
_____________________________________________________________________________________________________ 
 
++ 

Ph. D. Research Scholar; 
# 
District Extension Specialist; 

† 
Professor; 

‡ 
Assistant Scientist; 

^ 
M.Sc. Research Scholar; 

*Corresponding author: E-mail: kirankhokhar123@gmail.com; 
 
Int. J. Plant Soil Sci., vol. 35, no. 1, pp. 34-46, 2023 

 
 

International Journal of Plant & Soil Science 
 
Volume 35, Issue 1, Page 34-46, 2023; Article no.IJPSS.95884 
ISSN: 2320-7035 

 
 

 

 

Assessment of Method and Application 
Schedule of Fertilizer N and K on 

Growth and Productivity of Summer 
Planted Sugarcane Crop (Saccharum 

officinarum L.) under Wide Spacing 
 

Ankush Kamboj 
a++

, Kiran K. Khokhar 
b#*

, Mehar Chand 
c†

, 
Vikas 

a‡
, Satender Kumar 

a
, Udaypal Singh 

d^ 

and Mamta Rani 
e++

 
 

a 
Department of Soil Science, CCS Haryana Agricultural University, Hisar, India. 

b
 Krishi Vigyan Kendra (Karnal), CCS Haryana Agricultural University, Hisar, India. 

c 
Department of Agronomy, CCS Haryana Agricultural University, Hisar, India. 

d 
Department of Agronomy, Lovely Professional University, Punjab, India. 

e 
Department of Botany, Panjab University, Chandigarh, India. 

  
Authors’ contributions  

 
 This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: 10.9734/IJPSS/2023/v35i12709 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer 

review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/95884 

 
 

Received: 25/11/2022 
Accepted: 30/01/2023 
Published: 01/02/2023 

 
 

 

Original Research Article 



 
 
 
 

Kamboj et al.; Int. J. Plant Soil Sci., vol. 35, no. 1, pp. 34-46, 2023; Article no.IJPSS.95884 
 

 

 
35 

 

ABSTRACT 
 

Present investigation was carried out at Regional Research Station, Uchani (Karnal) of CCS 
Haryana Agricultural University, Hisar, India during 2020-21 to assess the effect of method and 
schedule of fertilizer application on growth, yield attributes and cane yield of summer planted 
sugarcane (Saccharum officinarum L.) crop under wide spacing (120 cm). The experiment was 
arranged in split plot design with two methods of fertilizer application (B1-broadcasting and B2- 
band placement) as main plot treatments and four sub plot treatments which include application of 
recommended dose of N and K fertilizer (RDF) in different number of splits at different no. of days 
after planting (DAP) i.e. T1 (five splits), T2 (six splits), T3 (seven splits) and T4 (three splits). 
Results concluded that majority of growth parameters, yield attributes and cane yield were 
significantly affected by both main and sub plot treatments at different stages of crop growth period. 
Treatment B2 registered significantly higher tiller population (110.59 and102.68 000 ha

-1
 at 60 and 

120 DAP respectively), plant height (91.16, 141.18, 400.12 and 412.13 cm at 60, 120, 180 and 240 
DAP respectively), no. of millable canes (NMC) (100.79 and 96.58 000 ha

-1
 in mid-September and 

at harvesting respectively) cane length (234.64 cm at harvesting) and cane yield (93.16 t ha
-

1
)compared to B1. Among sub plot treatments, T1 outperformed all the other treatments in terms of 

growth, yield attributes and cane yield. Treatment T1 registered maximum plant height (150.43, 
411.0 and 427.45 cm at 120, 180 and 240 DAP respectively), tiller population (104.72 000 ha

-1
 at 

120 DAP), NMC (102.06 and 95.20 000 ha
-1

 in mid-September and at harvesting respectively) and 
cane yield (94.83 t ha

-1
). Germination percentage, cane girth, no. of internodes per cane and length 

of internodes was not significantly affected either by main or sub plot treatments. 
 

 

Keywords: Split application; band placement; broadcasting; cane yield; growth. 
 

1. INTRODUCTION 
 

Sugarcane (Saccharum officinarum) is a widely 
cultivated commercial crop in the world with 
distribution spanning in more than 109 countries 
covering 26.9 million hectares (M ha) area 
worldwide. It is the most preferred field crops of 
tropical areas [1] owing to its ability to grow on a 
variety of soils which can retain moisture under 
hot and humid climate as a prerequisite. A 
member of the Gramineae family with New 
Guinea credited as its centre of origin, 
Saccharum officinarum and its hybrids 
contributes to 70% of the sugar produced 
globally. It is a principal cash crop of India and 
employs about one million people directly or 
indirectly. More than 45 million sugarcane 
growers in India, and about 65% of the rural 
population depend on this agro-based industry 
[2]. It provides significant supports to the national 
economy through the export of its processed 
products especially white sugar.  
 

Brazil was the largest producer of sugarcane in 
world in 2018 producing of 758.5 million tons of 
total sugarcane followed by India which produced 
306.1 million tons. In terms of area harvested in 
2017 again Brazil stood at top spot with an area 
of 10.1 million hectares followed by India which 
occupies an area of 4.3 million hectares under 
sugarcane crop [3]. In India, Uttar Pradesh has 
highest area under sugarcane cultivation. As of 

2017-18, it covers approximately 0.11 million 
hectares of area in Haryana while the average 
production stood at 8.72 million tonnes in same 
year. Average productivity of sugarcane has 
been estimated to be 76.6 t ha

-1
 in 2015-16 

which has surpassed the national average [4]. 
 
Sugarcane is a long-duration, exhaustive crop 
and requires high amounts of macro as well as 
micro-plant nutrients [5]. It is known as heavy 
feeder and to produce 100 t of biomass from 
1 ha, it depletes 140, 34 and 332 kg of N, P and 
K ha

−1
, respectively, from soil [6]. Chemical 

fertilizers are among the crucial inputs to satisfy 
nutrient requirement of crops for obtaining           
high yield in modern crop production. High 
requirement of plant nutrient limits the crop yield 
due to scarcity of fertilizers [7]. Similarly, 
spiralling prices along with a short availability of 
fertilizers in peak season [8] cause depletion of 
plant nutrients from the soil [9,10]. Therefore, 
appraisal in the productivity demands adoption of 
effective nutrient management techniques to 
satisfy crop nutritional demand during the active 
growth stages. 4R nutrient stewardship approach 
may serve as a guide for the effective 
implementation of these techniques. The concept 
of this approach is based on application of right 
source of nutrient at right rate and time and in the 
right place. Suitable methods of fertilizer 
application determine the productivity of crop to a 
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great extent by employing judicious use of 
available resources like nutrients, sunlight, water 
etc. Row spacing along with planting method 
accounts for most critical yield contributing 
factors in sugarcane [11]. 
 

The most common practice of applying fertilizers 
in sugarcane is broadcasting which utilizes only 
20-30% of P andK, and 40–50% of N. Placement 
of fertilizer in bands enhances the concentration 
of nutrients in specific zones which lowers the 
risk of fixation in case of P and K and 
volatilization and leaching losses of N thereby 
increases their availability to the plants. For 
maximum efficiency of applied fertilizer, it is 
essential to direct the flow of nutrients to the 
roots of the plants at a rate which is sufficient for 
maximum uptake [12]. Along with method of 
fertilizer application, timing of delivering of N 
fertilizer to plants is also the most critical factor 
which determines the final yield. A judicious N 
application is of paramount importance for high 
production. Deficiency of this nutrient in the agro-
ecosystem frequently reduces crop growth and 
yield [13]. Nitrogen management for sugarcane 
enhances plant height, stem diameter, and the 
number of tillers, parameters that are closely 
related to crop yield. Maximizing the availability 
of N during the active growth period of crop by 
establishing a synchrony between crop nutrition 
demand and supply enhances the chances of 
improving yield [14]. The present study aims to 
explore the role of both timing and method of 
fertilizer application in developing effective 
precision nutrient management strategies. 
 

2. MATERIALS AND METHODOLOGY 
 

2.1 Experimental Site and Climate  
 

Field experiment was conducted at Regional 
Research Station, CCS Haryana Agricultural 
University, Karnal located at latitude of 
29

o
43’42.19” N and longitude of 76

o
58’49.88” E 

and at an altitude of 253 meters above mean sea 
level. It is roughly equidistant and almost midway 
from New Delhi and Chandigarh.  

The climate is sub-tropical with mean maximum 
temperature ranging between 34-39

o
C in 

summer and mean minimum temperature 
ranging between 6-7

o
C in winter. Most of the 

rainfall is received during the months of July to 
September and few showers during December to 
late spring. 
 

2.2 Soil of Experimental Plot 
 
The field at Regional Research Station, 
CCSHAU, Karnal selected for conducting the 
experiment was uniform in fertility gradient. Initial 
soil fertility status of experimental field was 
determined prior to planting of crop, for which 
four representative soil samples were collected 
randomly from the entire field at a depth of 0-30 
cm before implementing the final layout of 
experiment. The analysis was carried out by 
strictly following established protocols and 
standard procedures. From the interpretation of 
results obtained after soil analysis, it was 
interpreted that soil exhibited clay loam texture, 
alkaline in reaction, medium in OC content, low 
in available N and medium in P and K                   
content.  
 

2.3 Treatments and Layout of the 
Experiment 

 
The experiment was arranged in Split Plot 
Design with three replications. The experiment 
was designed with two main plots (Mode of 
fertilizer application i.e. Broadcasting and Band 
Placement) and four sub-plots (No. of split 
application i.e. 5, 6, 7 and 3 splits). The details of 
experiment are given below: 
 

2.4 Treatment Details 
 
2.4.1 Main plot treatments (two): Methods of 

fertilizer application 
 

B1:  Broadcasting 
B2:  Band placement 

 
2.4.2 Sub plot treatments (four) 
 

Chart 1. Number of splits of recommended dose of fertilizer 
  
T1 

 
Recommended dose of N and K in five splits (Basal 10% and remaining dose at 45, 75, 90 and 120 
DAP) 

T2 Recommended dose of N and K in six splits (Basal 10% and remaining dose at 45, 75, 90, 120 and 150 
DAP) 

T3 Recommended dose of N and K in seven splits (Basal 10% and remaining dose at 45, 75, 90, 120, 150 
and 180 DAP) 

T4 Recommended dose and schedule of nutrient applications (Half of total N and full dose of P and K at 
planting and rest of the N at 45 and 90 DAP) 
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2.5 Plant Growth Parameters 
 
The values of following growth parameter were recorded at different stages of crop growth according 
to schedule to test the influence of different treatments on crop growth and development. 
 

2.6 Germination Percentage (%) 
 
Each set used for planting contained two matured buds. Number of buds germinated was counted at 30 
and 45 days after planting and the germination percentage was determined by dividing the total number 
of buds germinated per plot and total number of buds planted per plot. 
 

 
 
2.6.1 Plant height (cm) 
 
Plant height in a plot was recorded by taking the 
average of heights of five randomly selected 
plants, one in each row except in 1

st
 and last row 

to avoid any border effect. The height of each 
selected plant was measured from base to tip of 
the plant. The observations for plant height were 
recorded at 60, 120, 180 and 240 DAT. 
 
2.6.2 Number of tillers (000 ha

-1
) 

 
Tiller population was recorded by counting total 
number of tillers per plot and then it was 
converted into 000' ha

-1 
using the following 

formula: 
 

 
 

2.7 Yield Attributes 
 
2.7.1 Number of millable canes (000 ha

-1
) 

 
Number of millable canes (NMC) was recorded in 
September and at harvesting by counting the 
number of canes of more than 1 m length per 
plot and converted into NMC 000 ha

-1 
using the 

formula:    
 

  
 

2.7.2 Cane girth (cm) 
 

Cane girth of a plot was calculated by taking 
average of individual cane girths of five randomly 
selected canes at the time of harvesting. Cane 
girth of an individual cane was measured at two 
positions i.e., bottom and top by using vernier's 

caliper and average of these two positions is 
taken as final girth of whole cane. 
 

2.7.3 Number of Internodes per cane 
 

Five canes were randomly selected one from 
each a row except 1

st 
and last row in a plot to 

avoid border effect and number of internodes per 
each cane were calculated by counting number 
of internodes from base to top node of that 
respective cane. Their average is taken to 
represent number of internodes per cane per 
plot. 
 

2.7.4 Length of Internodes (cm) 
 

Length of an individual internode of a cane was 
calculated by dividing the cane length by number 
of internodes in that respective cane. The 
average of internodes lengths of five randomly 
selected canes each from a row except 1

st 
and 

last in a plot represents length of internodes of 
cane in that respective plot. 
 

2.7.5 Single cane weight (kg) 
 

Single cane weight in a plot was recorded by 
taking average weight of five randomly selected 
canes one from each plant row except 1

st 
and 

last row to nullify any border effect. 
 

2.7.6 Cane yield (t ha
-1

) 
 

Cane yield was recorded by taking total weight of 
all the canes in a plot after stripping and 
removing immature internodes and then 
converting the cane yield obtained per plot using 
the formula mentioned below:  
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2.8 Statistical Analysis 
 
Statistical analysis was carried out by employing 
OPSTAT software tool developed by Dept. of 
Statistics, CCS Haryana Agricultural University. 
Critical Difference (CD) at 5% level of 
significance was worked out through two-way 
Analysis of Variance (ANOVA). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effects of Different Treatments of 
Fertilizer Application on Growth 
Parameters 

 
Sugarcane crop growth is predominantly 
represented by parameters including germination 
percentage, shoot population, plant height, 
number of tillers and dry matter accumulation. 
 

3.1.1 Germination percentage 
 

Germination of crop recorded at 30 and 45 DAP 
(Table 1) was not significantly influenced either 
by method of fertilizer application or number of 
splits of fertilizer applied which can be attributed 
to the non-critical role of soil nutrients for 
germination as reserved sucrose present in 
planted sets assumed the role root development 
as argued by Gana [15]. Among main plot 
treatments, slightly higher germination 
percentage (43.07 %) was registered in band 
placement method (B2) of fertilizer application 
than broadcast method (B1) in which 42.79 % 
germination was observed. 
 

Among the number of splits, highest germination 
percentage (43.34 %) was observed in 5 splits 
(T1), followed by 7 splits (T3), 6 splits (T2) and 3 

splits (T4) in which 42.99, 42.77 and 42.62 % 
germination was observed respectively. Similar 
trend was observed for the germination percent 
at 45 DAP. Although, variation was observed 
among all the treatments but the difference was 
statistically non- significant. Germination percent 
showed an increasing trend from 30 DAP till 45 
DAP. These findings are consistent with the 
results obtained from similar studies conducted 
by Gana [15]. Moreover, germination depends on 
a number of factors as suggested by Nalawade 
et al. (2018), which comprise of climatic 
conditions, seed quality, health and rate, layout 
and spacing, bud position, soil moisture and 
temperature etc. which were similar for all the 
treatments resulting in almost uniform 
germination in all the treatments. 
 
The interaction between methods of fertilizer 
application and number of split doses was found 
to be non-significant. 
 
The non-significant influence of the sub and main 
plot treatments on germination can be attributed 
to the non-critical role of soil nutrients for 
germination as reserved sucrose present in 
planted sets assumed the role root development.  
 
3.1.2 Plant Height  
 
Significantly higher growth in the height of plants 
under B2 at 60(91.16 cm), 120(141.18 cm), 
180(400.12 cm) and 240 (412.13 cm) days after 
tillering (DAT) was observed compared to that 
under B1. Placement of fertilizer in proximity of 
roots may have led to enhanced availability of 
added nutrients to plants under B2. Banding of 
fertilizers might also had prevented the fixation P 
and K and volatilization losses of N by reducing

 
Table 1. Effect of different methods of fertilizer application and numbers of splits of N and K on 

germination percentage and shoot population of sugarcane crop 
 
Method of fertilizer application                       Germination Percentage 

30 DAP 45 DAP 

B1-Broadcasting 42.79 44.57 
B2- Band Placement  43.07 46.05 
SEm± 0.72 0.35 
CD (p=0.05) NS NS 

Number of splits of N and K   

T1-5splits 43.34 45.29 
T2-6 splits 42.77 47.27 
T3-7splits 42.99 44.49 
T4-3splits 42.62 44.19 
SEm± 0.44 1.39 
CD (p=0.05) NS NS 
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the soil-fertilizer contact to minimum and 
negligible exposure of fertilizer to surface which 
ultimately resulted in better uptake and 
augmentation of plant height. Similar findings are 
also documented by Gana [15], Choudhary et al. 
[16], Prasertsak et al. [17], and Rehim et al. [18] 
in sugarcane. 
 
Effect of application of fertilizer in different no. of 
splits on plant height of sugarcane crop was also 
evident from the data Table 2. At 60 DAT, 
maximum plant height was recorded under T4 
(100.41 cm) can be attributed to application of 
higher amount of applied N initially in the first 
split of this treatment compared to others. This 
observation is in congruence with the findings of 
Tadesse [19]. T1 (94.38 cm)was statistically 
similar to T4.Maximum plant height at 120 
(150.43 cm), 180 (411.0 cm) and 240 (427.25 
cm) DAT was recorded under T1which might be 
due to development of synchrony between plant 
nutritional needs and its higher availability as a 
result of split application of fertilizer. This 
increased the number of internodes and length of 
internodes while at the same time each split of 
T1 contained more fertilizer than the splits of T2 
and T3. Similar observations were made by 
Wubale and Girma [20] and Sime [21].  
Moreover, the whole amount of fertilizer in T1 
was disbursed during the active growth period of 
crop (before 135 DAP) resulting in its effective 
utilization. Application of remaining splits of 
fertilizer at grand growth stage in T2 and T3 at 
150 and 180 DAP were not efficiently used by 
crop. These findings are in corroboration with 
those of Esther [22]. 
 
Minimum plant height was observed by T4 at 120 
(126.28 cm), 180 (379.03 cm) and 240 (382.73 
cm) DAT. Maximum expansion in plant height 
was between 120 and 180 DAT. The interaction 

effect was found non- significant between 
methods of fertilizer application and number of 
splits at all growth stages. 
 
3.1.3 Number of tillers  
 
Ttiller population was significantly influenced 
both under main plot and sub plot treatments 
(Table 3)Tiller population under B2 at 60 (110.59 
000 ha

-1
) and 150 DAP (102.68 000 ha

-1
) was 

remarkably higher than B1 due to vigorous root 
growth because of abundant supply of N, P and 
K from the nearby fertilizer granules applied in 
bands close to plant rows as suggested by Gana 
[15] and Rehim et al. [18]. Although total number 
of tillers decreased from 102.54 to 95.25 000 ha

-1
 

in B1 and 110.59 to 102.68 000 ha
-1
 in B2during 

crop growth period between 60 to 150 DAP.  
 
Among the sub plot treatments significant higher 
tiller population was registered under T4 (111.10 
000 ha

-1
) at 60 DAP compared to all other 

treatments except T1 which was at par with T4. 
Significantly lower tiller population (100.44 000 
ha

-1
) was recorded under T3 compared to all 

other treatments. At 150 DAP, significantly higher 
tiller population (104.72 000 ha

-1
) was observed 

under T1compared to all other treatments and 
lowest tiller population (93.00 000 ha

-1
) was 

recorded under T4. T2 and T3 were at par with 
each other. Higher tiller count at 60 DAP in T4 
might be due to higher supply of N and K as it 
received more than half of RDF in first two splits 
before 60 DAP compared to other treatments 
while maximum tiller population in T1 at 150 DAP 
may be due the reason that in this treatment crop 
received whole RDF during active growth stage 
upto 120 DAP in different splits which coincided 
with its growth requirements and its proper 
utilization resulted in higher vegetative growth 
and tiller count [23,16]. 

 
Table 2. Effect of different methods of fertilizer application and numbers of splits of N and K on 

plant height of sugarcane crop 
 

Methods of fertilizer application Plant Height (cm) 

 60 DAT 120 DAT 180 DAT 240 DAT 

B1- Broadcasting 87.75 133.49 389.27 400.16 
B2- Band Placement 91.16 141.18 400.12 412.13 
SEm± 0.13 0.83 1.02 1.54 
CD (p=0.05) 0.90 5.48 6.69 10.08 

Number of splits of N and K     

T1-5 splits 94.38 150.43 411.0 427.45 
T2-6 splits 83.28 137.46 397.01 410.73 
T3 -7splits 79.76 135.16 391.75 403.68 
T4-3 splits 100.41 126.28 379.03 382.73 
SEm± 2.60 2.46 2.34 2.94 
CD (p=0.05) 8.12 7.66 7.301 9.17 
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Fig. 1. Effect of different methods of fertilizer application and numbers of splits of N and K on 

plant height of sugarcane crop 
 
Table 3. Effect of different methods of fertilizer application and numbers of splits of N and K on 

numbers of tillers of sugarcane crop 
 
Methods of fertilizer application Number of tillers ( 000 ha

-1
) 

 60 DAP 150 DAP 

B1- Broadcasting 102.54 95.25 
B2- Band Placement 110.59 102.68 
SEm± 0.73 0.61 
CD (p=0.05) 4.75 4.03 

Number of splits of N and K   

T1-5 splits 108.80 104.72 
T2-6splits 105.93 100.11 
T3-7 splits 100.44 98.05 
T4-3 splits 111.10 93.00 
SEm± 0.90 0.80 
CD (p=0.05) 2.83 2.51 

 

 
 

Fig. 2. Effect of different methods of fertilizer application and numbers of splits of N and K on 
numbers of tillers of sugarcane crop 
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3.2 Effects of Different Treatments of 
Fertilizer Application on Yield 
Attributes and Yield  

 

3.2.1 Number of millable canes  
 

Number of millable canes (NMC) is one of the 
most decisive characters responsible for 
sugarcane yield and was highly influenced by 
both main and sub plot treatments. Significantly 
higher NMC were produced under B2in mid 
September (100.79000 ha

-1
)and at the time of 

harvesting (96.58 000 ha
-1

)compared to B1 
(Table 4) which can be ascribed to reduced 
losses of applied N though ammonia 
volatilization thereby allowing the assimilation of 
larger portion of N fertilizer which resulted in 
improved cane population [24,16,17]. 
 

Among sub plot treatments, T1 produced 
significantly higher NMC mid-September (102.06 

000 ha
-1

) and at harvesting(95.20 000 ha
-1

) 
compared to all other treatments which may be 
credited to continuous supply of nutrients in 
adequate proportion at specified growth stages 
before 135 DAP during the active growth period. 
Providing whole amount of RDF in active growth 
stage during tillering might have manifested in 
higher NMC which was further improved by 
positive interactions of N with P and K. T4 
produced significantly lower NMC compared to 
other treatments. T2 and T3 were statistically at 
par with each other. Application of fertilizer in 
splits at and after 150 DAP in T2 and T3 did not 
necessarily culminate in higher NMC. Similar 
results were have been recorded by Madhu et 
al. [24], Saleem et al. [25], Esther [22] and 
Shukla [26] also the interaction between the 
methods of fertilizer application and number of 
splits was found to be non-significant in 
influencing the NMC. 

 
Table 4. Effect of different methods of fertilizer application and numbers of splits of N and K on 

NMC and cane yield of sugarcane crop 
 

Methods of fertilizer application NMC (000 ha
-1

) Cane Yield (t ha
-1

) 

 September At Harvest At Harvest 

B1- Broadcasting 93.16 88.84 85.88 
B2- Band Placement 100.79 96.58 93.16 
SEm± 0.77 0.68 0.69 
CD (p=0.05) 5.08 4.87 4.53 

Number of splits N and K    

T1-5 splits 102.06 95.20 94.83 
T2 -6splits 98.49 93.96 90.85 
T3-7splits 96.31 92.05 88.88 
T4 -3splits 91.04 86.53 83.52 
SEm± 0.71 0.64 0.67 
CD (p=0.05) 2.23 2.23 2.10 

 

 
 
Fig. 3. Effect of different methods of fertilizer application and numbers of splits of N and K on 

numbers of millable cane of sugarcane crop 
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3.2.2 Cane yield (t ha
-1

)  
 

Cane yield is the resultant of all the yield 
attributes and was significantly influenced both 
under main and sub plot treatments. Among 
main plot treatments, significantly higher cane 
yield was registered underB2(93.16 t ha

-1
) than 

B1(85.88 t ha
-1

).might be due to uninterrupted 
supply of applied nutrients in the vicinity of roots 
which ameliorated the nutrient stress and 
resulted in efficient acquisition of nutrients by the 
sugarcane crop. Efficient translocation of 
nutrients to leaves after rapid absorption 
consecutively raised the rate of crop 
development by increasing NMC and ultimately 
cane yield. The less cane yield obtained in B2 
might be associated with the wastage of applied 
N through ammonia volatilization and 
denitrification losses coupled with fixation of 
applied P and K rendering them less available to 
plant. Similar results have also been reported by 
Madhu et al. [24], de Castro et al. (2016), 
Chaudhari et al. (2010), Oliveira et al. [27] and 
Zambrosi [28] in their research findings. 
 

Among the sub plot treatments, maximum cane 
yield (94.83 t ha

-1
) was recorded under T1 than 

tall other treatments.T1 produced 4.3, 6.6, 13.5 
% higher cane yield than T2, T3, and T4 
respectively. Higher yield in T1 may be due to 
higher NMC, cane length, girth and weight 
(Nassar et al., 2005); [12] as a result of 
establishment of perfect synchrony between 
nutrient delivery and cop demand throughout its 
life cycle [29]. Disbursing whole amount to 
fertilizer upto 120 DAP which is active growth 
period induced profuse tillering and its further 
translation into higher NMC might have leadto 
higher cane yield [24,22]. Treatments T2 (90.85 t 
ha

-1
) and T3 (88.88 t ha

-1
) were statistically at par 

with each other while minimum cane yield was 
recorded with treatment T4 which might be due 
to early application of whole fertilizer amount 
which caused its non-availability in later stages 
due to leaching or volatilization [25]. Interaction 
between methods of fertilizer application and 
number of splits was found to be significant. 
 

3.2.3 Cane Length  
 

Cane length is the distance between the base of 
cane to the topmost matured inter-node. A small 
variation in individual cane length can cause a 
noticeable change in overall cane yield. Cane 
length under B2 (234.64 cm) was significantly 
higherthan B1(222.35 cm) which may be due to 
reduction of losses due to volatilization of N and 
fixation P respectively which in turn instigated 

more availability of applied N and P in the 
neighborhood of roots [16]. 
 

Among the sub plot treatments receiving RDF in 
different number of splits, treatment T1(240.90 
cm) outperformed all other treatments and 
produced significantly taller canes compared to 
other treatments. The canes produced in T1 
were 4.71, 6.65 and 10.93 percent lengthier than 
cane produced in treatments T2 (230.06 cm), T3 
(225.86 cm) and T4 (217.15 cm), respectively. 
T3 and T2 were statistically at par with each 
other. More harmonized supply of nutrients 
according to crop demand in T1 may have 
elevated the crop growth rate which further 
resulted in increased internode length leading to 
lengthier canes [25]. These findings have also 
been recorded by Esther [22]. The interaction 
between the methods of fertilizer application and 
number of splits was found to be non-significant 
in influencing the cane length. 
 

3.2.4 Cane girth  
 

Cane girth refers to the average circumference 
of cane and the data pertaining to cane girth 
(Table 5) It is clear from data that cane girth is 
not significantly affected either main or sub plot 
treatments. Maximum values of cane girth were 
observed in B2 and T4 in main and sub plot 
treatments respectively which may be due 
presence of applied nutrients in abundance 
during the cane formation leading to higher crop 
growth rate [25] but it was not sufficient enough 
to significantly manipulate the values of cane 
girth from other treatments [22]. Contrasting 
observations were registered by Choudhary et 
al. [16]. 
 

3.2.5 Number of internodes 
 

Inter-node refers to a portion of cane between 
two nodes and number of internodes directly 
influences cane length. Number of internodes per 
cane was counted at harvesting and data 
obtained (Table 5) revealed that it was not 
significantly affected by either main or sub plot 
treatments. Numerically higher values were 
recorded in B1 and T1 among main and sub plot 
treatments respectively. May be due to greater 
availability of nutrients in B1due to banding and 
compatibility of nutrient supply according to crop 
demand in T1. However, effect of treatments 
was not large enough to significanty increase 
number of internodes than other treatments. 
Similar findings were recorded by Esther [22] 
and Legesse et al. [30].  Interaction between 
methods of fertilizer application and number of 
splits was non- significant. 
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Table 5. Effect of different methods of fertilizer application and numbers of splits of N and K on 
yield attributing characters of sugarcane crop 

 
Method of fertilizer 
application 

Cane Length 
(cm) 

Cane Girth 
(cm) 

Number of  
Internodes 

Length of  
Internodes  
(cm) 

Single Cane  
Weight 
(kg) 

B1  Broadcasting 222.35 2.47 16 13.83 1.022 
B2Band placement 234.64 2.54 17 13.85 1.028 
SEm± 1.04 0.02 0.15 0.14 0.001 
CD (p=0.05) 6.83 NS NS NS 0.004 

Number of splits of N 
and K 

     

T1-5 splits 240.90 2.53 17 13.92 1.032 
T2 -6 splits 230.06 2.44 16 13.81 1.023 
T3 -7 splits 225.86 2.48 16 13.78 1.025 
T4-3 splits 217.15 2.56 15 13.85 1.020 
SEm± 2.45 0.04 0.48 0.29 0.001 
CD (p=0.05) 7.64 NS NS NS 0.004 

  

 
 
Fig. 4. Effect of different methods of fertilizer application and numbers of splits of N and K on 

cane yield of sugarcane crop 
 
3.2.6 Length of inter-node  
 
Length of inter-node refers to distance between 
two consecutive nodes on stem. It was recorded 
at harvesting and it can be inferred from the it 
was not significantly affected either by methods 
of fertilizer application or number of splits. Higher 
length of internodes under B2 (13.85 cm) and T1 
(13.92 cm)were recorded among main and sub 
plot treatments. It can be attributed to higher 
nutrient absorption and crop growth rate due to 
effective nutrient management techniques 
resulting in elongated internodes [25]. However, 
treatments failed to exert significant affect on 
length of internodes with respect to other 
treatments. These findings are in consonance 
with Esther [22] and Legesse et al. [30]                       
while conflicting observations were recorded by 

Choudhary et al. [16]. Interaction between               
main and sub plot treatments was non                                     
-significant. 
 
3.2.7 Single cane weight  
 
Average single cane weight was recorded at 
harvesting and the data obtained (Table 5) points 
out that among main plot treatments significantly 
higher single cane weight was registered under 
B2 (1.028 kg) than tB1 (1.022 kg).According to 
Orgeron et al. [31] and Nosheen and Ashraf [32], 
cane weight is the resultant of cane length and 
thickness both of which experienced an 
improvement with greater diversion of                  
nutrients to crop through banding in B2,                        
consecutively resulting in higher cane                                         
weight [16]. 
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Among the sub plot treatments, maximum single 
cane weight was recorded with treatment T1 
(1.032 kg). Treatments T2 (1.023 kg) and T3 
(1.025kg) were statistically at par with each other 
although single cane weight recorded by these 
two treatments was higher than T4(1.020 kg). 
More and continuous supply of fertilizers 
especially N during active and early grand growth 
stage in T1 might have resulted in intimate 
synchronization of nutrient availability and crop 
demand. As a consequence, photosynthetic 
activity may have raised leading to simultaneous 
accumulation of more food material [33] which 
increased cane length and girth and ultimately 
cane weight. Interaction between methods of 
fertilizer application number of splits was found to 
be non significant. 
 

4. CONCLUSION 
 
Based on the performance of different main and 
sub plot treatments it can be concluded that band 
placement of fertilizer has a more pronounced 
effect on growth, yield attributes as compared to 
broadcasting method of fertilizer application 
which ultimately influence the cane yield in a 
positive manner. Application of fertilizer in five 
splits outperformed all the other sub plot 
treatments which emphasize that schedule of 
fertilizer application should be such that majority 
of nutrient supply falls under active growth period 
of the crop to establish a perfect synchrony 
between crop nutritional demand and supply 
through fertilizers. Increasing the number of splits 
of RDF to supply nutrients at later stages of crop 
growth is not helpful in improving productivity as 
majority of  nutrient absorption occurs at active 
growth stage (45 DAP to 150 DAP). 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Thorburn PJ, Biggs JS, Webster AJ, Biggs 

IM. An improved way to determine nitrogen 
fertiliser requirements of sugarcane crops 
to meet global environmental 
challenges. Plant Soil. 2011;339(1-2):51-
67.  
DOI: 10.1007/s11104-010-0406-2. 

2. Dotaniya ML, Datta SC, Biswas DR, 
Dotaniya CK, Meena BL, Rajendiran S et 
al. Use of sugarcane industrial by-products 
for improving sugarcane productivity and 

soil health. Int J Recy Org Waste Agric. 
2016;5(3):185-94.  
DOI: 10.1007/s40093-016-0132-8 

3. FAOSTAT. UN Food and Agriculture 
Organization Corporate Statistical 
Database; 2019.  
Available:http://www.fao.org/faostat/en/#da
ta/QC. 

4. Anonymous. Comprehensive 
recommendations of kharif crops. Hisar: 
Chaudhary Charan Singh Haryana 
Agricultural University. 2018;96. 

5. Paul GC, Bokhtiar SM, Rahman H, Kabiraj 
RC. Efficacies of some organic fertilizers 
on sustainable sugarcaneproduction in old 
Himalayan piedmont plain soil of 
Bangladesh. Pak Sugar J (Pak). 2005;20 
(1):2-5. 

6. Bokhtiar SM, Paul GC, Rashid MA, Mafizur 
Rahman ABM. Effect of press mud and 
inorganic nitrogen on soil fertility and yield 
of sugarcane grown in High Ganges River 
Floodplain soils of Bangladesh. Indian 
Sugar. 2001;51(4):235-41. 

7. Gholve SG, Kumbhar SG, Bhoite DS. 
Recycling of various conventional and 
nonconventional organic sources in adsali 
sugarcane (Saccharum officinarum l) 
planted with different planting patterns. 
Indian Sugar. 2001;51(1):23-7. 

8. Khandagave RB. Influence of organic and 
inorganic manures on sugarcane and 
sugar yield. In: Proceedings of the 64th 
annual convention of the Sugar 
Technologists’ Association of India, 
Cochin, Kerala, India, 17th-19th August, 
2002. Sugar Technologists’ Association of 
India; 2002. 

9. Ibrahim M, Hassan A, Iqbal M, Valeem EE. 
Response of wheat growth and yield to 
various levels of compost and organic 
manure. Pak J Bot. 2008;40(5):2135-41. 

10. Sarwar G, Schmeisky H, Hussain N, 
Muhammad S, Ibrahim M, Safdar E. 
Improvement of soil physical and chemical 
properties with compost application in rice-
wheat cropping system. Pak J Bot. 2008; 
40(1):275-82. 

11. Ullah S, Anjum SA, Raza MM, Riaz A, 
Abbas A, Yousif MM et al. Optimizing row 
spacing to ameliorate the productivity of 
spring sugarcane (Saccharum officinarum 
L.). Agric Sci. 2016;7:531-8. 

12. Mandal S, Thakur TC. Effect of subsoiling, 
deep and differential rate placement of 
fertilizer on sugarcane crop response. J 
Agric Eng. 2010;47(1):9-13. 

https://doi.org/10.1007/s11104-010-0406-2
https://doi.org/10.1007/s40093-016-0132-8


 
 
 
 

Kamboj et al.; Int. J. Plant Soil Sci., vol. 35, no. 1, pp. 34-46, 2023; Article no.IJPSS.95884 
 

 

 
45 

 

13. Hawkesford MJ, Barraclough P. An 
overview of nutrient use efficiency and 
strategies for crop improvement. The Mol 
Physiol Basis Nutr Use Effic Crops. 
2011:3-19. 

14. Otto R, Souza-Netto GJM, Ferraz-Almeida 
R, Atarugio LM, Favarin JL. Multisite 
response of sugarcane to nitrogen rates 
and split application under Brazilian field 
conditions. Soil Fertil Crop Nutr. 2020;113 
(1):419-35. 

15. Gana AK. Appropriate method for organic 
manure application for higher sugarcane 
yield in Nigeria. J Agric Technol. 2011;7 
(6):1549-59. 

16. Choudhary RL, Wakchaure GC, Minhas 
PS, Singh AK. Response of ratoon 
sugarcane to stubbble shaving, off-baring, 
root pruning and band placement of basal 
fertilizers with a multi-purpose drill 
machine. Sugar Tech. 2016;19:33-40. 

17. Prasertsak P, Freney JR, Denmead OT, 
Saffigna PG, Prove BG, Reghenzani JR. 
Effect of fertilizer placement on nitrogen 
loss from sugarcane in tropical 
Queensland. Nutr Cycl Agrosyst. 2012;62: 
229-39. 

18. Rehim A, Hussain M, Hussain S, Noreen 
S, Doğan H, Zia-ul-haq MZU et al. Band-
application of phosphorus with farm 
manure improves phosphorus use 
efficiency, productivity, and net returns of 
wheat on sandy clay loam soil. Turk J 
Agric For. 2016;40:319-26.  
DOI: 10.3906/tar-1505-133. 

19. Tadesse N. Effect of rate and time of 
nitrogen application on growth parameters 
and quality of setts of seed cane plants of 
sugar cane at Wonji- Shoa [M.Sc. thesis]. 
Alemaya: Alemaya University; 1993. 

20. Wubale T, Girma A. Effect of rate and time 
of nitrogen application on growth and 
quality of seed cane produced from tissue 
cultured plantlets at Tana Belies sugar 
development project, Ethiopia. Int J Compr 
Res Biol Sci. 2018;5(3):23-32. 

21. Sime M. Effect of different nitrogen rates 
and time of application in improving yield 
and quality of seed cane of sugarcane 
(Saccharum spp. L.) variety. Int J Sci Res 
Publ. 2013;3(1):1-7:B41/227. 

22. Esther Shekinah D. Relative significance 
of N nutrition on biomass, yield and 
economics of sugarcane (Saccharum 
officinarum) plant ratoon system. 
Sugarcane J. 2016;16:1-11. 

23. Sreewarome A, Saensupo S, Prammanee 
P, Weerathworn P. Effect of rate and split 
application of nitrogen on agronomic 
characteristics, cane yield and juice 
quality. In: Proceedings of the International 
Society of Sugar Cane Technologists. 
2007;26:465-9. 

24. Madhu G, Halikatti SI, Khandagave RB. 
Fertilizer placement methods, levels and 
splitting of potassium in sugarcane to 
maximize cane yield in Northern 
Transitional Zone of Karnataka. J Farm 
Sci. 2018;31(3):275-9. 

25. Saleem MF, Ghaffar A, Anjum SA, 
Cheema MA, Bilal MF. Effect of nitrogen 
on growth and yield of sugarcane. J Am 
Soc Sugarcane Technol. 2012;32:75-93. 

26. Shukla SK. Productivity and economics of 
higher sugar genotypes of sugarcane 
(Saccharum officinarum hybrid complex) in 
plant-root systems under various planting 
seasons and fertility levels. Indian J Agron. 
2007;52:164-7. 

27. Oliveira FM, Pinheiro IO, Souto-Maior AM, 
Martin C, Gonçalves AR, Rocha GJ. 
Industrial-scale steam explosion 
pretreatment of sugarcane straw for 
enzymatic hydrolysis of cellulose for 
production of second generation ethanol 
and value-added products. Bioresour 
Technol. 2013;130:168-73.  
DOI:10.1016/j.biortech.2012.12.030, PMID 
23306125 

28. Zambrosi FCB. Phosphorus fertilization in 
sugarcane ratoon and its interaction with 
magnesium. Bragantia. 2012;71(3):400-5.  
DOI: 10.1590/S0006-87052012005000029 

29. Madhu G, Halikatti SI, Khandagave RB, 
Potdar MP. Effect of methods of fertilizer 
applications, fertilizer levels and split 
application of potassium on available 
nutrient status and nutrient use efficiency 
in sugarcane. Int J Chem Stud. 2017;5 
(6):1043-51. 

30. Legesse D, Legesse H, Geleta N. Effects 
of blended fertilizer rate and time of 
application on growth and yield of 
sugarcane ratoon crop at Arjo-Sugar 
factory, Western Ethiopia. Sci Technol Arts 
Res J. 2016;5(1):1-8.  
DOI: 10.4314/star.v5i1.1 

31. Orgeron AJ, Robert TJ, Gravois KA, 
Garrison DD, Jackson WR, Waguespack 
Jr HL. Louisiana sugarcane variety 
development program outfield variety 
trials. Sugarcane Research Annual 

https://doi.org/10.3906/tar-1505-133
https://doi.org/10.1016/j.biortech.2012.12.030
https://www.ncbi.nlm.nih.gov/pubmed/23306125
https://doi.org/10.1590/S0006-87052012005000029
https://doi.org/10.4314/star.v5i1.1


 
 
 
 

Kamboj et al.; Int. J. Plant Soil Sci., vol. 35, no. 1, pp. 34-46, 2023; Article no.IJPSS.95884 
 

 

 
46 

 

Progress Report. La Agric Exp Stn Baton 
Rouge, (LA). 2003:62-75. 

32. Nosheen NE, MA. Statistical analysis of 
certain traits that influence sugar recovery 
of selected sugarcane varieties. Pak J Biol 
Sci. 2003;6(2):99-104.  

DOI: 10.3923/pjbs.2003.99.104 
33. Singh DP, Rana NS, Sandeep K.            

Growth and yield potential of               
sugarcane genotypes under graded 
nitrogen levels. Annals Agric Res. 2000; 
21(3):446-7. 

_________________________________________________________________________________ 
© 2023 Kamboj et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/95884 

 

https://doi.org/10.3923/pjbs.2003.99.104
http://creativecommons.org/licenses/by/4.0

