommended NPK alone was recorded due

to better crop growth and a higher rate of leaf fall and their

decomposition through bio-agents (Shukla et al.

2012, 2020). Available N also increased due to integrating

these bioagents/bio-product with chemical fertilizers.

However, the rate of change of SOC and available N was

higher in ratoon cane. It was due to the decomposition of

trash and improved rhizospheric environment due to bio-

products ? NPK as compared to NPK alone (Yadav et al.

2009a and b).

Soil quality parameters after harvesting sugarcane

ratoon crop indicated that mean SOC changed marginally

and available N content declined by 10.5 kg/ha. Available

P and K contents in soil increased to the tune of 0.4 kg/ha

and 27.6 kg/ha, respectively. Inclusion of DHA, DIA, SF

kit, and bio NPK kit with recommended NPK level

improved about 18.4% SOC in sugarcane ratoon crop

(13.37 Mg/ ha). However, a 40% reduction in NPK could

also improve SOC by 7.9% over the control (11.29 Mg/ha).

Inclusion of SF kit with recommended NPK improved SOC

content about 13.11% over the control. Other treatments

could not produce tangible differences in SOC content.

Applying bio-products (T4) also improved available N

content in soil by 20.78% (285.9 kg/ha) over the control.

Reduction in NPK (T5) also enhanced it by 15.5% over the

control (236.7 kg/ha). Application of SF kit and bio NPK

kit with RDF improved available N content in soil by

15.5% over the control. SF and bio NPK kits and NPK also

improved available P in soil significantly over the control.

Bioproducts also improved available K content in the soil

after harvesting ratoon crops over the control. Integration

of DHA, DIA, SF kit, and bio NPK kit with 100% RDF

improved 11.41% available K in the soil as compared to

control plot (289 kg/ha). However, reduction in NPK with

similar bio-products improved 15.6% available K after

harvesting of ratoon crop compared to control plot. Mean

available K content in soil (305.5 kg/ha) after harvesting

ratoon crop was recorded higher by 43.6 kg/ha than after

harvesting of plant crop. However, it was also higher in the

tune of 27.6 kg/ha as compared to the initial value of

available K.

Application of bioproducts increased availability of

fixed K and made available to crops and showed higher

exchangeable K after harvesting plant and ratoon crops.

Although after harvesting of plant crop about 25.8 kg K/ha

was decreased application of trash in sugarcane ratoon and

integration of bioproducts increased K availability at

higher rates (Yadav et al. 2009a; Shukla et al. 2008, 2012).

The mean available N after harvesting of sugarcane plant

crop was increased by 20 kg/ha as compared to the initial

level (279 kg/ha). The use of bioproducts released several

acids, phytohormones and growth-promoting substances.

These affect microbial populations and plant growth-pro-

moting bacteria. Inclusion of organic compounds released

unavailable nutrients available in the soil, and several

complex mixtures such as phytin, phospholipids, lignin,

cellulose, and hemicellulose were decomposed through the

integration of these bioproducts with chemical fertilizers,

resulting in increased nutrients availability (Alori et al.,

2017; Dong et al. 2012; Salim et al. 2015; Satyaprakash

et al. 2017).

Table 3 Soil pH, electrical conductivity and organic carbon contents in autumn planted crop at harvest (0–15 cm depth)

Treatments After plant crop After ratoon crop

SOC (Mg/

ha)

Available N

(kg/ha)

Available P

(kg/ha)

Available K

(kg/ha)

SOC (Mg/

ha)

Available N

(kg/ha)

Available P

(kg/ha)

Available K

(kg/ha)

T1 12.18 286.6 9.65 234.5 12.77 261.07 10.05 293

T2 12.58 299 9.93 241.8 13.07 261.07 11.69 330

T3 12.77 311.5 10.19 274.4 12.77 285.93 12.06 295

T4 13.37 324 11.56 281.4 13.37 285.93 12.36 322

T5 11.58 286.6 10.67 265.6 12.18 273.5 11.05 334

T6 12.77 311.5 10.62 277.8 11.88 273.5 11.03 311

T7 12.47 274.1 9.07 267.2 12.77 261.07 10.03 270

T8 12.18 299 8.78 252.1 11.29 236.74 9.13 289

SE m ± 0.25 4.82 0.17 4.52 0.31 5.23 0.12 9.42

CD

(p B 0.05)

0.74 14.52 0.52 13.9 0.89 15.45 0.37 27.4
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Tillering Pattern

Mean tiller population in sugarcane plant crop (Fig. 1)

increased up to June (356,300/ha). The mean tiller popu-

lation during April was counted as 199,400/ha. Since July,

the tiller population decreased, and the declining trend

continued until September (163,200/ha). Tiller population

in sugarcane increased at higher temperatures and low

humidity (summer season) and decreased when relative

humidity increased (rainy season). Various treatments

significantly influenced tiller emergence in sugarcane

crops. During the month of September, integration of

DHA, DIA, SF kit, and bio NPK kit along with a recom-

mended dose of fertilizers (RDF) increased 12.97% tiller

population in plant crop (174,220/ha). However, the

application of RDF along with these bioproducts could

increase 6.3% tiller population. Although from April to

August, tiller population showed increment due to various

bioproducts applied along with NPK. However, in the

month of September, due to mortality of tillers, it showed

improvement in the range of 5.1–12.97%. Inclusion of SF

and bio NPK kits with recommended NPK also showed a

5% increment in the tiller population over the recom-

mended NPK. Polynomial equation (Y = - 28.71

X2 ? 203.1 X ? 5.834 (R2 = 0.916) in sugarcane plant

crop at the RDF ? DHA, DIA, SF kit, and Bio NPK kit

showed the higher degree of positive correlation in tiller

population with the advancement of the crop growth per-

iod. However, the similar pattern was followed with the

control.

also (T8; Y = - 24.16 X2 ? 158.7 X ? 68.9;

R2 = 0.959). This showed that various bioproducts with

NPK almost maintained the tiller emergence pattern as

obtained in control. The gap between the two lines (Fig. 1:

T4 and T1) showed an increasing trend till August and

comparatively decreased in September after attaining a

peak in July.

The mean tiller population in the sugarcane ratoon crop

during the month of April (Fig. 2) was counted as 158,100/

ha, which could increase up to 259,200/ha in June and

further decline to the level of 183,400/ha in the month of

September. Integration of DHA, DIA, SF kit, and bio NPK

kit along with RDF improved 13.65% tiller population in

April (166,440/ha), which could be increased to the level of

42.8% in September (215,560/ha) over RDF alone.

Application of 60% RDF and these bioproducts also

improved 23.12% tiller population in sugarcane ratoon

over the control (158,890/ha). However, only the SF kit

with RDF increased 21.65% tiller population in September

compared to the RDF. This showed that various bio-

products with NPK improved tiller emergence significantly

in different proportions. Reduction in NPK through

chemical fertilizers and bio-product application was also

found beneficial over the control. Thus, maximization and

optimization in growth could be possible due to the inte-

gration of these bioproducts along with NPK fertilizers at

recommended and reduced levels.

Mean tiller population is sugarcane plant and ratoon

crops increased till June. It was due to high temperature

and low humidity (summer season). Tillering decreased

after attaining monsoon in sugarcane plant and ratoon

crops (Shukla 2007) because of higher temperature and

high humidity. Tiller mortality in sugarcane is a standard

feature. More than 40–60% of tillers die and do not possess

the ability to become millable canes (Verma et al. 1996;

Shukla 2007; Shukla et al. 2009b). However, in our

experiment, the tiller mortality was comparatively reduced

in ratoon crop compared to sugarcane plant crop. Autumn

planting received the maximum period for tillering in

subtropical India and produced a higher number of tillers.

Besides, the integration of bio-products with NPK also

produced vigorous tillers and resulted in lower tiller mor-

tality at a higher rate in ratoon crop as compared to plant

crop (Shukla et al. 2008, 2012).

Polynomial equation (Fig. 2) on tiller population in

sugarcane ratoon crop during the growth period fitted well.

Integration of bio-products viz., DHA, DIA, SF kit & bio

NPK kit along with recommended NPK showed an equa-

tion viz., Y = - 14.77 X2 ? 105.6 X ? 94.19

(R2 = 0.765). Polynomial equation for control plot

(Y = - 13.89 X2 ? 94.07 X ? 76.44; R2 = 0909) also

followed similar trend. The gaps between these two

regression lines could be increased with the increasing

period from April to September. This showed that the

effect of these bio-products with chemical fertilizers pro-

duced a consistent effect on the tiller population. It was

reflected that tiller mortality percentage could be reduced

with the application of these bioproducts, which was

mainly due to vigorous tillers. These vigorous tillers con-

tributed to a large number of millable canes having higher

individual cane length and weight. Thus, sugarcane ratoon

yield was affected to a greater extent due to the integration

of bioproducts with chemical fertilizers.

Growth and Yield Attributes, Sugar Yield in Plant

and Ratoon Crops

About 21.14% higher number of millable canes (135,200/

ha—Table 4) was counted with the application of 100%

recommended dose of fertilizer (RDF) ? dharamrut

(DHA) ? diamond (DIA) ? platinum comprehensive

(PCO) ? platinum shakti drip (PSD)- T1) than T2 (60%

RDF along with all these bio-products applied in T1).

Application of 100% RDF with DHA ? DIA ? sugar

factory kit (SF kit) and bio NPK kit (T4) improved 23.65%

number of millable canes as compared to RDF (T8).
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However, the application of 60% RDF (T5) with all these

bio-products as applied in T4 increased the number of

millable canes by 13.17% (104,800/ha) over the recom-

mended NPK (T8). However, a reduction in the dose of

chemical fertilizer reduced the number of millable canes

significantly (Table 4). Individual cane length increased

with the integration of bio-products with the inorganic

source of fertilizers. The highest individual cane length

(275.8 cm) was recorded with T4 (100% RDF ? DHA ?

DIA ? SF kit and bio NPK kit). Mean particular cane

length was improved by 25.14% over recommended NPK

(T8). Reduced NPK (60%) and application of these bio-

products also improved individual cane length significantly

(262.5 cm) over recommended NPK through chemical

fertilizers. The higher mean cane diameter (2.67 cm) was

recorded with 100% RDF ? DHA ? DIA ? SF kit ? bio

NPK kit. The improvement in individual cane length and

diameter affected particular cane weight. Thus, the highest

mean cane weight (1572 g) was recorded with T4 (100%

RDF ? DHA ? DIA ? SF kit and bio NPK kit). Various

treatments did not affect juice quality parameters (�brix,
sucrose in juice, and purity). Sugarcane yield was signifi-

cantly affected by different treatments. About 12.35%

increment in sugarcane yield (121.9 t/ha) was recorded

with the application of 100% RDF ? DHA ? DIA ?

PCO ? PSD (T1) over 60% NPK along with these bio-

products. However, 100% RDF ? DHA ? DIA ? SF

kit ? bio NPK kit improved sugarcane yield by 38.58%

(136.5 t/ha) over the control (RDF). Reduction in NPK by

40% (T5) with the application of these bio-agents also

produced higher yields (16.65%) than recommended NPK

(T8). Although, the application of bio-products along with

recommended NPK further improved sugarcane and sugar

yields significantly. Sugar yield also followed a similar

pattern with sugarcane yield. However, about a 30.4%

increment in commercial cane sugar (CCS) was recorded

due to the application of recommended NPK ? DHA ?

DIA ? SF kit ? bio NPK kit (T4) over recommended NPK

alone (T8).

The effect of bio-products was also recorded in the

sugarcane ratoon crop (Table 5). The highest number of

millable canes (161,300/ha) was recorded with T4 (100%

DHA ? DIA ? SF kit ? bio NPK kit). Application of SF

kit and bio NPK kit with recommended NPK also produced

about 19% higher number of millable canes (156,900/ha)

than recommended NPK alone (T8). Inclusion of DHA ?

DIA with bio NPK and SF kit and recommended NPK

through the inorganic source (T4) improved 22.38% num-

ber of millable canes than recommended NPK alone (T8-

131,800/ha). The highest cane length (269.4 ha) in the

ratoon crop was recorded with T4 with an improvement of

20.2% over recommended NPK (T8). Improvement in

individual cane diameter was also recorded through the

integration of bio-products with NPK. Integration of DHA,

DIA, SF, and bio NPK kits with recommended NPK (T4)

improved individual cane diameter by 13.6% over recom-

mended NPK (2.2 cm). Ratoon cane weight was the pro-

duct of individual cane length and diameter. Increased

length and diameter improved the mean individual cane

weight (1217.9 g) to the highest level with the application

of DHA, DIA, SF kit & bio NPK kit ? RDF for ratoon

crop. About 50.8% increment in individual cane weight

Table 4 Growth attributes in autumn planted sugarcane as influenced by various treatments

Treatments Number of millable canes (000/

ha)

Cane

length

(cm)

Cane

girth

(cm)

Cane

weight

(g)

�Brix Sucrose (%)

juice

Juice purity

(%)

Cane

yield

(t/ha)

CCS

(t/ha)

T1 135.2 252.3 2.47 1470 19.05 16.32 85.69 121.9 14.43

T2 111.6 241.6 2.53 1188 19.43 16.69 85.89 108.5 13.13

T3 104.8 236.5 2.67 1218 19.17 16.41 85.60 104.2 12.40

T4 114.5 275.8 2.50 1572 18.96 16.04 84.59 136.5 15.87

T5 104.8 262.5 2.47 1353 18.78 15.94 84.90 114.9 13.27

T6 125.0 247.8 2.53 1477 19.13 16.40 85.72 118.5 14.09

T7 99.5 234.6 2.48 1379 18.58 15.56 83.73 112.5 12.68

T8 92.6 220.4 2.37 1152 19.82 17.04 85.99 98.5 12.17

SE m ± 1.64 4.26 0.006 23.45 0.26 0.30 0.56 3.65 0.42

CD

(p B 0.05)

4.87 12.45 0.15 65.87 0.77 NS NS 10.50 1.35

T1: 100% RDF ? DHA ? DIA ? PCO ? PSD; T2: 60% RDF ? DHA ? DIA ? PCO ? PSD T3: 60% RDF ? DHA ? DIA ? PCO ? PSD T4:
100% RDF ? DHA ? DIA ? SF KIT ? BIO NPK KIT T5: 60% RDF ? DHA ? DIA ? SF KIT ? Bio NPK KIT T6: 100% RDF ? SF KIT ?

BIO NPK KIT T7: 100% RDF ? SF KIT T8: 100% RDF(150, 60, 60 kg N, P2O5, K2O/ha)
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was recorded through these bio-products along with rec-

ommended NPK over the RDF alone (807.5 g). However, a

40% reduction in RDF and application of these bio-prod-

ucts improved 31.4% higher individual cane weight.

Inclusion of SF kit and bio NPK kit with RDF also

increased about 15.97% higher cane weight than the

application of DHA, DIA, PCO and PSD with NPK. Juice

quality parameters of ratoon cane were not significantly

affected by different treatments. The highest sugarcane

ratoon yield (134t/ha) was recorded with the integration of

DHA, DIA, SF kit, and Bio NPK kit along with NPK

supplied through inorganic sources (T4). Thus about 30.1%

increment in sugarcane ratoon yield was registered with T4
over the control (RDF-103 t/ha). However, a 40% reduc-

tion in NPK also improved ratoon cane yield by 19% over

the control. Inclusion of DHA, DIA, PCO, and PSD with

NPK also improved about 22.2% sugarcane ratoon yield

(125.9 t/ha) over the control (T8). Sugar yield was the

product of sugarcane ratoon yield and sucrose (%) juice.

Sugar yield also showed a similar pattern as ratoon cane

yield because of the insignificant effect of treatments on

juice quality parameters. The highest sugar yield (15.95 t/

ha) to the tune of 26.4% was recorded with T4 (100%

NPK ? DHA ? DIA ? SF kit ? bio NPK kit) as com-

pared to RDF alone. Reduction in doses of NPK by 40%

also increased about 8.5% sugar yield over the control

(12.62 t/ha) in the ratoon crop.

Integration of bio-products with recommended NPK

increased the millable canes, individual cane length, and

cane diameter significantly over NPK supplied through

chemical fertilizers alone (Shukla et al. 2008). Increased

length and diameter positively affected cane weight. The

higher number of tillers contributed to a higher number of

millable canes (Shukla et al. 2009b). The yield of sugar-

cane plant and ratoon crops increased due to the higher

number of millable canes and individual cane weight. The

highest cane yield was achieved due to the integration of

DHA, DIA, SF kit, and bio NPK kit with recommended

NPK in sugarcane plant and ratoon crops. Bioproducts

increased the availability of NPK and promoted crop

growth attributes which resulted in higher cane yield

(Shukla et al. 2012, 2017, 2019). Sugar yield in plant and

ratoon crops increased due to higher tonnage obtained with

the integration of bioproducts. Although, reduction in NPK

showed higher cane yield than RDF alone supplied through

chemical fertilizers. However, at 100%, the NPK response

of bioproducts increased, and significantly higher sugar-

cane and sugar yields could be obtained. Several

researchers reported a positive response of microbial con-

sortia on sugarcane and sugar yields (Yadav et al. 2009a

and b; Shukla et al. 2019; Shukla et al. 2020).

Conclusion

After 2 years of experimentation on sugarcane plants and

ratoon crops in a sequential cropping system following

conclusions could be drawn.

1. Integrated use of DHA, DIA, SF kit, and bio NPK kit

along with 100% RDF improved sugarcane yield by

38.58% and 30.0% in sugarcane (plant) and ratoon

crops, respectively, over the control (RDF). Such

Table 5 Growth attributes and sugar yield of sugarcane ratoon crop

Treatments Millable

canes

(000/ha)

Cane length

(cm)

Cane

girth

(cm)

Cane

weight

(g)

�Brix Sucrose (%)

juice

Juice purity

(%)

Cane yield (t/

ha)

CCS

(t/ha)

T1 153.3 255.8 2.5 1009.4 19.50 16.22 83.18 125.9 14.77

T2 139.8 256.2 2.4 945.9 19.82 16.96 85.57 109.0 13.40

T3 126.7 246.5 2.6 1036.6 19.24 16.27 84.56 113.3 13.36

T4 161.3 269.4 2.5 1217.9 19.55 16.42 83.99 134.0 15.95

T5 148.5 257.9 2.3 1061.3 19.42 16.82 86.61 122.6 14.96

T6 156.9 237.0 2.2 870.4 19.63 16.62 84.67 112.6 13.56

T7 149.2 227.6 2.1 842.9 19.40 16.59 85.52 106.8 12.85

T8 131.8 224.2 2.2 807.5 19.02 16.88 88.75 103.0 12.62

SE m ± 1.95 3.52 0.05 16.52 0.42 0.04 1.20 2.62 0.21

CD

(p B 0.05)

5.92 10.25 0.15 48.56 NS NS NS 7.89 0.62

T1: 100% RDF ? DHA ? DIA ? PCO ? PSD; T2: 60% RDF ? DHA ? DIA ? PCO ? PSD T3: 60% RDF ? DHA ? DIA ? PCO ? PSD T4:
100% RDF ? DHA ? DIA ? SF KIT ? BIO NPK KIT T5: 60% RDF ? DHA ? DIA ? SF KIT ? Bio NPK KIT T6: 100% RDF ? SF KIT ?

BIO NPK KIT T7: 100% RDF ? SF KIT T8: 100% RDF(150, 60, 60 kg N, P2O5, K2O/ha)
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improvements in sugarcane yield also resulted in sugar

yield improvement by 30.4% and 26.4% in both the

crops, respectively, over the recommended NPK

through chemical fertilizers alone.

2. Integrated use of these bio-products with 60% RDF

(NPK) also resulted in an improvement of 16.65% and

19.0% cane yield in plant and ratoon crops, respec-

tively, over the 100% RDF. Such improvement in yield

could contribute to additional sugar production by 9%

and 18.5% in sugarcane plant and ratoon crops,

respectively.

3. Bio-products viz., DHA, DIA, SF kit, bio NPK kit, and

recommended NPK in sugarcane plant crop improved

about 9.8% SOC over the control (12.18 mg/ha).

4. Thus integration of bio-products with NPK fertilizers

holds great promise for harnessing sustainable yield

increases in the sugarcane-based system.
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