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ABSTRACT

Sugarcane is one of the major important sugar yielding crops in Bangladesh. As an exhaustive crop, sugarcane
removes a huge amount of plant nutrients from the soil. However, the combined use of organic and inorganic
fertilizers can be a good approach to deal with nutrient depletion and promote sustainable crop production as
well as improve soil health. Therefore, an attempt was made to identify the most fruitful and profitable integrated
nutrient management on the aspects of growth, yield and quality of sugarcane in two consecutive growing sea-
sons. Seven treatments: T, = Control, T,=165:55:120:30:10:2.5:4 kg N:P:K:S:Mg:Zn:B ha™', T5 = Poultry Litter
(PL) at 5 t ha ' +95:51:87:9:10:2.5:4 kg N:P:K:S:Mg:Zn:B ha™!, T, = Cow Dung (CD) at 15 t ha '+
36:52:60:17:10:2.5:4 kg N:P:K:S:Mg:Zn:B ha™!, Ts=Press Mud (PM) at 15 t ha™" + 10:50:43:0:10:2.5:4 kg N:P:K:
S:Mg:Zn:B ha™', T¢ = Mustard Oil Cake (MOC) at 0.5 t ha™" + 140:54:115:25:10:2.5:4 kg N:P:K:S:Mg:Zn:B ha™'
and T,=GM (Green Manure) at 5 t ha™' +140:53:100:28:10:2.5:4 kg N:P:K:S:Mg:Zn:B ha™! were used in this
experiment. Two years data showed that treatment T3 produced the maximum amount of tillers, total dry matter
yield, millable sugarcane, cane yield and sugar yield, followed by the T, treatment. The highest stalk heights were
recorded in the T treatment, which was statistically similar to all other treatments except T, and T,. The juice
quality parameters viz., brix and pol in cane were found significant in treatment T3 while the highest purity was
obtained in the T, treatment. All the data of Jaggery (goor) quality parameters, the highest sucrose content, color
transmittance, Jaggery (goor) recovery and the lowest ash content of Jaggery (goor) were observed in the T treat-
ment, which was statistically similar to the T, treatment in both seasons. The highest cost of production was
obtained from the Ty treatment while the highest gross return, net return and BCR were recorded in the Tj treat-
ment. No significant changes were found in one cycle of sugarcane in initial and post-harvest soil characteristics
viz., pH, organic carbon, total N, and available P, K and S contents due to integrated use of different fertilizer
packages. From the experimental findings, it was concluded that treatment T; followed by T, treatment would
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be the better productive and profitable integrated nutrient management technology for ensuring higher yields and
quality of sugarcane without soil fertility degradation in the High Ganges River Floodplain soils.
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1 Introduction

Sugarcane is one of the most important sugar and Jaggery (goor) producing crop in Bangladesh.
It provides a rich source of sucrose, alcohol and organic matter waste which is utilized as fertilizer.
Around 70% of the total world’s sugar is produced from sugarcane [1]. In Bangladesh, on an average,
4.5 million metric tons of sugarcane are produced annually from 0.11 million hectares of land. Every
year, it occupies an average of 1.39% of the country’s total cultivable land [2]. Presently average cane
yield in Bangladesh is around 50.0 t ha™', which is quite low in comparison with many other sugarcane-
growing countries. The crop is grown mainly under rain-fed upland conditions. Most soils in this country
are low in organic matter (OM) generally containing less than 1.5% while 2.5-3.0% OM is necessary for
a sustainable crop production [3]. An 85 ton cane crop absorbs 122 kg N, 24 kg P, 142 kg K and 48 kg S
per hectare from soil [4]. Due to the heavy depletion of soil nutrients, sugarcane soils become less fertile
and fail to produce higher yields. Henceforth, nutrient replenishment through the addition of organic
manures and inorganic fertilizers in the soil is indispensable for achieving higher cane yields. The use of
chemical fertilizers does not necessarily lead to better farming than the use of organic fertilizers in
agriculture. Due to the continuous application of only chemical fertilizers and plant protection chemicals
in agriculture, soils have been badly degraded. It has destroyed the stable traditional ecosystem of the soil
[5]. There is a need to encourage a more productive, cost-efficient and eco-friendly farming system [6].
The concept of integrated soil and nutrient management implies practices such as appropriate crop
rotations, cover crops, use of manure, crop residues and fertilizers, conservation and no-tillage, moisture
management, etc. [7]. The integrated nutrient management (INM) approach improves and sustains soil
fertility and provides a sound basis for crop production systems to meet the changing needs through
optimization of the benefits from all possible sources of plant nutrients in an integrated manner [8].

Plant nutrients are very essential for crop growth and development. They must be applied at the
required quantity, right time and the right place to improve growth and yield of crops [9]. The use of
organic fertilizer has been the need for improving the sustainable productivity of soil. Dutta et al. [10]
stated that the use of organic fertilizers together with chemical fertilizers, compared to the addition of
organic fertilizers alone, had a higher positive effect on microbial biomass and hence soil health. The
application of organic fertilizers in combination with chemical fertilizers has been reported to increase
absorption of N, P and K in sugarcane leaf tissues in plant and ratoon crop, as compared to chemical
fertilizers alone [11]. The application of OM from such resources as animal manure, crop residues and
green manuring has been shown to replenish soil organic C and improve soil fertility [12]. The objectives
of this study were: (1) to study the effect of organic and chemical fertilizers with their combinations on
growth, yield and yield attributes of sugarcane, (2) to observe the influence of organic and chemical
fertilizers on the nutrient status of the initial and post-harvest soils, and (3) to find out the economics of
different nutrient management practices.
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2 Materials and Methods

2.1 Experimental Site

The field experiment was carried out at the research field of Bangladesh Sugar crop Research
Institute (BSRI), Ishwardi, Pabna, Bangladesh. The station is situated between 24°06'56.6"N latitude and
89°05'17.0"E longitude, and situated about 15.5 m a.s.l.. The temperature was moderately high from
April to September and moderately low with scant rainfall from October to March. The mean temperature
ranges from 13.02 to 27.20°C (Tab. S1). The rainfall was heavy from April to September, and moderately
low from October to March (Tab. S2). The total rainfall occurred within eight months with mean monthly
values in the range of 1.13-12.93 mm. The average sunshine hour at the experimental site varied from
0.16 to 5.11 h (Tab. S3). The site of the experiment belongs to the Sara soil series under the High Ganges
River Flood Plain Tract belonging to Agro-Ecological Zone 11 (AEZ 11). The size of the unit plots were
8 m x 6 m. The polybag seedlings were planting maintaining a row spacing of 1 m, and a plant to plant
distance of 0.45 m of sugarcane. The soil of the experimental site was calcareous alluvial soil with low
organic carbon (0.72%). The soil type of the site was silty loam. The experimental field was a medium
high land soil with well internal drainage conditions.

2.2 Experimental Materials

The sugarcane variety ‘Isd 39’ is largely cultivated by farmers of Bangladesh and responds very well to
organic sources of nutrients. This variety was selected in addition to the recently released high sugar
concentration. As a high tillering variety, it is tolerant to water logging, flood and drought situations and
is the most ideal for sugar production and Jaggery (goor) making.

2.3 Treatments and Experimental Design
The experiment comprising of the combinations with seven treatments was used in this study. The field
experiment was laid out in Randomized Complete Block Design (RCBD) with three replications (Tab. 1).

Table 1: Treatment details included in the experiment

Treatment abbreviation Treatment description*®

T, Control

T, 165:55:120:30:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha

T; PL at 5 t/ha + 95:51:87:9:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha

Ty CD at 15 t/ha + 36:52:60:17:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha

Ts PM at 15 t/ha + 10:50:43:0:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha

Te MOC at 0.5 t/ha + 140:54:115:25:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha
T, GM at 5 t/ha + 140:53:100:28:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha

Notes: ¥*PL—Poultry litter (moisture—22%, pH-7.1, organic carbon—29.2%, N-1.69%, P—0.08%, K—0.8%, S—0.51%); CD—Cow dung (moisture—33%,
pH-8.2, organic carbon—17.0%, N—1.17%, P—0.03%, K—0.55%, S—0.12%); PM—Press Mud (moisture—51%, pH-7.27, organic carbon—12%, N—1.3%,
P-0.04%, K-0.64%, S—0.32%); MOC—Mustard Oil Cake (moisture—3%, pH—7.21, organic carbon—30.6%, N-5.1%, P—0.05%, K—1.0%, S—0.88%);
GM-Green manure (moisture—81%, organic carbon—41.3%, N-2.5%, P-0.16%, K-1.9%, S-0.14%). In addition varying amounts of inorganic
fertilizers as shown was included in the different treatments.

2.4 Experimental Procedures

The experimental plot was set as per treatments and design. The settlings of the polybag were planted
following a spaced transplanting (STP) method. The raised polybag seedlings were transplanted in trenches
at 45 cm distance. The rates of chemical fertilizers for the different treatments were calculated based on the
recommended fertilizer doses (RFD) for high yield goals (HYG) and an integrated plant nutrition system
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(IPNS). It was based on the composition of each organic waste material and its major nutrient concentrations.
Chemical fertilizers were used at the rates of 165 kg N, 55 kg P, 120 kg K, 30 kg S, 10 kg Mg, 2.5 kg Zn and
4 kg B ha ' in the form of urea, TSP, MoP, gypsum, magnesium sulfate, zinc sulfate and borax, respectively,
as the recommended doses for sugarcane. Poultry litter (PL), Cow dung (CD), press mud (PM), mustard oil
cake (MOC) and green manure (Dhaincha) were applied as per treatments. All the sources of organics and a
full dose of P, S, Mg, Zn and B fertilizers were applied in trenches and mixed with soil prior to transplanting
of the seedlings. The basal dose of N fertilizer (1/3rd) was applied as side-dressing at 30 days after
transplanting (DAT). The remaining amounts of N and K fertilizers were applied as top dressing in two
equal splits at 120 and 180 DAT. In the case of green manuring treatments, dhaincha seeds were sown in
between two rows of sugarcane at a rate of 25 kg ha ' in April.

After 45 days, dhaincha was cut into small pieces and mixed into the soil. Irrigation was applied in
trenches just after transplanting of the seedlings in the plots under STP method to ensure quick and
maximum establishment. Supplementary irrigation was also applied after 15, 60, 90 and 120 DAT, when
the moisture reached to 60% depletion of the field capacity. The soil in trenches was loosened twice at
30 and 60 days after transplanting to prevent the seedlings from suffering from soil compaction. All the
plots were kept weed-free up to 140 DAT, as the period is considered to be the critical period for crop-
weed competition at any sugarcane field. The cultural, mechanical and chemical control measures were
done for insect pests and disease management as and when required. Earthing-up was done three times
on 120, 150 and 180 DAT. This operation converted the ridges into furrows and the furrows into ridges.
Tying was done at two times, first in July and then in September to keep the clump straight, protecting
the cane stalks from lodging against the possibility of strong wind. The dried leaves were removed
from the plants, and the green leaves on plants were tied together by taking all the canes in one bundle.
Cross tying was done by binding two clumps of adjacent rows together. The crop was harvested
manually at its physiological maturity stage.

2.5 Data Collection
2.5.1 Agronomic Observations

Tiller Population
The number of tiller populations was estimated at 120, 150, 180 and 210 DAT by counting the total
number of shoots from each plot expressed as thousand per hectare.

The Number of Millable Canes
The number of millable sugarcane stalks was recorded at the time of harvest. Well matured canes fit for
milling were counted from net plot area, and expressed as thousands per hectare.

Plant Height

Twenty randomly selected sugarcane stalks from each plot were tagged. Shoot length between the soil
surface and growing point of the shoot was measured at the harvesting time, and the values were expressed as
meters (m).

Cane Stalk Height

Cane stalk height was measured from 20 randomly selected cane stalks of each plot at the harvesting
time. Stalks were cut at the ground level and the top was removed at the sixth leaf joint from the spindle
leaf to measure the actual height, and the values were expressed as meters (m).
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Cane Stalk Diameter

Cane stalk diameter was determined at the time of harvesting from the same 20 randomly selected cane
stalks of each plot. The mean value of top, middle and bottom diameters was considered as the actual
diameter of the cane stalk, and the value was expressed as millimeter (mm).

Number of Internodes per Stalk
Total number of internodes of a stalk was determined by counting from the 20 randomly selected stalks
and thereafter, their average was taken.

Unit Stalk Weight
The weight of a single millable sugarcane stalk was calculated by the ratio of cane yield to the number of
millable sugarcanes per unit area.

Cane Yield

The yield of sugarcane stalks was determined and recorded at harvesting time from the whole area of
each plot. The weight of clean cane stalks was taken for yield data. The yield data of sugarcane stalk was
expressed in ton per hectare (t ha™').

2.5.2 Physiological Observations

Dry Matter Production (DM)

Dry matter production was estimated from a sample of five canes selected at random from the net plot
area at 240 DAT following a destructive harvesting. The collected samples (including the leaf, sheath and
stalk) were cut into small pieces and oven-dried at 80°C for 7 days up to constant weight. Total dry
weights of leaf, sheath and stem were computed to a hectare basis based on the total plant population per
hectare at the time of the respective growth stages to obtain the production of dry matter (kg ha ).

Leaf Area Index (LAI)

Leaf area was measured by the leaf product method i.e., maximum length x maximum width x K where
Kisequal to 0.75. Leaf area of five cane samples was selected from the net plot area at 240 DAT computed on
a hectare basis on the plant population at the respective growth stages. The values of leaf area index were
calculated by the ratio of leaf area to land area.

SPAD Chlorophyll Reading

A SPAD chlorophyll meter was utilized for taking chlorophyll readings at various stages of crop growth,
which were directly correlated to the overall crop condition. The 27437 and 4™ leaves were selected
randomly in the net plot for this purpose. The lower, middle and upper leaf surface within the leaf were
selected for recording the chlorophyll readings.

Nutrient Concentrations of Sugarcane Leaves

Total-N concentration of the plant samples was determined by the semi-micro Kjeldahl method [13].
The concentration of P in the plant extract was determined colorimetrically by developing blue color with
the stannous chloride (SnCl,-2H,0) reduction of phosphomolybdate blue color complex. It was
measured using a UV-VIS spectrophotometer (Model: Jasco V-630, Germany) at 660 nm wavelength
[14]. The potassium concentration of the plant extracts was determined with the help of a flame
photometer (Model: Jenway PFP7, UK) using 768 nm wavelength [15]. The sulphur concentration was
determined turbidimetrically from the plant extracts with the help of a UV-VIS spectrophotometer
(Model: Jasco V-630, Germany) using barium chloride (BaCl, - 2H,0) as a turbidimetric agent [13].
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2.5.3 Nutrient Concentrations of Soil and the Organic Source

The soil water suspension, maintained at a 1:2.5 ratio, was prepared for determination of soil pH using
pH meter [16]. Soil organic carbon concentration was determined by the wet oxidation method. The organic
matter concentration was calculated by multiplying organic carbon (%) with the van Bemmelen factor
1.724 [15]. The total N concentration of the soil was determined by the micro-Kjeldhal method [17]. The
soil sample was extracted with 0.05 M NaHCOj; at pH=38.5, and available P concentration in the soil
extract was determined by the spectrophotometric method [18]. The soil sample was extracted with 1 N
NH4OAc at pH=7.0, and exchangeable K concentration in the soil extracts was analysed by the flame
photometric method [15]. The soil sample was also extracted with 0.15% CaCl,, and the available S
concentration in the soil extracts was determined by the turbidimetric method [13].

2.5.4 Economic Analysis

Total production cost was calculated as the sum of all variable costs. The variable costs were used in the
analysis including the costs of land preparation, prices of all variable inputs including seed cane, fertilizers,
pesticides, irrigation, etc. and labor costs at the current rates. These costs were considered based on the
information provided by local farmers and local market prices of Ishwardi, Pabna. Gross return, gross
margin and benefit-cost ratio (BCR) were calculated to determine the economic suitability of the
experimental treatments. For calculating gross return, gross margin and BCR, the market price of cane at
the time of harvesting was considered. Prices of inputs and outputs were determined in Bangladeshi Taka
(BDT) based on prices in the local (Ishwardi, Pabna) market in 2019. For better comparisons, all the
economics data (cost of production, gross return and net returns) were converted from BDT to US$ using
an exchange rate (BDT/US$) of 1US$ = 84.8 BDT (according to the currency conversion rate on
12 December 2019). Gross margin was calculated as the difference between gross return and total
variable cost for each treatment. Net return was calculated as the difference between the gross return and
the total cost for each treatment. The BCR for each treatment was calculated from the gross return
divided by the total cost.

2.6 Statistical Analysis

The experimental data were statistically analyzed by ANOVA using “Statistix 10” computer-based
software to assess the differences between treatments. The means were separated using the least
significant difference (LSD) at the 5% level of significance (p <0.05) [19].

3 Results

3.1 Effects of INM on Physiological Characteristics of Sugarcane
3.1.1 Chlorophyll

The treatment T3 produced significantly the highest amount of chlorophyll (40.46 SPAD unit) in 2013—
14, while the corresponding highest value of 41.12 SPAD unit was recorded in treatment T; in the 2014—
15 cropping season (Tab. 2). The lowest values of chlorophyll (33.46 and 37.52 SPAD units) were
recorded in the control treatment (T;) in the 2013—14 and 2014—15 cropping seasons.

3.1.2 Leaf Area Index (LAI)

In both seasons, the leaf area index of sugarcane at 240 DAT varied significantly due to different
integrated fertilizer management treatments in both years. It ranged from 4.28 to 7.57 in 2013-14 and
4.46 to 7.40 in 2014—15 (Tab. 2). The highest leaf area index (7.57 and 7.40) of sugarcane was obtained
on treatment T4 while treatment T; showed the lowest leaf area index value (4.28 and 4.46) in both years.
Treatment T, gave the highest leaf area index (7.57) followed by the T; treatment (6.98) in 2013—14, and
7.40 in the 2014—15 cropping season.
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Table 2: Effects of integrated nutrient management on physiological parameters of sugarcane
Cropping seasons
Treatments 2013-14 2014-15
Chlorophyll ~ LAI Dry Matter Chlorophyll ~ LAI Dry Matter
(SPAD unit) (kg m?) (SPAD unit) (kg m™?)
T{ 33.46+2.1b 4.28+0.1f 2.59+0.1d 37.52+1.0b 446+02e¢ 2.54=+0.1c
T, 33.77+£2.1b 5.09+02e¢ 3.12£02c¢ 39.05+04ab 5.18+02d 2.61+£0.1c
T; 4046+15a 698+0.1ab 3.81+0.1a 41.12+1.8a 6.35+04b 3.49+0.1a
Ty 3845+1.5ab 7.57+05a 3.63+0.1ab 40.82+09ab 7.40+03a 3.29+0.1 ab
Ts 3498+1.8ab 551+02de 3.03£0.1c 3943+1.8ab 548+0.1cd 3.08+0.1Db
Ts 3759+ 1.4 ab 6.38+0.3bc 3.42+02abc 3998+1.6ab 5.69+02c¢ 3.25+0.1ab
T, 36.83+22ab 591+03cd 3.28+02bc 39.60+2.7ab 556+0.1 cd 3.18+0.1 ab

Notes: *T;—Control; T,—165:55:120:30:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha; Ts—PL at 5 t/ha + 95:51:87:9:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha; T,~CD at
15 t/ha + 36:52:60:17:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha; Ts—PM at 15 t/ha + 10:50:43:0:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha; T¢~MOC at 0.5 t/ha +
140:54:115:25:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha; T,—~GM at 5 t/ha + 140:53:100:28:10:2.5:4 kg N:P:K:S:Mg:Zn:B/ha; LAI-Leaf area index.
Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance by DMRT.

3.1.3 Total dry Matter (TDM)

The maximum dry matter yield was recorded in T3 with 3.81 kg m 2 in 2013—14, and 3.49 kg m 2 in
2014-15 (Tab. 2). The lowest dry matter yields (2.59 and 2.54 kg m %) were obtained in treatment T; in
2013-14 and 201415, respectively.

3.2 Effects of INM on Growth Rate of Sugarcane
3.2.1 Growth Rate at 30 Days after Stem Formation

Growth rate varied from 1.48 to 1.66 cm d ™' in 2013-14, and 1.77 to 2.08 cm d ! in the 2014—
15 cropping season (Tab. 3). In both years, the maximum growth rates, 1.66 cm d™' and 1.72 cm d ™',
respectively, were found in treatment T¢. The lowest growth rates were recorded on T1 in those days
after stem formation in both seasons.

Table 3: Effects of integrated nutrient management on the growth rate of sugarcane at different days (i.e., 30,
60 and 90) after stem formation (DASF)

Growth rate at DASF (cm dfl)

Treatments 2013-14 2014-15
30 60 90 30 60 90

T} 1.48+0.3d 1.77+£0.1 ¢ 1.56£0.1b 1.34+0.1¢ 1.61£02d 142+0.1¢
T, 1.61£0.1¢ 1.92+£02d 161+0.1b 147+0.1d 1.69+0.1c¢ 1.44+0.1c¢
Ts 1.65+£0.1ab 2.08+0.1a 1.74+0.1a 1.68+0.1ab 1.84+0.1a 159+0.1a
T4 1.64+0.1ab 2.01+£0.1b 1.74£0.1a 1.66+x02b 1.83+0.1a 1.51+£0.1b
Ts 1.61£0.2 ¢ 1.94+0.1d 1.70+£0.1a 1.58+0.1c¢ 1.77£0.1b  149+02b
Ts 1.66+0.1a 2.00£0.1bc 1.72+0.1a 1.72+0.1a 1.81+£0.1ab 1.51+£0.1b
T, 1.63+£02bc 1.95+0.1cd 1.75£0.1a 1.63+0.1bc 1.77£0.1b 1.61£0.1a

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.
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3.2.2 Growth Rate at 60 Days after Stem Formation

In the 2013-14 cropping year, the highest growth rate (2.08 cm d™') was noticed in the Ty treatment
(Tab. 3). At the same time, treatment T; showed the lowest growth rate (1.48 cm d'). The maximum
growth rate (1.84 cm d™') was recorded in treatment T; over the rest of the treatments in the 2014—
15 cropping season, and the T, treatment noticed the lowest growth rate (1.61 cm d') of sugarcane.

3.2.3 Growth Rate at 90 Days after Stem Formation

In the cropping year 2013—-14, it was found that the treatment T recorded the highest growth rate (1.75
cm d'); the lowest growth rates (1.56 cm d ') were observed on treatment T, (Tab. 3). During the 2014—
15 cropping season, the highest significant growth rate (1.61 cm d') was found in T, among all the
treatments. At the same time, treatment T, produced the lowest growth rate (1.42 cm d ™).

3.3 Effects of INM on Tiller Populations of Sugarcane
3.3.1 Tiller Population at 120 Days after Transplanting

In the 2013-14 cropping year, the number of sugarcane tillers at 120 days after transplanting (DAT)
varied from 102.4 x 10* to 167.6 x 10° per hectare (Tab. 4). Treatment T produced the highest number of
tillers (167.6 x 10> ha™"), and the lowest value of tillers (102.4 x 10° ha ') was recorded in the control
treatment T. Similarly, the tiller number ranged from 132.6 x 10° to 219.2 x 10° per hectare in the 2014—
15 cropping season. The highest value of tiller number (219.2 x 10* ha™") was recorded in treatments T
followed by treatments T; and T4, and the lowest number of tillers was noted in T; (control) treatment.

Table 4: Effects of integrated nutrient management on tiller populations of sugarcane

Number of tillers at different DAT (x10° ha ")

Treatments 2013-14 2014-15

120 DAT 150 DAT 180 DAT 210 DAT 120 DAT 150 DAT 180 DAT 210 DAT
TS 1024+114e 151.4+10.1d 136.3+8.7d 96.4+9.5d 132.6+8.1 ¢ 156.1+13.4¢ 1248+74c 946+76¢
T, 109.8+10.5de 163.4+9.9 cd 147.54+8.9 cd 107.5+6.8cd 1729+14.7bc 184.6+143 bc 152.6+13.0bc 119.5+10.4 be
Ts 157.0+£10.2ab 1972+104ab 1929+102a 145.1+6.3 a 188.5+6.6 ab 205.5+33ab 192.0+4.7a 1574 +9.0 a
Ty 146.5+10.2 abc 190.3+10.5abc 181.5+9.6ab 138.5+7.5ab 184.6+99ab 200.1+13.1ab 177.6+14.5ab 147.5+12.7 ab
Ts 121.5£9.0 cde  171.1£10.5bcd 157.2+£10.2bcd 116.5+7.5bcd 172.3+£23.5bc 182.8+142bc 157.5+11.5bc 131.4+83 ab
T 167.6+£9.2 a 211.8+133 a 172.5+12.6 abc 128.5+6.6 abc 219.2+84a  2254+125a 168.1+13.3ab 140.9+14.0 ab
T, 134.1+£10.2bcd 181.5+£9.9 be 164.75+8.6 bc 122.3+42bc 178.1+82b  193.1+45abc 164.8+54ab 133.9+9.0 ab

Note: *Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.

3.3.2 Tiller Population at 150 Days after Transplanting

The sugarcane tiller numbers varied from 151.4 x 10° to 211.8 x 10° per hectare in the 2013—
14 cropping season, and 156.1 x 10° to 225.40 x 10° per hectare in the 2014—15 cropping season (Tab. 4).
In the 2013—14 cropping season, the highest number of tillers (211.8 x 10° ha™') was obtained in the T
treatment which was statistically non-significant to the T; and T, treatments with values of 197.2 x 10°
and 190.3 x 10 ha !, respectively. The lowest number of tillers (151.4 x 10* ha ') were produced by the
T, (control) treatment which was statistically similar to the T, treatment. The treatment T noted the
highest number of tillers with a value of 225.4 x 10 ha ! which was statistically similar to the T3, T4 and
T treatments. The lowest number of tillers was recorded in the control treatment T,

3.3.3 Tiller Population at 180 Days after Transplanting
The highest number of the tiller population (192.9 x 10° ha ') was significantly obtained in treatment T5
at 180 DAT in the 2013—14 cropping season (Tab. 4). Treatment T; (control) was significantly produced the
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lowest number of the tiller population (136.3 x 10%) per hectare. In the 2014—15 cropping year, the number of
the tiller population varied from 124.8 x 10% to 192.0 x 10° per hectare at 180 DAT. The treatments T3, Ty4, T
and T, with values of 192.0 x 10°, 177.6 x 10%, 168.1 x 10° and 164.8 x 10° ha ', respectively, exerted
statistically a similar effect on the number of tillers. The treatment T, (control) gave the lowest number of
the tiller population (124.8 x 10° ha') which was statistically similar to the T, treatment.

3.3.4 Tiller Population at 210 Days after Transplanting

In the 2013—14 cropping season, a variation of sugarcane tillers from 96.4 x 10° to 145.1 x 10° was
found at 210 DAT due to different treatments (Tab. 4). Treatment T; produced the highest number of
tillers (145.1 x 10°) which was statistically similar to that of T4 (138.5x 10°) and T¢ (128.5 x 10°) but
superior to all other treatments. The control treatment T; recorded the lowest value of the sugarcane tiller
population (96.4 x 10°> ha™'). At 210 DAT, the highest number of tillers (157.4 x 10°> ha ') was noted in
treatment Tz, and it was statistically similar to all other treatments except T; and T, in the 2014—
15 cropping year. The lower number of tillers (119.5 x 10° ha™"), produced by the treatment T,, compared
to all other treatments The lowest value (119.5 x 10* ha') was recorded in treatment T; (control).

3.4 Internode Length

The internode length of sugarcane was significantly influenced by the different treatments at the
harvesting stage, and ranged from 14.3 to 17.2 cm in the 2013—-14 cropping season (Tab. 5). The
treatment T, produced the highest internode length (17.2 cm), and the lowest internode length (14.3 cm)
of sugarcane was obtained on treatment T; (control), which was statistically similar to the T, treatment in
the 2013—14 cropping season. Treatment T3 showed the second-highest internode length (16.2 cm). In the
2014—15 cropping season, the treatment T, noticed the highest internode length (17.0 cm), and the
second-highest internode length (17.0 cm) was produced on treatment T3, which was statistically similar
to the T; and T, treatments. The lowest value of internode length (14.5 cm) was observed in treatment
T; (control).

Table 5: Effects of integrated nutrient management on growth parameters of sugarcane during the 2013—
14 and 2014—15 cropping seasons

Cropping season

Treatments 2013-14 2014-15
Internode length (cm)  Internode number  Internode length (cm)  Internode number

Tf 143+09¢ 193+0.7 ¢ 145+13f 20.0+£0.6 ¢
T, 14.4+0.4 de 203+1.3d 148+0.8 ¢ 220+1.2d
T; 16.2+0.5b 22.7+1.2a 17.0£1.2 ab 233+0.6 a
Ty 15704 ¢ 22.0+1.0b 16.8+0.3 b 23.0+15b
Ts 14.7+£0.5d 21.7+03 ¢ 159+03d 227+18¢
Te 155404 ¢ 22.0+1.7b 16.6+0.6 ¢ 23.0+1.0b
T, 17.2+0.5 a 22.0+0.6 b 17.0+1.8 a 233+15a

Note: *Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.
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3.5 Internode Number

The highest number of internodes (22.7) was obtained on treatment T3 in the 2013—14 cropping season.
On the contrary, the lowest number of internodes (19.3) was obtained on the T (control) treatment (Tab. 5).
Similarly, treatment T4 produced the second-highest internode number, which was statistically identical to
the T¢ and T, treatments. In the 2014—15 cropping season, the highest internode numbers (23.3) was
noted on both T; and T; treatments. Treatment T; (control) produced the lowest internode number (20.0).
Furthermore, the second highest internode number (23.0) was found on treatment T,, which was
statistically similar to T¢ treatment.

3.6 Plant Height

Plant height due to different treatments ranged from 3.9 to 4.4 m in the 201314 cropping year (Tab. 6).
Treatment T4 produced the tallest plant height (4.38 m) followed by treatments T3 (4.2 m) and T (4.1 m),
respectively. Treatment T; gave the smallest plant height (3.9 m). In the 2014-15 cropping season, the
highest significant plant height (4.6 m) was showed on treatment T, over the T, and T, treatments, which
were similar to the rest of the combinations. All treatments but T, showed a similar plant height.

Table 6: Effects of integrated nutrient management on yield attributes of sugarcane at the harvesting date

Cropping season

Treatments 2013-14 2014-15
Plant height Stalk height Stalk diameter Plant height Stalk height Stalk diameter
(m) (m) (mm) (m) (m) (mm)
Tf 39£02c¢c 24+0.1c¢c 20.1£05Db 42+0.1b 2.6£02b 183%1.3b
T, 39+02c 25£0.1bc 20.8+1.0Db 42+02b 27+03ab 19.4+0.3ab
T; 42+0.1ab 29+0.1a 228+03a 45+0.1ab 29+0.1a 20.0+0.3ab
T4 44+0.1a 28+0.1a 233+03a 46+02a 29+0.1a 202+0.7a
Ts 39+02c¢ 2.7£02abc 23.6£0.5a 43+02ab 26+02b 21.0+03a
Ts 4.1£0.1 abc 2.8+0.1ab 22.6+0.2a 43+0.1ab 2.8+02ab 19.4+0.6 ab
T, 4.0+£02bc 2.7+0.2abc 22.7+0.5a 43+03ab 2.8+03ab 19.8+0.3ab

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.

3.7 Cane Stalk Height

In the 2013—14 cropping year, treatment T5 noticed the highest stalk height (2.9 m). The lowest value of
stalk height (2.4 m) was observed in treatment T; (Tab. 6). The values of 2.6,2.7,2.9,2.9, 2.6, 2.8 and 2.78
m, respectively, were obtained from treatments T, T, Ts T4 Ts Te and T;. In the 2014—15 cropping year,
the highest stalk height sugarcane (2.9 m) was observed in treatments T3 and T,4. The lowest stalk height of
2.6 m was recorded in T, treatment (control).
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3.8 Cane Stalk Diameter

Data of stalk diameter varied from 20.1 to 23.6 mm in the 2013—14, and 18.3 to 21.0 mm in the 2014—
15 cropping seasons (Tab. 6). The control treatment (T;) recorded the lowest stalk diameter of sugarcane in
both seasons. The maximum stalk girth (23.6 mm) was found in treatment Ts Treatment T, gave the
minimum stalk girth (20.14 mm) in the 2013-14 cropping year. In the 2014-15 cropping year, the
maximum stalk diameter (21.0 mm) was found on treatment Ts. Treatment T, having neither manures nor
fertilizers produced significantly the lowest stalk girth (18.3 mm).

3.9 Millable Cane

The number of millable canes ranged from 72.3 x 10° ha ' to 126.2 x 10> ha " in the 201314, and
71.3%x 10° to 127.5x 10% ha " in the 2014—15 cropping years (Figs. la and 1b). Treatment T3 produced
the maximum number of millable canes (126.2 x 10° ha™'), and it was statistically similar to those stated
on treatments T,;, T¢ and T, having the values of 119.0 x 10°, 112.1x10* and 105.3x 10> ha ',
respectively. The minimum number of millable canes (72.3 x 10* ha ') was produced on the T, treatment,
but it was similar to that on the T, treatment. In 2014-15 cropping season, the highest number of
millable canes (127.5 x 10° ha ') was obtained on treatment T; The T, treatment produced the minimum
number of millable canes (71.3 x 10° ha ).
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Figure 1: Effects of integrated nutrient management on millable cane of sugarcane in 2013-14 (a) and
2014-15 (b). Treatment abbreviations are as in Tab. 2. Bar are mean + SE of three replications. Different
letters on bars are significantly different at p < 0.05

3.10 Unit Cane Weight

Treatment T achieved the maximum unit cane weight (1.1 kg) but it was comparable to T4 (Figs. 2a
and 2b). The minimum value of unit cane weight (0.8 kg) was found in treatment T; in the 2013—
14 cropping year. During 2014—15 cropping season, treatment T3 produced the highest unit cane weight
(1.0 kg), and it was statistically similar to treatments T4, Ts, T¢ and T, with values of 1.0, 0.9, 0.9 and
1.0 kg, respectively. Treatment T, produced the lowest cane weight (0. 8 kg).

3.11 Sugarcane Cane Yield

The application of fertilizers caused significant influences on cane yield in both seasons and it ranged
from 54.88 to 144.0 t ha ' in 2013—14, and 54.7 to 129.4 t ha ' in 2014-15 (Figs. 3a and 3b). Organic
fertilizers treated plots, recorded higher cane yields over the control plot. The T; treatment produced the
lowest values in both seasons. Treatment T5 produced the highest cane yield (144.0 t ha™ ') in the 2013—
14 cropping year. In the 2014—15 cropping year, the highest cane yield (129.4 t ha ') was noticed on
treatment T, and it was similar to treatment T, (115.9 t ha™).
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Figure 2: Effects of integrated nutrient management on unit cane weight in 2013—14 (a) and 2014—15 (b) of
sugarcane. Treatment abbreviations are as in Tab. 2. Values on bars are means + SE of three replications.
Different letters on bars are significantly different at p < 0.05
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Figure 3: Effects of integrated nutrient management on sugarcane cane yield in 2013—-14 (a) and 201415
(b). Treatment abbreviations are as in Tab. 2. Values on bars are means + SE of three replications. Different
letters on bars are significantly different at p < 0.05

3.12 Effects of INM on Juice Quality of Sugarcane
3.12.1 Total Soluble Solids (TSS) or Brix (%)

The total soluble solids or brix (%) were not significantly different due to the different nutrient
managements in both 2013—14 and 2014—15 (Figs. 4a and 4b).
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Figure 4: Effects of integrated nutrient management on brix (%) in 2013—14 (a) and 2014—15 (b). Treatment
abbreviations are as in Tab. 2. Values on bars are means + SE of three replications. Different letters on bars
are significantly different at p < 0.05
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3.12.2 Pol in Juice (%)

The pol in juice (%) was not significantly different due to the different nutrient managements in both
2013-14 and 2014-15 (Figs. 5a and 5b).
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Figure 5: Effects of integrated nutrient management on pol in juice in 2013—-14 (a) and 2014-15 (b).
Treatment details are available in Tab. 1. Bars indicate means + SE (n=3)

3.12.3 Purity (%)

Purity (%) was not significantly different due to the different nutrient managements in both 2013—14 and
2014-15 (Figs. 6a and 6b).
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Figure 6: Effects of INM on purity (%) in 2013—14 (a) and 2014—15 (b). Treatment abbreviations are as in
Tab. 2. Values on bars are means + SE of three replications. Different letters on bars are significantly different
at p <0.05

3.12.4 Pol in Cane

Pol in cane of sugarcane ranged from 14.6% to 15.3% in the 2013—14 and 14.5 to 14. 9% in the 2014—
15 cropping seasons (Tab. 7). An increasing trend of pol in cane of 15.3% was noticed in treatment T3 as
compared to the other treatments during the 2013-14 cropping season. Treatment T; contained the
highest pol in cane (15.3%), and it was statistically similar to all other treatments. However, the lowest
pol in cane (14.6%) was found in treatment T;. In the 2014—15 cropping year, the significantly highest
pol in cane (14.9%) was recorded on treatment T5. The T, treatment produced the lowest pol in cane (14.5%).
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Table 7: Effects of integrated nutrient management on cane quality parameters

Cropping season

Treatments 2013-14 2014-15

Pol in cane  Phosphate Reducing Pol in cane Phosphate Reducing

(%) (mg LY Sugars (%) (%) (mg LY Sugars (%)
T{ 146+03 3193+23¢ 030+0.1a 145+0.1 319.7+43d 0.26+0.1a
T, 14.8+0.1 322.0+£23de 028+0.1b 147+02 322.7+£50c 0.25+0.1a
T 15.3+£0.2 331.74£35ab 020+£0.1e 14.9+03 3269+29a 0.19+0.1c¢
T, 15.1+0.1 3343+23a 021+0.1e 148+0.2 327.0£23a 0.20+0.1bc
Ts 149+0.1 32474£29cde 0.26+0.1c 148+03 323.0+1.7c 0.24+0.1 ab
T 14.8+04 329.7+2.0abc 0.23+£0.1d 14.6+03 3253+20b 0.20+0.1 bc
T, 147+0.2  3273+32bed 0.25+0.1c 14.6+£03 3250+49b 0.24=+0.1 ab

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.

3.12.5 Phosphate

The T4 treatment gave the maximum phosphate concentration (334.3 mg L™') followed by Ts
(331.7 mg L") and Tg (329.7 mg L") (Tab. 7). Treatments T3, T and T, showed values of 331.7, 329.7
and 327.3 mg L™, respectively; these treatments had a similar effect on the phosphate concentration of
sugarcane juice. Treatment T, (control) produced the lowest phosphate concentration (319.3 mg L") in
sugarcane juice. In the cropping year 2014—15, the highest phosphate concentration (327.0 mg L") was
observed in treatment T4, which was statistically similar to treatment T;_ Treatment T; (control) produced
the lowest phosphate concentration (319.7 mg L™).

3.12.6 Reducing Sugars

Reducing sugars in sugarcane juice ranged from 0.20% to 0.30% in 2013—-14% and 0.19% to 0.26% in
2014—15 (Tab. 7). In the 2013-14 cropping year, treatment T3 produced the lowest reducing sugars
concentration (0.20%) and it was statistically similar to treatment T,4. The highest significant reducing
sugars concentration (0.30%) was recorded in T, treatment. The highest reducing sugars concentration
(0.26%) was observed on the T, treatment, which was statistically similar to the T,, Ts and T, treatments
in 2014-15. Treatment T3 gave the lowest reducing sugars concentration (0.19%), and it was statistically
similar to treatments T4 and Tg.

3.12.7 Fibre

Among the fertilizer management treatments, T, (control) gave the highest concentration of fibre
(16.6%), which was statistically similar toT, and Ts in the 2013—14 cropping year (Tab. 8). Furthermore,
the lowest fibre concentration (16.1%) was recorded on the T, treatment followed by the T; treatment
(16.1%). In the cropping year 2014—15, treatment T, produced the lowest significant fibre concentration
of sugarcane (15.5%) among all treatments, although it was statistically similar to treatments T3 and Tj.
Treatment T, produced the highest concentration of fibre (16.8%).
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Table 8: Effects of integrated nutrient management on fibre and sugar yield of sugarcane

Cropping seasons

Treatment 2013-14 2014-15
Fibre (%) Sugar yield (t ha ') Fibre (%) Sugar yield (t ha™")

Tf 16.6+02a 6.7£03c 16.8+0.1a 6.2+0.2d

T, 164+0.2ab 9.6+03b 16.5+0.1b 8.8+£0.4 cd

T; 16.1+£05¢ 15.6+£02a 157+0.1d 150+05a

Ty 162+0.1bc 148+1.4a 158+0.1d 13.2+0.1 ab

Ts 164+02ab 10.6+1.0b 164+0.1 bc 10.5+04c

Ts 163+03b 138+15a 16.2+0.1¢c  10.8+0.5 bc

T, 16.1£03 ¢ 10.8+03b 155+0.1d 10.5+0.3 bc

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at
the 5% level of significance by DMRT.

3.13 Sugar Yield

Sugar yield was significantly influenced by the application of the different fertilizers treatments in both
seasons, and ranged from 6.7 to 15. 6 t ha ' in 2013-14 and 6.2 to 15.0 t ha™" in 2014—15 (Tab. 8). Higher
sugar yield was produced by fertilizer-treated plots than the control plot (T,) in both seasons. In the 2013—
14 cropping year, the highest sugar yield (15. 6 tha ') was recorded in treatment T5. The sugar yield in Ty, T,
and T,, with values of 15. 6, 14.8 and 13.8 t ha ', respectively, were statistically similar. Sugar yield
(6.7 t ha™") on treatment T, was significantly lower than that on the other fertilizer treatments. Treatment
T, produced the maximum sugar yield of sugarcane (15.0 t ha™'), and it was statistically similar to
treatment T4 (13.22 t ha ') in the 201415 cropping year. The sugar yield recorded in treatment T,
(6.2 t ha ') was lower compared to all other treatments, and it was similar to the T, treatment.

3.14 Effects of Integrated Nutrient Management on Quality Parameters of Jaggery (Goor)
3.14.1 Physical Properties of Jaggery (Goor)

The physical properties of Jaggery (goor) presented in Tab. 9 were significantly influenced by the
application of different fertilizers treatments in both seasons. In the case of texture of Jaggery (goor), the
treatments T,, Tz, T4, Ts, T¢ and T; were hard, and T; showed the moderately soft texture of Jaggery
(goor) in the 2013-14 and 2014-15 cropping years. The treatments T,, Tz, T4, Ts and T¢ produced
good crystalline nature of Jaggery (goor) in both cropping seasons. Treatments T; and T, recorded
non-crystal and moderately crystal in nature, respectively, in both seasons. The color of Jaggery (goor)
was golden in T,, Ts, T4, Ts, Tg and T, treatments. T; showed a brown color of Jaggery (goor) in
solid-state. On the contrary, a sweet taste of Jaggery (goor) was obtained on treatments T,, T3, T4, Ts,
Te¢ and T,. The T; treatment showed a slightly salty taste of Jaggery (goor) in the 2013—-14 and
2014-15 cropping seasons.
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Table 9: Effects of integrated nutrient management on physical properties of Jaggery (goor)

Cropping seasons

Treatments 2013-14 2014-15
Texture Crystalline Color in solid ~ Taste Texture Crystalline Color in solid ~ Taste
in nature state in nature state
T Moderately Non-crystal Brown Slightly Moderately Non-crystal Brown Slightly
soft salty soft salty
T, Hard Good crystal ~ Golden Sweet Hard Good crystal ~ Golden Sweet
T; Hard Good crystal ~ Golden Sweet Hard Good crystal ~ Golden Sweet
Ty Hard Good crystal ~ Golden Sweet Hard Good crystal ~ Golden Sweet
Ts Hard Good crystal ~ Golden Sweet Hard Good crystal ~ Golden Sweet
Ts Hard Good crystal ~ Golden Sweet Hard Good crystal ~ Golden Sweet
T, Hard Moderately Golden Sweet Hard Moderately Golden Sweet
Crystal Crystal

Note: *Treatment abbreviations as in Tab. 2.

3.14.2 Chemical Properties of Jaggery (Goor)

Sucrose

Sucrose concentration of Jaggery (goor) was significantly influenced by the different integrated nutrient
management practices in the 2013-14 and 2014-15 cropping years (Tab. 10). The highest sucrose
concentration of Jaggery (goor) (76.3%) was noticed in treatment T; and it was statistically similar to
treatment T, (75.6%) in the 2013-14 cropping year. Treatment T; (control) showed the lowest sucrose
concentration of Jaggery (goor) (68.0%). In the 2014—15 cropping year, treatment T5 produced the highest
significant sucrose concentration (80.1%) of Jaggery (goor), and it was statistically similar to treatment T,
(79. 7%). Treatment T, (control) gave the lowest sucrose concentration (75.8%) of Jaggery (goor).

Table 10: Effects of integrated nutrient management on chemical properties of Jaggery (goor)

Cropping seasons

2013-14 2014-15
Treatments . .
Sucrose (%) Reducing Color Sucrose (%) Reducing Color
Sugars (%) transmittance Sugars (%) transmittance
(0.25N) (0.25N)

T 68.0+39f 59+0.1a 46.1+2.8 ¢ 75.9+0.6 d 6.8+0.4 ab 458+3.0b
T, 69.7+1.8¢ 58+02a 51.9+£254d 78.1+£0.7 ¢ 6.8+03a 51.6+2.1 ab
T; 76.3+3.0a 54+02b 54.8+3.0a 80.1+1.7a 6.6+£02c¢ 578+2.7a
Ty 75.6+2.7 ab 5.5+£0.2 ab 53.9+2.5ab 79.7+1.8 ab 6.6+£0.3 bc 56.5+1.7a
Ts 71.0+£2.1d 5.8+0.1a 52.2+2.8cd 778+1.3 ¢ 6.7+0.2 abc 52.2+1.8 ab
Ts 749+£260b 5.6+0.1 ab 53.7£240b 794=+2.1b 6.7+0.2 abc 547+19a
T, 728+12c¢ 5.7+0.1 ab 53.0+2.3 be 782+19c¢ 6.7+0.1 abc 540+22a

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance

by DMRT.
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Reducing Sugars

Tab. 10 showed that the reducing sugars of the Jaggery (goor) were significantly influenced by the
application of different fertilizers in the 2013—14 and 201415 cropping years. The T; treatment gave the
minimum reducing sugars (5.4%) in Jaggery (goor), and it was statistically similar to treatments T4, T¢
and T;. On the other hand, treatment T; produced the maximum reducing sugars (5.9%) in Jaggery
(goor), which was similar to the treatments T,, T4, Te and T;. During 201415, the highest reducing
sugars concentration (6.8%) of Jaggery (goor) was obtained in the T, treatment, and it was statistically
similar to all treatments except T3 and T4 The treatment T; gave the minimum reducing sugars
concentration (6.6%) of Jaggery (goor), and it was statistically similar to theT, treatment.

Color Transmittance

The color transmittance of Jaggery (goor) significantly differed by the application of different fertilizers
treatments in both seasons, and ranged from 46.1% to 54.8% in 2013-14% and 45.8% to 57.8% in 2014-15
(Tab. 10). In the 2013—-14 cropping year, color transmittance of Jaggery (goor) was highest in treatment T;
(54.8%), and it was statistically similar to treatment T4. The lowest color transmittance of Jaggery (goor)
(46.1%) was found in treatment T, (control). During the 2014-15 cropping year, the highest color
transmittance of Jaggery (goor) (57.8%) was noticed in treatment T;, which was similar to all other
treatments except T;. Treatment T; (control) produced the lowest color transmittance of Jaggery (goor)
(45.8%), but it was statistically similar to treatments T, and Ts.

The pH of Jaggery (Goor)

The pH of Jaggery (goor) was significantly influenced by the different integrated nutrient management
treatments in the 2013—-14 and 2014-15 cropping seasons (Tab. 11). In the cropping year of 2013—14, the
maximum pH value (5.6) of Jaggery (goor) was observed on treatments T, and Ts, which was
statistically similar to all the other treatments except T;. The minimum pH value (5.4) of Jaggery (goor)
was obtained on treatment T,. In 201415, treatment T, gave the highest pH of Jaggery (goor) (5.8) and
it was statistically similar to all the other treatments except T;. The treatment T; gave the lowest pH of

Jaggery (goor) (5.6).

Table 11: Effects of integrated nutrient management on pH, ash and Jaggery (goor) recovery

Cropping seasons

Treatments 2013-14 2014-15
pH Ash (%) Jaggery pH Ash (%) Jaggery
recovery (%) recovery (%)
T} 54+0.08b 3.8=+0.11a 100+£009b 56+004b 3.6+03a 10.1+03Db
T, 54+0.05ab 3.6+0.06ab 10.1+£023b 5.7+0.04ab 34+0.1ab 103=£02Db
T; 56+0.04a 29+0.12d 11.2+031a 57+0.03ab 3.0+02b 11.2+04a
Ty 57+£0.12a 3.1£0.13cd 10.7+0.24ab 5.7+£0.03ab 3.2+02ab 10.8=0.4ab
Ts 54+0.12ab 3.7+£0.14a 102+023b 5.7+0.04ab 3.5+0.1ab 104+02Db
Te 57+0.07a 33+0.15bc 104+022b 58+0.07a 33+02ab 10.5+0.3ab
T, 55+£0.08ab 3.5£0.07ab 102+0.19b 57+£0.08ab 3.3+0.1ab 10.5+0.3 ab

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level
of significance by DMRT.



456 Phyton, 2022, vol.91, no.2

Ash

The ash concentration ranged from 2.85% to 3.75% in the 2013—14 cropping year (Tab. 11). Treatment
T, recorded significantly the highest ash concentration (3.8%), and it was statistically similar to the T,, Ts
and T, treatments. The lowest ash concentration (2.9%) was observed in the Tj treatment. In the cropping
year of 2014-15, treatment T; produced significantly the highest ash concentration (3.8%), but it was
statistically similar to all treatments except T5. On the other hand, treatment T3 produced significantly the
lowest ash concentration (3.0%).

Jaggery (Goor) Recovery

The results were significantly influenced by the practice of integrated nutrient management treatments in
the 2013-14 and 201415 cropping seasons (Tab. 11). Treatment T3 produced significantly the highest
Jaggery (goor) recovery (11.2%) which was statistically similar to treatment T4 (10.7%) in the 2013—
14 cropping year. Treatment T, gave significantly the lowest Jaggery (goor) recovery (10.0%). In the
cropping year 2014-15, treatment T; showed significantly the highest Jaggery (goor) recovery (11.2%),
which was statistically similar to that on treatments T4, Ts and T,. The lowest significant Jaggery (goor)
recovery (10.1%) was obtained on theT; treatment.

3.14.3 Effects of INM on Jaggery (Goor) Grading

In the cropping years 2013-2014 and 201415, the NR values differ statistically among treatments. Based
on the NRV, Jaggery (goor) was classified into different classes such as A; to As (Tab. 12). Treatment T;
produced significantly the highest net rendament (NR) value of Jaggery (goor) (57.8) in the 2013—
14 cropping season. The second and third highest NR values were observed on treatments T, (57.1)
and Tg (56.9). Treatment T, gave the lowest value (52.2) of NR. In the cropping season of 2014-15,
the first, second and third highest NR (61.1, 61.0 and 60.9) values of Jaggery (goor) were obtained in
the treatments T3, T4 and T Furthermore, treatment T; gave the lowest value of NR (58. 7) of Jaggery
(goor) (Tab. 12).

Table 12: Net rendament values (NRV) of Jaggery (goor) under different integrated nutrient managements

Cropping seasons

Treatments 2013-14 2014-15
NR values Grading NR values Grading

T} 5224+0.1¢g B (Medium) 58.7+0.1¢g B (Medium)
T, 53.0+0.1f B (Medium) 60.0+0.1d B (Medium)
T; 57.8+0.2 a B (Medium) 61.1£0.2 a A, (Good)
Ty 57.14£0.1b B (Medium) 61.0£0.1b A, (Good)
Ts 537402 e B (Medium) 59.7+02 f B (Medium)
Te 56.9+0.1c B (Medium) 609+0.2c A, (Good)
T 55.0+£0.1d B (Medium) 599+0.1e B (Medium)

Note: *Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance

by DMRT.
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3.14.4 Effects of INM on Leaf Nutrient Concentrations

In the 2013—14 cropping season, treatment T3 showed the highest N concentration (1.34%). The second
highest N concentration (1.25%) was found on T4 followed by the T treatment (1.23%) (Tab. 13). The T3
treatment showed the highest P concentration (0.08%). The treatment T; gave the lowest value of P (0.06%).
The T, treatment recorded the highest K concentration (1.25%), and the lowest K concentration (1.00%) was
found on the T; treatment. Treatment Ts showed the highest S concentration (0.22%) followed by T3
(0.21%). During the 2014—15 cropping year, the highest value of N concentration (1.38%) was obtained
on treatment T3, and the lowest N concentration was observed on treatment T; (1.04%). The treatment T;
recorded the highest P concentration (0.09%), and treatment T; showed the lowest P value (0.06%). The
T, treatment recorded the highest K concentration (1.25%), and the T, treatment recorded the lowest one
(0.96%). Treatment Ts recorded the highest S concentration (0.23%) followed by the Ts (0.22%)
treatment. T showed the lowest S concentration (0.15%) (Tab. 13).

Table 13: Nutrient concentration of leaves as affected by integrated nutrient management

Cropping seasons

2013-14 2014-15
Treatments
240 days after transplanting (DAT)
N (%) P (%) K (%) S (%) N (%) P (%) K (%) S (%)

T} 1.03+£0.03e¢ 0.06+£0.02¢ 1.00+£0.03¢ 0.15£0.01 e 1.04+0.02¢ 0.06£0.0le 0.96+0.02g 0.15+£0.02 ¢
T, 1.18+0.02 cd 0.06+0.01d 1.13+£0.02¢ 0.18+0.01d 1.15+0.01d 0.07+0.01d 1.10+0.01 f 0.16+0.02 de
T 1.34+0.05a 0.08+0.02a 1.18+0.02b 0.21+£0.02ab 1.38+0.01 a 0.09+0.01 a 1.22+0.01 b 0.22+0.01 a
Ty 1.25+0.01b 0.08£0.01b 1.25+0.01 a 0.20+£0.01 bc 1.27+0.02b 0.08+0.01 b 1.25+0.01 a 0.19+0.01 be
Ts 1.17+0.05d 0.06+£0.01d 1.08+0.02d 0.22+0.02a 1.20+0.02¢ 0.07+0.01d 1.12+0.01 ¢ 0.23+0.01 a
Te 1.23+0.03b 0.08+£0.02¢c 1.15£0.02c¢ 0.19+£0.02cd 1.26+0.01 b 0.084+0.02¢ 1.18+0.01 ¢ 0.20+0.01 b
T, 1.20+£0.02¢ 0.08+£0.01c 1.13£0.01 ¢ 0.194£0.01 cd 1.21+0.01 ¢ 0.08+0.01 ¢ 1.15£0.01d 0.18+0.01 cd

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.

3.15 Relationships Between Leaf Nutrient Concentrations
3.15.1 N and P Concentrations

N and P concentrations in sugarcane leaves showed a significant positive correlation with each other at
the 5% level of probability in both the 2013—14 and 2014—15 cropping seasons (Figs. 7a and 7b). The values
of the coefficients of determination (r*) were 0.610%* in the 2013—14 and 0.769** in the 2014—15 cropping
seasons, with the regression lines y =0.059 x in 2013—14, and y=0.074 x in 2014-15.

3.15.2 N and K Concentrations

In both the 2013-14 and 2014-15 cropping seasons, there was a direct significant and positive
relationship between N and K concentrations in sugarcane leaves having the determination coefficients of
?=0.454%* in 2013-14 and r*=0.832** in 201415 (Figs. 7c and 7d). The relationships were evident by
the equations y=0.941 x in 2013-14, and y=0.827 x in 2014-15.
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Figure 7: Relationship between N and P concentrations: 2013-14 (a) and 2014-15 (b), N and K
concentrations in 2013—14 (c) and 2014-15 (d), N and S concentrations in 2013-14 (e) and 201415 (f)

3.15.3 N and S Concentrations

The concentrations of N and S in sugarcane leaves indicated a significant positive correlation with each
other at the 5% level of probability (Figs. 7e and 7f). The values of the determination coefficients (r) were
?=0.238** and r*=0.419** in both the 201314 and 2014—15 cropping seasons, respectively, with the
regression lines y=0.161 x and y=0.254x.

3.15.4 P and K Concentrations

P and K concentrations in sugarcane leaves indicated a significantly positive correlation with each other
at the 5% level of probability (Figs. 8a and 8b). The values of the determination coefficients were
> =0.063** with the regression line y=15.78 x in 2013—14, andr®=0.794** with the regression line y =
9.559 x in 2014-15.

3.15.5 P and S Concentrations

P and S concentrations in sugarcane leaves indicated a significant positive correlation with each other
at the 5% level of probability (Figs. 8c and 8d). The values of the determination coefficients were r* =

0.231** with the regression line y=2.705x in 2013—14, and r*=0.289** with the regression line y=
2.498x in 2014-15.
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Figure 8: Relationship between P and K concentrations in 2013—-14 (a) and 2014-15 (b), P and S
concentrations in 2013-14 (c) and 201415 (d), and K and S concentrations in 2013—14 (e) and 201415 (f)

3.15.6 K and S Concentrations

The concentrations of K and S in sugarcane leaves indicated a significant positive correlation with each
other at the 5% level of probability (Figs. 8e and &f). In both years, the value of the determination coefficient
was r°=0.245%* with the regression line y=0.171 x in 2013—14, and r*=0.355** with the regression line
y=0.257x in 2014-15.

3.16 Effects of Integrated Nutrient Management on Post-Harvest Soils

In the 2013—14 cropping season, the pH value of the initial soil was 7.6 and that of the postharvest soil
varied from 7.5 to 7.6 in the different treatments (Tab. 14). The pH of the initial soil was 7.6 and that of the
postharvest soil was 7.6 in the cropping season of 2014-15. Due to the different treatments, the organic
carbon concentration of the postharvest soils ranged from 0.72% to 0.73% in 2013-14, and it was 0.71%
in 2014-15. The total N concentration of the postharvest soils was 0.06 in 2013-14, and 0.07 in 2014—
15 because of the different fertilizer treatment combinations. Available P concentrations of postharvest
soils varied from 12.9 to 13.0 mg kg™ in 2013—14, and 9.9 to 10.0 mg kg™ in 2014—15. In the 2013—
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14 cropping season, the exchangeable K concentrations of the postharvest soils were not significantly
different. The exchangeable K concentration of the initial soil was 0.28 cmol kg ™', and that of the
postharvest soil varied from 0.27 to 0.28 cmol kg ' in the 2014—15 cropping season. The available S
concentrations of the initial soils were 30.0 mg kg ' in 2013-14, and 25.0 mg kg ' in 2014-15. The
available S values of the postharvest soils due to the different treatment combinations varied from 29.9 to
30.0 mg kg ' in 2013-14, and 24.9 to 25.0 mg kg ' in 2014-15.

Table 14: Nutrient status of initial and postharvest soils affected by integrated nutrient management for
sugarcane production

2013-14 201415

Treatments ,y  O0C N (%) P(mg K(mol S(mg pH OC N (%) P(mg K (cmol S (mg
(%0) ke) kg ke (%) ke) kg ke
Initial soil 7.6 0.72 0.06 13.0 0.27 30.0 7.6 0.71 0.07 10.0 0.28 25.0

Postharvest soil

T 7.6+ 0.72 0.06 129+ 027+ 299+ 7.6+ 071 0.07 99+ 027+ 249=
0.03 +0.02 £0.02 0.36 0.02 0.03 0.03 +0.03 +£0.03 0.04 0.03 0.05
T, 7.6+ 0.72 0.06 129+ 027+ 299+ 7.6+ 071 0.07 10.0£ 027+ 249+
0.02 +0.02 £0.01 0.02 0.02 0.02 0.03 +0.03 +£0.02 0.03 0.03 0.03
T; 75+ 073 0.06 13.0+ 027+ 300+ 7.6+ 071 0.07 100+ 028+ 25.0=+
0.05 +0.02 £0.01 0.01 0.01 0.02 0.03 +0.02 +£0.02 0.03 0.02 0.03
Ty 7.5+ 0.72 0.06 129+ 027+ 299+ 7.6+ 071 0.07 99+ 028+ 25.0=+
0.04 +0.02 £0.01 0.01 0.02 0.02 0.02 +£0.02 £0.01 0.02 0.02 0.03
Ts 7.6+ 0.72 0.06 129+ 027+ 300+ 7.6+ 071 0.07 99+ 028+ 250=+
0.02 +0.02 +£0.02 0.33 0.02 0.02 0.02 +0.03 £0.02 0.02 0.03 0.02
Te 7.6+ 0.72 0.06 129+ 027+ 299+ 7.6+ 071 0.07 99+ 028+ 25.0=+
0.01 £0.01 £0.02 0.02 0.02 0.02 0.02 +0.03 +£0.02 0.03 0.02 0.01
T, 76+ 0.72 0.06 13.0+ 027+ 299+ 7.6+ 071 0.07 100+ 028+ 250+

0.01 +£0.03 +0.01 0.11 0.01 0.02 0.04 =£0.01 +£0.01 0.02 0.02 0.03

Note: “Treatment abbreviations as in Tab. 2. Figure(s) having common letter(s) in a column did not differ significantly at the 5% level of significance
by DMRT.

3.17 Economic Analyses of Integrated Nutrient Management in Sugarcane Production

The total production cost of sugarcane was assessed for the different treatment combinations (Tab. 15).
The total production cost of sugarcane varied from Tk. 65,000.00 to 97,480.00 in 2013-14, and Tk.
65,000.00 to 97,810.00 in 2014-15. Treatment T needed the highest production cost with the amount of
Tk. 97,480.00 and Tk. 97,810.00 in both the 2013-2014 and 2014—15 cropping seasons, respectively. In
both seasons, treatment T; required the lowest production cost. The highest gross margin was observed in
treatment T in 2013—14 and 201415 with the values of Tk. 3,60,050.00 and Tk 3,23,525.00 ha ',
respectively. The lowest gross margins of Tk. 1,37,200.00 and Tk. 1,36,725.00 ha ' were recorded in
treatment T, in 2013—14 and 201415, respectively. Treatment T3 obtained the highest net return with the
amount of Tk. 2,71,354.00 ha ! in 2013-14, and Tk. 2,35,455.00 ha ' in 2014-15. The lowest net
returns of Tk. 72,200.00 ha ' in 2013—14 and Tk. 71,725.00 ha ' in 2014-15 were noted on treatment
T;. A maximum benefit cost ratio (BCR) of 4.06 was obtained from treatment T3 in 2013—14; this ratio
was 3.67 also in T3 in 2014—15. The second highest BCRs, of 3.47 and 3.20, were observed in treatment
T4 in the 2013—14 and 2014-15 cropping seasons, respectively.



Phyton, 2022, vol.91, no.2 461

Table 15: Cost and return analyses of sugarcane cultivation under integrated nutrient management

Cropping seasons

2013-14 2014-15

Treatments Total Cost Gross Net Benefit Total Cost Gross Return Net Return Benefit
(Tk.ha™') Return  Return  Cost  (Tk.ha') (Tkha')  (Tk.ha™') Cost

(Tk. ha™') (Tk. ha') Ratio Ratio

(BCR) (BCR)
T} 65,000 1,37,200 72,200 2.11 65,000 1,36,725.00 71,725.00 2.10
T, 83,994 1,98,975 1,14,981 2.37 83,994 1,97,425.00 1,13,431.00 2.35
T; 88,696 3,60,050 2,71,354 4.06 88,070.00 3,23,525.00 2,35,455.00 3.67
Ty 91,488 3,17,075 2,25,587 3.47 90,586.00 2,89,625.00 1,99,039.00 3.20
Ts 81,222 2,34,150 1,52,928 2.88 78,578.00 2,29,500.00 1,50,922.00 2.92
Te 97,480 2,82,275 1,84,795 2.90 97,810.00 2,39,375.00 1,41,565.00 2.45
T, 82,710 2,52,250 1,69,540 3.05 84,568.00 2,30,675.00 1,46,107.00 2.73

Note: *Treatment abbreviations as in Tab. 2. For better understanding, cost of production, gross return and net returns may be converted from BDT to
USS using an exchange rate (BDT/US$) of 1US$ = 84.8 BDT (according to the currency conversion rate on 12 December 2019).

4 Discussion

Almost all the traits determined in these experiments were influenced significantly by the treatments of
integrated nutrient management with respect to growth and yield attributes of sugarcane, juice and Jaggery
(goor) quality of sugarcane, nutrient status of post-harvest soil and economic analyses at the Bangladesh
Sugarcane Research Institute, Ishurdi, Pabna. Physiological characters of sugarcane viz., chlorophyll, leaf
area index (LAI), and total dry matter (TDM) yield were also statistically significantly different among
the integrated nutrient management treatments. Chlorophyll, LAI, and TDM were found higher in
treatment Tj, but it was statistically similar toT, in both years. It might be attributed to the ability of
poultry litter or cow dung in improving soil structure and aeration thereby reducing leaching of inorganic
fertilizer and leading to the increase in sugarcane growth. Leaf area index might have increased due to
this treated sugarcane plant which had more capability to obtain more light and air as well as chlorophyll
resulting in an increased in leaf area and TDM yield. Nawaz et al. [20] observed that LAI and TDM yield
increased more with compost + inorganic 100% RFD. Bokhtiar et al. [21] and Gana [22] also supported
these findings. Roksana [23] also showed that total chlorophyll concentration, LAI and DM yield were
found maximum with 100% recommended fertilizer with enriched press mud either of Trichoderma
harzianum or T. viride. In both 2013—-14 and 2014-15 cropping seasons, the growth rate of sugarcane
increased at 30 and 60 days after stem formation, and thereafter it decreased at 90 days after stem
formation in the case of all treatments of integrated nutrient management. In the study, treatments
receiving both organic and chemical fertilizers increased growth rate over the control. The increased
growth rate might be due to a better utilization of chemical nutrients in combination with organic sources
than chemical sources alone. These findings were in agreement with the results obtained by Bokhtiar
et al. [24] and Sharma et al. [25]. The number of tiller production showed an increasing trend until
150 DAT and thereafter, it gradually decreased until210 DAT in both seasons and all treatments. Rahman
[26] and Rahman et al. [27] also reported the highest number of tiller population at 150 DAT and then, it
decreased at 180 DAT. Tiller population increase in treatment T3 followed by T4. This might be due to
the treatments containing a huge source of macro- and micro-nutrients, which enhanced soil fertility,
supplying more nutrients to the plant root zone and showed more growth of the plants. Babu et al. [28§]
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and Darandale et al. [29] also supported our findings. A better utilization of chemical nutrients in
combination with organic sources increased tillering more than chemical sources alone. These findings
were in agreement with the results of Bokhtiar et al. [24]) and Umesh et al. [30]. In the present study,
tiller mortality rate was lower during the growing period because crop used organic and chemical
fertilizers combindly. Yield attributes like number of millable cane, stalk height, stalk diameter and cane
yield increased in T3 which was statistically similar to T4 in both seasons, except stalk diameter that was
the highest in the Ts treatment in 2013—14. This might be due to the treatments, which most likely were
highly efficient to enhance soil physico-chemical properties, making nutrients more readily available for
sugarcane growth. Soomro et al. [31] supported these results. The results showed that the organic along
with inorganic fertilizers had a more significant influence on the growth and yield attributes of sugarcane.
The integrated use of the organic along with the inorganic fertilizer had significant effects on the growth
and yield attributes of the plant sugarcane crop as stated by Nawaz et al. [32]. The application of 75%
recommended NPK through inorganic + 25% through organic fertilizer (FYM) + biofertilizer + trash
mulching in alternate rows + biopesticide produced significantly the highest number of tillers in plant
sugarcane; cane length, cane yield, sugar yield and other yield attributes were observed the highest in the
same treatment further mentioned by them. In this study, the highest yields of cane and sugar were
recorded in the T3 treatment. This might be attributed to the amelioration of soils as evidenced by the
improvement in the crop growth parameters (i.e., tillering, millable sugarcane number and stalk height).
The findings of several others researchers were consistent with our results. Application of 100% RFD +
press mud at 20 t ha™' for sugarcane crop proved to be more promising as observed by Soomro et al.
[31]. Similar observations to the present findings were also reported by Bokhtiar et al. [21]. These authors
also found that enriched press mud with 100% inorganic fertilizer was more effective for obtaining more
yields by enhancing the yield attributes. Babu [33] further reported that among different organic sources,
FYM, press mud and poultry litter proved to be superior in terms of cane yield, whereas press mud
followed by poultry litter also increased sugar yield. Enriched press mud was more effective than raw
press mud in increasing sugarcane yields. In comparison to the chemical fertilizer alone, NKS
concentrations of leaf tissues were slightly increased.

The application of integrated nutrient management also increased sugarcane cane juice quality,
especially Ts. The better juice quality was found in FYM + RFD on the plant crop reported by Lakshmi
et al. [34]. The application of 25% less than RFD of NPK with compost (15 t ha ") for crop increased
growth and yield of sugarcane without deteriorating soil fertility, which ultimately increased the juice
quality of sugarcane [11]; these observations were in line with the present study. These authors found that
without deterioration of soil fertility, the application of 25% less than RFD of NPK with compost
(15 t ha ") for crop increased growth and yield of sugarcane improved juice quality. Sarwar et al. [35]
mentioned that the combination of press mud with inorganic fertilizer enhanced juice quality of plant
sugarcane. A similar result was also reported by Babu [33]. Among different organic sources, FYM, press
mud and poultry litter were superior in terms of juice quality. The results of the present study agrees with
those of Singh et al. [36]. These authors observed that the integrated use of organic with chemical fertilizers
had the capacity to sustain sugar production. The application of PMC at 2 t ha '+140kg N ha™'
and PMC at 4 t ha '+100 kg N ha ' increased sugar yield over 180 kg N ha ' and gave an economy of
40-80 kg N ha™'. The same result was reported by Bokhtiar et al. [37], who observed that the application of
FYM, ground nut cake and inorganic nitrogen in the ratio of 1:1:1 proved better with regard to cane yield, but
without alteration in juice quality. The application of FYM, ground nut cake and inorganic nitrogen in the
ratio of 1:1:1 increased cane yield but without alteration in juice quality as reported by Vedprakash et al. [38].
In this study, treatment T3 produced the best cane juice quality; T4 was also beneficial for obtaining an
improved quality of cane juice as compared to remaining treatments. Soomro et al. [39] also found similar
results and reported that the residual organic fertilizers with inorganic NPK fertilizers had a greater effect on
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yield and quality of sugarcane. The highest significant brix and other qualities were obtained in 25% less of RFD
+FYM at 15 t ha™" in ratoon crops of sugarcane reported by Rahman [26].

The combinations of organic and inorganic nutrient management did not affect soil properties. This
might be attributed to the short-term application of those nutrients to the soil. Generally, at least 3—
4 years are necessary to see changes of soil properties after application of any soil amendments.
However, the duration of the current experiment was only 2 years, which is too short to expect changes
of soil properties after imposing the soil amendment treatments. However, the application of organic and
inorganic combinations slightly improved soil physico-chemical properties in the current study. Treatment
T3, T4 or T improved soil structure of the sugarcane experimental field at the Pabna region. This was
due to the integrated use of organic and inorganic fertilizers having a direct role in supplying macro- and
micro-nutrients, which might be improved soil fertility status in comparison to that of the chemical
fertilizers alone. Singh et al. [40] confirmed this result. These authors applied organic fertilizer combined
with inorganic fertilizer to increase soil physical and chemical properties at any region. Srivastava et al.
[12] reported that the application of organic matter from animal manure, crop residues and green
manuring replenished soil organic C and improved soil fertility. Besides, soil OC, total N, available P,
exchangeable K and available S were increased in organic press mud over other treatments as reported by
Roksana [23]. Bokhtiar et al. [21] also observed that soil OC, total N, P, K and S concentrations were
superior with press mud and 100% RFD in High Ganges River Floodplain soils. This result agrees with
findings obtained by Gana [22], who used cow dung combined with inorganic fertilizer, which increased
organic carbon and cation exchange capacity in soils. Similar results were obtained by Darandale [29].
This author reported that the integrated use of manures with fertilizers was extremely important for
nutrient uptake of sugarcane when nitrogen was supplied from 50% press mud and 50% through urea.
Srivastava et al. [41] obtained similar results with the application of PM at 10 t ha ' and FYM at 10 t
ha ' along with inorganic fertilizer. The same results were obtained by Boktiar et al. [42]. These authors
mentioned that organic C, available N, P, K, and S concentrations were higher in postharvest soils that
received inorganic fertilizer in combination with organic manure than the control and inorganic fertilizer
treated soil. Ramos et al. [43] also supported these results. These authors stated that there was an increase
in the soil P levels by fertilizing with poultry litter and organo-mineral fertilizers. Levels of soil K, Ca
and Mg concentrations, acidity and soil organic matter, and levels of macronutrients in sugarcane did not
change by the application of poultry litter and organo-mineral fertilizers compared with mineral fertilizer.
Aulakh et al. [44] found the same result and mentioned that the integration of chemical fertilizers and
FYM improved soil health. Shukla et al. [45] also found the same result and stated that the application of
100% N through organic fertilizer improved soil OC, N use efficiency and soil respiration rate. Therefore,
the findings of this research indicated that organic along with chemical fertilizers improved soil fertility.
The physical and chemical properties of post-harvest soils at the Pabna region were also determined and
observed an identical variation in almost all the characters among the integrated nutrient management
practice treatments. However, all the treatments proved to enhance their initial concentration. Results also
revealed that most of the soil nutrient concentrations were highly influenced by the integrated nutrient
management. The result in the current study suggested that the incorporation of the organic and inorganic
nutrients was more efficient for enhancing soil nutrients at the Pabna region. This might be due to that
the organic fertilizer had a higher ability to supply macro- and micro-nutrients to the soil alone while it
was supplemented with inorganic fertilizer it increases more nutrient to the soil as well as the soil
becomes more fertile and achieve a higher ability to contribute to a greater production of plant sugarcane.
Finally, these results suggested that the soil fertility was highly influenced by the integration of PL at
5tha ' + NosPs;Kg7SoMg,0Zn, sBs kg ha™' or CD at 15 t ha ' + N3¢Ps,Kg0S17Mg10Zn, sB4 kg ha ' at
the Pabna region. Venkatakrishnan et al. [46] also agreed with these results and reported that seasoned
press mud at 25 t ha™' along with 100% RFD increased the post-harvest N, P and K soil status in a plant
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sugarcane field when it was intercropped with legume crops. They also stated that the increase of macro- and
micro-nutrients with manure in combination with inorganic fertilizers was in conformity with the results of
Shukla et al. [47]; Rahman [26]; Bokhtiar et al. [42] and several other scientists in a plant sugarcane
intercropping system with legume crops.

More gross and net return with maximum BCR at the High Ganges River Floodplain soils were obtained
in the Tj treatment. This might be due to the higher growth of plants. It included a greater effect on
yield attributes as well as more sugarcane yield attained under this treatment. Nawaz et al. [20] also
reported similar results than those obtained in with the present findings in a recent year. They also
reported that the combined application of compost and inorganic fertilizers showed the highest benefit of
cost ratio due to the higher yield of plant sugarcane. The application of 25% N through FYM + 25% N
through poultry litter + 50% N through inorganic fertilizers produced net returns and B:C ratios close to
those obtained with a 100% recommended fertilizer alone, and improved soil health in terms of a positive
nutrient balance [48]. These results were also supported by the findings of Keshavaiah et al. [49] and
Keshavaiah [50], who reported the highest gross and net returns along with the highest BCR in the
organic and inorganic fertilizer combinations.

5 Conclusion

To obtain more yield from sugarcane, organic fertilization in combination with chemical fertilizers can
be a good agronomic management practice. Considering the present experimental findings, integrated
applications of Poultry litter (Treatment 3) followed by Cow dung (Treatment 4) proved to be the most
effective and profitable combination for improving growth, yield and quality of sugarcane. Treatments
3 and 4 showed the better productive and profitable integrated nutrient management technology for
sugarcane cultivation without soil fertility degradation in the High Ganges River Floodplain soils.
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Table S1: Average temperature during experiment time

Average temperature (°C)

Months 2013 2014 2015
Max Min Max Min Max Min

January 19.29 11.52 17.53 12.85 19.93 13.02
February 23.72 16.93 21.84 17.23 23.36 15.83
March 29.90 22.81 26.62 21.83 27.70 19.65
April 30.97 26.26 33.49 28.52 28.47 22.64
May 30.48 26.68 33.67 29.19 30.99 26.18
June 32.61 28.59 30.63 28.28 30.94 27.20
July 31.11 27.84 30.86 27.89 30.00 26.71
August 30.77 27.49 30.03 27.93 29.54 27.03
September 30.59 26.86 30.59 27.35 29.11 26.63
October 27.96 25.01 28.86 25.16 27.14 24.56
November 23.10 18.28 26.54 18.90 21.58 19.13
December 17.90 13.11 19.75 13.55 18.14 15.34
Average 27.37 22.62 27.53 23.22 26.41 21.99

Table S2: Average humidity and rainfall during experiment period

Humidity (%) Rainfall (mm)

Months

2013 2014 2015 2013 2014 2015
January 77.23 83.39 87.62 0.00 0.00 0.00
February 68.76 78.32 70.98 0.45 1.67 0.00
March 70.37 78.31 84.77 0.00 0.82 1.13
April 78.32 75.48 90.67 1.81 1.77 2.49
May 82.99 82.56 89.70 10.90 2.63 3.54
June 82.40 89.06 88.90 5.62 14.53 8.86
July 84.93 88.45 89.92 5.86 3.85 12.93
August 86.16 92.48 91.86 9.10 5.80 431
September 87.62 92.01 90.55 5.66 4.24 4.83
October 90.14 91.24 88.93 2.31 1.85 1.59
November 82.09 86.07 81.10 0.00 0.00 0.00
December 79.39 87.18 83.95 0.00 0.00 0.00

Average 80.87 85.38 86.58 3.48 3.10 3.31
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Table S3: Average bright sunshine and evaporation during experiment period
Bright sunshine (hours) Evaporation (mm)

Months

2013 2014 2015 2013 2014 2015
January 2.69 2.79 0.16 2.00 1.48 0.06
February 5.98 3.95 3.21 2.52 2.50 1.77
March 6.08 5.02 5.11 3.37 2.77 1.77
April 5.87 6.78 3.93 3.21 3.16 1.56
May 2.84 4.55 4.65 2.17 3.31 1.60
June 3.85 0.00 3.30 2.62 0.85 1.27
July 3.10 0.00 0.48 1.74 2.14 0.88
August 3.13 1.48 2.02 1.11 1.28 1.43
September 3.52 342 3.13 1.89 2.00 1.24
October 2.60 3.55 2.87 1.20 1.40 1.54
November 4.77 0.17 0.90 2.53 0.03 1.86
December 3.16 0.16 1.66 1.37 0.06 1.74
Average 3.97 2.66 2.62 2.14 1.75 1.39




	Integrated Nutrient Management Improves Productivity and Quality of Sugarcane (Saccharum Officinarum L.)
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References


