Performance of bud chip seedlings under integrated
nutrient management in autumn planted sugarcane
(Saccharum officinarum L.)

A Thesis
Submitted to the

Assam Agricultural University

In partial fulfillment of the requirements for the degree of

DOCTOR OF PHILOSOPHY (AGRICULTURE)
IN

AGRONOMY

Mahima Begum

Regn. No. 99 of 2003
[Roll No. 2017-ADJ-14]

DEPARTMENT OF AGRONOMY
FACULTY OF AGRICULTURE
ASSAM AGRICULTURAL UNIVERSITY
JORHAT-785 013 (ASSAM)

June, 2021



C

Dedseatod s

ey
Botoved Povrents

J




ASSAM AGRICULTURAL UNIVERSITY
FACULTY OF AGRICULTURE
JORHAT-13

CERTIFICATE -1

This is to certify that the thesis entitled “Performance of bud chip
seedlings under integrated nutrient management in autumn planted sugarcane
(Saccharum officinarum L.)” submitted to the Faculty of Agriculture, Assam
Agricultural University in partial fulfillment for the degree of Doctor of Philosophy
(Agriculture) in Agronomy is a record of research work carried out by Mahima

Begum under my personal supervision and guidance.
All helps received by her have been duly acknowledged.

No part of this thesis has been reproduced elsewhere for any degree.

Dated: Jorhat (N. J. Ojha)
Professor
The ............... , 2021 Department of Agronomy

College of Agriculture
Assam Agricultural University
Jorhat — 785 013



CERTIFICATE - I

This is to certify that the thesis entitled “Performance of bud chip
seedlings under integrated nutrient management in autumn planted sugarcane
(Saccharum officinarum L.)” submitted by Mahima Begum, Roll. No. 2017-ADJ-14
to the Assam Agricultural University in partial fulfillment of the requirement for the
degree of Doctor of Philosophy (Agriculture) in the discipline of Agronomy has been
examined and approved by the Student’s Advisory Committee and the External

Examiner after viva-voce.

(N. J. Ojha) External Examiner
Major Advisor

Members of the Advisory Committee:

1.
(B. C. Bordoli)
2.
(K. Kurmi)
3.
(D. D. Singha)
4.
(R. Das)
(B. C. Bordoloi) (A. Baishya)
Professor & Head Director
Department of Agronomy Post-Graduate Studies
Assam Agricultural University Assam Agricultural University

Jorhat-785 013 (Assam) Jorhat-785 013 (Assam)



ACKNOWLEDGEMENT

With immense pleasure the author would like to take the privilege to express her sincere
gratitude to Major Advisor and chairman Dr. (Mrs.) N. J. Ojha, Professor, Department of
Agronomy, Assam Agricultural University, Jorhat for her continuous support, guidance and
encouragement during the entire period of experiment as well as preparation of this
manuscript.

The author extends her sincere gratefulness to the members of advisory committee
Dr. Bijnan Chandra Bordoloi, HoD for his support and guidance in execution of the field
experiment. The author also would like show her thankfulness to other advisory members Dr. K.
Kurmi, Professor, Department of Agronomy, Dr. D. D. Singha, Prinicipal Scientist, SRS,
Buralikson and Dr. R. Das, Professor, Department of Crop Physiology.

The author is highly obliged to Dr. Ajit Baishya, Director of Post-Graduate Studies,
Assam Agricultural University, Jorhat for providing necessary facilities and smooth conduct of
the academic programme during the course of study.

Deep sense of thankfulness goes to the entire faculty and staff members, Department of
Agronomy for their co-operation, which made the investigation successful. The author also
would like to extend her thankfulness to the entire field as well as staff member of SRS of
Buralikson for their kind co-operation.

The author bestows her special thanks to Tarun Baruah and Rupak Gogoi for typing
and composing the manuscript with care and precision within a short period of time.

The author would like to offer her thankfulness to Dr. Pranjit Sutradhar, Ms. Bhaswati
Sarmah, Mr. Vishwa Jyoti Baruah, Haridra Sharma, Arifa Momtaz, Ankur Bora, Jiten Saikia,
Lipika Bora for their opportune help whenever called for and constant encouragement.

The author is indebted to her father Md. Saifuddin Ahmend, Rtd teacher and mother
Mrs. Sakina Begum, for their love, affection, blessings and sacrifices that always pushed her to
accomplish this task. The author is obliged to her sister Mrs Monija Begum and brother Md.
Farukuddin Ahmed for their moral support during the investigation. She duly acknowledges the
blessing and love from her mother-in-law late Rojamai Begum, father-in-law Md. Sona Rashid.
The acknowledgement would be incomplete if she does not mention the love and support offered
by her husband Md. Imdadur Rashid, who stood by her side during the highs and lows of this
entire programme.

Finally, the author is very much grateful to the Almighty God, who was always there to
bless her with good health and strength without whom, it would be a difficult task to reach the
pinnacle of success.

Dated, Jorhat
The 2021 The Author



ABSTRACT

A field experiment entitled “Performance of bud chip seedlings under
different integrated nutrient management practices in autumn planted sugarcane
(Saccharum officinarum L.)” was conducted at Sugarcane Research Station, Buralikson,
Assam for two consecutive years 2017-18 and 2018-19. The experiment consisted of
three crop establishment techniques in main plot viz., M;: Conventional method of
planting M,: Planting of bud chip seedling at 90 cm x 60 cm, Ms: Planting of bud chip
seedling at 120 cm x 60 cm and five integrated nutrient management practices under
sub plot viz., F;: 100 % RDF, F,: 100 % RDF + vermicompost @ 1 t ha™ + green
manuring (cowpea incorporation) + biofertilizers @ 10 kg ha® F3: 100 % RDF +
enriched compost @ 1 t ha + green manuring (cowpea incorporation), N4: 75 % RDF
+FYM @ 5 tha™ + vermicompost @ 1 t ha™ + green manuring (cowpea incorporation)
+ biofertilizers @ 10 kg ha™ and Fs: 75% RDF + FYM @ 5 t ha™ + enriched compost
@ 1t ha™ + green manuring (cowpea incorporation). The treatments were laid out in
split plot design and replicated thrice. The soil of experimental plot was clay loam in
texture, acidic in reaction (pH 5.46 and 5.48) and medium in organic carbon content
(0.71 and 0.68%) and available K,O (194.33 and 187.66 kg ha™), low in available N
(231.42 and 226.77 kg ha™) and P,Os (19.28 and 18.64 kg ha™) during 2017-18 and
2018-19, respectively.

Experimental findings revealed that the most of the plant growth
parameters were significantly affected by crop establishment techniques. The planting
of bud chip seedling at 120 cm x 60 cm (M3) recorded significantly higher values of
plant growth parameters viz., total number of shoots ha™, number of shoots plant™, plant
height, root growth, above ground biomass, LAI, LAD and CGR throughout the crop
growing period, but was at par with planting of bud chip seedling at 90 cm x 60 cm
(M,) in respect of physiologically active leaves plant™ and leaf area stalk™* during both
the years. However, in case of few growth parameters such as chlorophyll content,
green seeker NDVI, crop canopy temperature and RGR, no significant variation was
observed among the crop establishment techniques.

The planting of bud chip seedling at 120 cm x 60 cm (M3) also revealed
significantly higher values of most of the yield attributing parameters such as length of
millable cane, number of millable canes, number of internodes millable cane™, length of

internodes, average cane weight and eventually the cane yield of both individual years



as well as in pooled analysis. Results revealed that planting of bud chip seedling at 120
cm x 60 cm (M3) produced significantly higher cane yield for both the individual years
(123.20 t ha™* during 2017-18 and 118.64 t ha™ during 2018-19) as well as in pooled
analysis (120.92 t ha™). Similarly, significantly higher values of green top, trash as well
as total biological yield were also obtained under the planting of bud chip seedling at
120 cm x 60 cm (M3). The same crop establishment technique (M3) also registered
significantly higher CCS as well as jaggery yield during both the years, but did not exert
any significant effect on juice quality parameters over other crop establishment

techniques.

Likewise, significantly higher uptake of nutrients by different plant parts
as well as the whole plant was obtained under the planting of bud chip seedling at 120
cm x 60 cm (Ms). However, no significant differences were observed in case of soil

physico-chemical characteristics viz., soil pH and organic carbon during both the years.

All the integrated nutrient management treatments produced significantly
higher plant growth, root growth and physiological parameters over 100% RDF (F3).
Application of 100 % RDF + vermicompost @ 1 t ha' + green manuring (cowpea
incorporation) + biofertilizers @ 10 kg ha™ (F,) produced significantly higher values in
case of all the plant growth such as total number of shoots ha™, number of shoots
plant™, plant height, leaf area stalk™, dry weight of above ground biomass, root growth
and other physiological parameters like LAI, LAD, CGR, and RGR. But in few
parameters such as number of physiologically active leaves plant™, chlorophyll content,
canopy temperature and green seeker NDVI all the treatments were at par with each
other except 100% RDF.

The integrated supply of 100% RDF + vermicompost @ 1 tha™ + green
manuring (cowpea incorporation) + biofertilizers @ 10 kg ha™® (F,) also recorded
significantly higher results in case of yield attributing characters viz., length of millable
cane, number of millable canes, number of internodes millable cane™, length of
internodes, average cane weight and finally resulted in higher cane, green top as well as
trash vyield. Results revealed that the integrated application of 100% RDF +
vermicompost @ 1 t ha™ + green manuring (cowpea incorporation) + biofertilizers @10
kg ha™ produced the highest cane yield for both individual years (115.46 t ha™ in 2017-
18 and 111.11 t ha™ in 2018-19) as well as in pooled analysis (113.28 t ha™) which was

at par with all other treatments, but superior over 100% RDF. Similarly, significantly



higher green top as well as trash were also obtained under the treatment receiving 100%
RDF + vermicompost @ 1 t ha'l + green manuring (cowpea incorporation) +
biofertilizers @ 10 kg ha™ (F,) for both individual years as well as in pooled analysis.
The same treatment (F,) also recorded the significantly higher biological yield (142.08
and 136.78 t ha™), commercial cane sugar (14.62 and 13.95 t ha™) and jaggery vield
(10.67 and 10.13 t ha™) during both the years. But except CCS%, the integrated nutrient
management treatments failed to exert any significant effect on other juice quality
parameters like field brix content, juice recovery and purity %.

The N in content in all the plant parts viz., cane stalk, green top, trash
and K content in cane stalk was significantly influenced by integrated management
practices and maximum values were obtained due to application of 100% RDF +
vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers @10 kg ha™ (F»).
Significantly higher N, P and K uptake by cane stalk, green top, trash as well as whole
plant were also obtained under integrated application of 100% RDF + vermicompost @
1t ha™ + green manuring of cowpea + biofertilizers @10 kg ha™ (F,). All the integrated
nutrient management practices significantly influenced the soil physico-chemical and
biological characteristics over 100% RDF. The application of 75% RDF + FYM @ 5t
ha™+ vermicompost @ 1 t ha™ + green manuring (cowpea incorporation) + biofertilizers
@ 10 kg ha™ (Fs) produced the highest soil organic carbon (0.85 and 0.84%), fungal
(5.44 x 10**cfu g and 5.38 x10**cfu g™) and bacterial population (6.51x10°*cfu g™

and 6.45 x 10°*cfu g™) as well as available N and P,Os in soil during both the years.

The interaction effect was found to be significant in few growth
parameters like total number of shoots, number of shoots plant™ and leaf area duration.
The planting of bud chip seedling at 120 cm x 60 cm along with 100 % RDF +
vermicompost @ 1 t ha™ + green manuring (cowpea incorporation) + biofertilizers @10
kg ha® (MsF,) recorded the highest values in the above parameters. In case of
economics the higher gross return (% 3, 82,906 ha™* and ¥ 3,67,546 ha), net return
 2,62,388 hat and T 2,45,628 ha™) as well as B-C ratio (3.18 and 3.01) was also
recorded under the planting of bud chip seedling at 120 cm x 60 cm along with 100%
RDF + vermicompost @ 1 t ha' + green manuring (cowpea incorporation) +
biofertilizers @10 kg ha™ (MsF») during both the years.
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CHAPTER |
INTRODUCTION

Sugarcane (Saccharum officinarum L.) is a perennial crop under the
family poaceae known for the production of sugar as well as molasses that played a
pivotal role in Indian agriculture and development of industrial economy. The crop
occupies an area of 4.93 million ha with the production of 3.30 million tons having an
annual average productivity of about 67 t ha™ (Anonymous, 2020). Being a crop of
having potential for producing high dry matter, the development of new techniques that
can produce more yield with minimum cost of production is always a matter of concern.
Traditionally in India, sugarcane is grown by using stem cuttings called setts that are
short cane stalks with one or more buds. In this system, depending on the variety used
(Nyati, 1998), very high seed rate of 7 to 10 t ha™ are required as planting material, that
comprises of about 40,000 stalk pieces having 2-3 buds (Sarala, 2017). The planting of
large number of three eyed setts in every furrow results in a very strong competition
among the main shoots, which in turn reduces the number of tillers per planting material
used (Verma, 2004). Moreover, in conventional sugarcane cultivation, the requirement
of large mass of planting material create a great problem in transportation, handling and
storage of seed cane that undergoes rapid deterioration thus reducing viability of buds

and subsequently their sprouting.

According to Van Dillewijn (1952) for propagation of sugarcane a small
volume of tissue with a single root primordium adhering to the bud are enough to
ensure germination. He also stated that cutting of one bud is sufficient as seed material
under favorable growing conditions. Narasimha Rao and Satyanarayana (1974) and
Ramaiah et al. (1977) also showed the feasibility of eliminating the internodes part of
the seed piece by using only buds for commercial planting. This alternative method of
planting only bud chip instead of planting 2/3 budded setts reduces the quantity of
planting material and also improves the quality of seed cane. These bud chips are less
bulky, easily transportable and more economical seed material (Sarala, 2017). The bud
chip technology as a principle in the Sustainable Sugarcane Initiative (SSI), involves the
use of less seed, less water and optimum utilization of land to achieve more yields

(Biksham, 2011). The bud chip technology involves removal of sugarcane bud with
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small material of the root band, grown in plant media for proper germination and finally
the raised seedlings are transplanted into the main field at specific inter (1.5 m) and
intra-row plant spacing (0.6 m). In the Sustainable Sugarcane Initiative (SSI), with 1.5
m row and 0.6 m plant spacing, only 13,500 buds ha™ of single buds is used to achieve
122500 -137500 millable cane ha™ (Goud, 2011). Because of requirement of only +1
ton ha™* of seed cane (+250 kg ha™ bud chips) in case of single budded raised seedlings,
there occurs a significant reduction of 70% in seed material as well as considerable
saving in cost due to the value of the extra cane made available for milling (Nyati,
1998). Moreover, the technology was found to increase cane yield by 11 per cent over
the traditional method (Hunsigi, 2001). Patnaik et al. (2016) also reported 32.63%
higher net returns under bud chip technology than the conventional method. Rajula and
Ramanjaneyulu (2014) opined that bud chip technology could be one of the most viable

and economical alternatives in reducing the cost of sugarcane production.

The performance of sugarcane varies depending upon the climatic and
edaphic factors. Clowes and Breakwell (1998) also opined that, the bud chip take 35
days during summer and 70 days during winter for transplanting of seedlings in main
field. This signifies the importance of development of proper agronomic package based
on climate, season and edaphic factors. Out of crop production technology, proper
spacing and nutrient management significantly influences the yield and yield attributes

of sugarcane.

In case of SSI, the wide row planting up to 1.5 m facilitated
mechanization and reduced cost of cultivation. In Assam, sugarcane is grown by most
of the small and marginal farmers in small fragmented land holding with poor
mechanization under rainfed condition. Moreover, conventional method of growing
sugarcane with 2-3 budded setts by maintaining 90 cm between row to row is a
recommended practice. This necessitates the development (adoption/use) of appropriate
planting techniques for production of more yields per unit area. Sarala (2017) also
found more number of millable canes and cane yield with the planting of bud chip
seedlings at spacing of 60:120 cm x 60 cm. Similarly, Patel and Patel (2014) also
reported that 1.2 m row spacing was found to be superior over 90 cm and 1.5 m row in
terms of production of number of internodes, cane length, number of millable canes and

cane yield which confirm the findings of Zafar et al. (2010).
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Row spacing has a key role in maximizing yield and improving quality

of sugarcane, because it determines the optimum crop stand to obtain high yield of
sugarcane. Plant spacing which is a function of inter-row and intra-row spacing, is also
an important agronomic attribute in crop production, as it has effect on
photosynthetically active radiation (PAR), temperature, nutrition, available moisture
and plant density within the crop environment (Mashigaa et al., 2011). The number of
millable stalks which is a major constituent of cane yield is also affected by row
spacing. Although the closer spacing results in high plant population but obstructs the
cultural operations. Contradictory results have been reported regarding the impacts of
row spacing on the sugarcane yield (Yadav and Prasad, 1997; Garside et al., 2002;
Manimaran et al., 2009). In sub tropical India, generally 90 cm is considered as
optimum spacing for 3 budded setts, but, while increasing the spacing up to 120 cm and
150 cm the cane vyield increased by 19.4% and 32.9%, respectively (Chakrawal and
Kumar, 2013). However, very little research work has been conducted on planting

geometry of sugarcane bud chip seedling.

Sugarcane being a long duration crop produces huge quantity of biomass
that removes large quantity of nutrients from soil for proper growth and development. For
obtaining higher productivity, high yielding crop varieties requires more amounts of
nutrients for better growth and yield. Tillering which provides the optimum number of
stalks needed for a good yield is known to be affected by the availability of various
nutrients (Malavolta, 1994; Rao et al., 1989). Therefore, proper nutrient management is
also very essential for better crop growth and to obtain a good number of millable cane

and high yield.

Sugarcane is an exhaustive crop and due to its continuous mono
cropping with the use of only inorganic fertilizers has led to depletion of soil nutrients
mainly nitrogen, phosphorus, potassium along with some micronutrients and organic
carbon in soil. According to Dang et al. (1995) sugarcane crop producing 100 tones
yield ha™* removed about 140 kg N, 34 kg P and 332 kg K from the soil. The increase
use of high analysis fertilizers leads to deficiency of several micronutrients (Pathak and
Ghosh, 1996) in India. Besides this, imbalance and inadequate use of some nutrients
results in poor cane yield, deterioration of soil health and multiple nutrient deficiencies.
This emphasized the substitution of a part of inorganic fertilizers by locally available
organic sources of nutrients viz., manures, green manures, crop residues, bio-fertilizers

etc. Balanced use of both organic as well as inorganic inputs is also essential to
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maintain a good soil physical, chemical and biological environment as well as
sustainable crop production. The use of organic fertilizers together with chemical
fertilizers improved the soil health by augmenting the soil microbial biomass as
compared to the sole application of either organic or inorganic fertilizers
(Kumaraswamy et al., 1998; Dultta et al., 2003).

Organic sources can insure adequate supply of micronutrients to meet the
crop need that lead to increase fertilizer use efficiency (Singh et al., 1999). Organic
manure not only replenishes nutrients, but also improves the physical, chemical and
biological properties of soil which enhances the performance of soil applied inputs
(Vanlauwe et al., 2001). Application of organic matter from organic resources as such
animal manure, crop residues and green manuring has been shown to replenish soil organic
carbon and improve soil fertility (Saviozzi et al., 2002). Moreover, several microbial agents
capable of fixing N or mobilizing P and others nutrients are becoming and vital component
of integrated nutrient management system for crop production. The biological nitrogen
fixing bacteria like Acetobacter and Azotobacter are the cheaper source of nitrogen are able
to save about 25-30 per cent of nitrogen (Kumar and Singh, 1999). For sustainability of
sugarcane, neither chemical fertilizers nor organic manures alone but their integrated
use has been to be highly beneficial (Banger et al., 1994). Therefore, to obtain
consistent sugarcane yield an effective and appropriate integrated nutrient management
package comprising of organic and inorganic components is utmost important
(Gopalasundaram et al., 2011). The use of organic fertilizers together with chemical
fertilizers had higher positive effect on microbial biomass and soil health as compared to

the addition of organic fertilizers alone (Dultta et al., 2003).

The integration of organic manures along with chemical fertilizers
increased the absorption of plant nutrients viz., N, P and K in both plant and ratoon crop
as compared to sole application of chemical fertilizers (Bokhtiar and Sakurai, 2005).
The organic matter supplied through animal manure, crop residues and green manuring
replenished the soil organic carbon as well as improved the soil fertility (Saviozzi et al.,
2002; Srivastava et al., 2009) in sugarcane. The beneficial effect of intercropping and in
situ incorporation of green manuring crop in building up of the organic matter of the
soil as well as increased efficiency of applied nutrients was also reported by Bokhtiar
and Sakurai (2007). Application of integrated nutrient sources can increase the activities
of soil micro-organism and available nutrient contents in soil (Saha et al., 2008).

Moreover, the application of FYM @ 15 t ha™* in both plant and ratoon crop could save
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about 25% N fertilizers in sugarcane (Bokhtiar and Sakurai, 2005). They also reported
significant increase the leaf nutrient content in both plant and ratoon crop under the
integrated supply of organic manure along with chemical fertilizer as compared to sole
application of chemical fertilizer. Besides this, integrated nutrient management found to be
beneficial in improving microbial biomass and soil health (Kumaraswamy et al., 1998).
Thus, the integration of organic inputs like biofertilizers, green manures in sugarcane is
a potential alternative strategy to prevent and to ameliorate the harmful effects of
excessive inorganic fertilization on soil degradation and yield declination.

So, there is an urgent need to develop a suitable integrated nutrient
management practice under the new propagation technique of growing sugarcane through
bud chip seedling for sustaining cane productivity. Further, only few or very limited
research has been carried out in this aspect.

Keeping this in view, an investigation on “Performance of bud chip
seedlings under integrated nutrient management in autumn planted sugarcane

(Saccharum officinarum L.)" is undertaken with the following objectives:

1) To evaluate the effect of different row spacing of the bud chip seedlings and

integrated nutrient management on growth, yield and quality of sugarcane

2) To study the effect of different row spacing of the bud chip seedlings and
integrated nutrient management on soil nutrient status and nutrient uptake by

sugarcane
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CHAPTER Il
REVIEW OF LITERATURE

Sugarcane is considered as an important commercial crop for its great
contribution towards development of Agricultural GDP in India. The crop has high
yield potential due to which it is getting importance for development of new production
technologies to maximize yield with high economic return because of many drawbacks
associated with traditional cultivation practices like high requirement of planting
material, poor economic return due to high cost of cultivation etc. Sugarcane is
considered as an exhaustive crop because of high nutrient demand for its growth and
development which in long run deteriorates soil health. Therefore, development of new
technologies that can maintain good soil health and sustainability in terms of production

and quality is the prime goal and objectives in present day agriculture.

Out of the recent technologies, production of sugarcane by adopting
sugarcane bud chip technology is now a day’s gaining importance because of its many
advantages over the conventional one. The bud chip technology was developed by
Indian Institute of Sugarcane Research, Lucknow, India where sugarcane bud chip
seedlings were used as planting material instead of traditional 2/3 budded setts and they
were planted at wider row spacing of 1.5 m and plant to plant spacing of 60 cm.
However, many researchers are still working on development of location specific
planting geometry for bud chip technology, nutrient management and other techniques
just to maximize yield and maintain the soil health as the performance of the crop
highly varies depending upon the soil, climatic condition and other crop management

practices.

Since bud chip technology is a very recent technology and work done on
“bud chip seedlings and integrated nutrient management” is limited, therefore, relevant
research findings on other crop establishment techniques such as single budded setts,

double budded sett etc. have also been included wherever considered necessary.

2.1 Effect of row spacing of different crop establishment techniques on performance of

sugarcane

2.2 Effect integrated nutrient management on performance of sugarcane



2.3 Effect of integrated nutrient management on soil health and nutrient status
2.4 Effect of integrated nutrient management on nutrient content and uptake by plants
2.5 Effect of integrated nutrient management on economics of sugarcane

2.6 Crop establishment techniques and integrated nutrient management on growth and

yield of sugarcane

2.1 Effect of row spacing of different crop establishment techniques on

performance of sugarcane
2.1.1 Growth parameters of sugarcane

The success of any crop depends upon the good agronomic practices that
greatly influence growth as well as yield of crop. In sugarcane, the shoot population is
one of the important growth parameters that directly depend upon the row spacing
under different crop establishment technique which is related to stalk height or cane
length. After conducting a demonstration on bud chip technology planted at a spacing of
1.5 m x 0.60 m in farmer’s field of Angul district, Odisha, India, Samant (2017)
reported higher number of tillers plant™ (17.3) as compared to conventional method
(9.2). The planting of bud chip settling at 120 cm row spacing produced significantly
higher number of tillers m™ (21.0) as compared to planting at 90 (15.3) and 60 cm
(13.0) row spacing (Khalid et al., 2015). In another experiment, Chandrakar et al.
(2019) also reported significantly higher number of tillers plant™ due to planting of bud
chip seedling at 150 cm x 60 cm (18.00) that was at par with planting of bud chip
seedling at 120 cm x 60 cm (16.33), but both of them were superior to conventional 2
budded (8.67) as well as 3 budded setts planting (6.50).

Chatta et al. (2007) also reported significantly higher number of tillers
m (15.92) due to planting of sugarcane setts at 120 cm apart trenches that was found to
be at par with 90 cm apart trenches (15.53), but significantly superior over 60 cm apart
trenches (13.93) as well as 60 cm apart furrows (12.93) and 45 cm apart furrows
(10.94). On the other hand, shoot population under 90 cm row spacing of 3 budded setts
was found to be significantly higher as compared to 120 and 150 cm which might be
due to availability of more rows per unit area under narrow spacing as compared to

wider row spacing (Chakrawal and Kumar, 2013).

Further, the existence of high shoot population increased plant height as

compared to low population conditions (Irvine and Benda, 1980). In general, with
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increase in intra row spacing the plant height decreases and vice versa which is mainly
due to existence of intra competition for light under high plant population. Similarly,
Patel et al. (2002) also reported that the use of narrow row spacing caused sugarcane
stalks to be longer and thinner. Lal (1988) also reported more plant height under wider
spacing as compared to narrow spacing. The experiment conducted at Sugar Crops
Research Institute, Pakistan, on evaluation of suitable plant spacing of sugarcane bud
chip seedling revealed that although the planting of bud chip seedling at 120 cm row
spacing produced more plant height (3.16 m) as compared to 90 cm spacing (3.06 m)
but no significant difference was observed between them (Khalid et al., 2015).
Similarly, Chatta et al. (2007) also reported insignificant difference in plant height
between planting of sugarcane setts at 90 (2.34 m) as well as 120 cm apart trenches
(2.33 m), but both of them were found to be superior over planting of sugarcane at 60
cm apart trenches. The optimum availability of all resources under 120 cm row spacing
might have helped in increasing the plant height. This was corroborated with the finding
of Cheema et al. (2002). Chaudhari et al. (2014) also reported significantly higher plant
height under 120 cm row spacing of 3 budded setts planting (298 cm) which was at par

with 150 cm row spacing (297 cm), but superior over 100 cm row spacing (295 cm).

In sub-tropical India, tillering starts around 60 days after planting and it
may last up to 120 days after planting. The tillering phase largely determines the
productivity of sugarcane crop as the number of tillers is positively associated with
number of millable canes at harvest (Roodagi et al., 2001). The number of tillers varies
depending upon the row spacing provided under different crop establishment
techniques. Patel et al. (2014) reported that the planting of sugarcane setts at 120 cm
row spacing significantly increased the number of tillers plant™ as well as other growth
parameters such as plant height and dry matter accumulation at almost all the growth
stages as compared to other row spacings. The wider spacing produced more number of
tillers clump™ as well as thicker canes as compared to closer spacing (Rao, 1990). From
an experiment conducted at Sugarcane Research Institute, Faisalabad, Pakistan, Chatta
et al. (2007) reported significantly higher number of tillers m? due to planting of
sugarcane setts at 120 cm apart trenches (15.84) which was at par with planting of
sugarcane setts at 90 cm apart trenches (15.46) but, significantly superior over 60 cm
apart trenches (13.86).

The other growth parameters such as leaf area index (LAI), crop growth

rate (CGR) and net assimilation rate (NAR) which are very important in assessing the
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sugarcane’s growth are also affected by row spacing (Khan et al., 2011). After
conducting an experiment on evaluation on different planting geometry on autumn
planted sugarcane during 2003-04 and 2004-05, Khan et al. (2011) reported that
planting of sugarcane setts at 30/90 paired row planting produced significantly higher
crop growth rate (8.58 and 9.74 g m day™), leaf area duration (776.74 and 876.45
days) as compared to 30/120 cm paired row planting as well as 60 and 75 cm single row
planting during the respective years. Several researchers reported that growth
parameters were not only affected by row spacing but also greatly influenced by various
planting system (Gill, 1995 and Ghaffar et al., 2012). Moreover, planting of bud chip
seedling at 1.5 m row spacing also recorded better expression of growth attributes viz.,
leaf area index (6.82), plant height (340 cm) as compared to traditional method (Kumar
and Suresh, 2011).

Among the different growth parameters, the green leaf area and leaf area
index (LAI) are considered as important parameters for estimation of growth and yield
of any crop. Leaf area index followed the similar curves in case of both plant as well as
ratoon crop with slow growth in initial phase followed by faster growth in subsequent
growth stages and again slowed down in maturity (Teruel et al., 1997). Chakrawal and
Kumar (2013) reported that the green leaf area and LAI showed an increasing trend up
to 210 DAP when recorded at monthly interval under different row spacing. They
reported that planting of sugarcane setts at 90 cm spacing produced maximum LAI of
2.19, 3.11, 3.78 and 4.22 at 120, 150, 180 and 210 DAP, respectively, as compared to
other row spacings. The higher LAI recorded at 90 cm row spacing were due to more
number of millable canes and better retention of tillers. However, towards the maturity
of the crop, the increased in leaf senescence due to drying up of older leaves as well as
mortality of tillers might have decreased LAI (Chakrawal and Kumar, 2013). Kumar
(2020) also stated that the natural senescence of older leaves and mortality of late tillers
decreased LAI towards maturity of sugarcane. Similar results were also reported by
Simoes et al. (2005).

Ahmad (2002) also reported that wider row spacing significantly
increased the leaf area tiller” as well as LAl as compared to narrow spacing. From an
experiment conducted at Sugar Crops Research Institute, Pakistan, Khalid et al. (2015)
reported higher LAI due to planting of bud chip seedling at 120 cm row spacing (7.90)
as compared to 90 cm row spacing (6.44). On the other hand, Kumar (2020) from his
experiment on evaluation of optimum planting geometry for bud chip seedling in Bihar,



10
India, reported maximum LAI of 0.63, 2.07, 3.71 and 4.11 during April, June, August
and October, respectively, of plant cane under 30:120 cm paired row, which was
statistically at par with 90 cm row spacing (0.60, 2.03, 3.65 and 4.09) but superior over
120 (0.58, 1.76, 3.25 and 3.61) and 150 cm row spacing (0.48, 1.10, 2.55 and 2.91). The
more plant population recorded under 30:120 cm paired row as well as 90 cm single
row spacing might have increased the LAI as compared to others. However, the LAD
was not affected by row spacing during all the growth stages, although the planting of
sugarcane at wider row spacing of 120 cm recorded more LAD as compared to 90 cm
(Rehman et al., 2013)

Likewise, crop growth rate (CGR) of sugarcane also greatly decreased
with narrow row spacing (30 cm) which might be due to unavailability of certain
nutrients to plant roots due to more plant competition as well as mutual shading of
middle and lower leaves that decreased the interception of light resulting in low
photosynthetic efficiency and hence decreased crop growth rate (Datta, 2000; Khatkar
and Kuhad, 2000). In this context, Ghaffar et al. (2012) reported significantly higher
CGR in 120 cm spaced trenches (12.68 g m2d™) as compared to 90 (11.74 g m2d™) and
75 cm spacing (11.16 g m?d™). They stated that variation in total dry matter production
per unit area under different trench spacings led to variation in CGR. Similarly,
significantly higher CGR under wider row spacing of 120 cm as compared to 90 and 75
cm row spacing was also reported by Rehman et al. (2013). The production of more
CGR under wider row spacing might be due to more interception of light even by the
bottom leaves of sugarcane (Islam et al., 2008). Ghaffar et al. (2012) also opined that
more LAI under wider row spacing helped in more expansion of leaf area that
intercepted more light and ultimately increased the CGR.

Like CGR, the planting patterns significantly influenced the net
assimilation rate (NAR) of sugarcane (Chattha, 2007; Khan et al., 2011). For example,
the planting of sugarcane setts at 70 cm row spacing significantly increased NAR as
compared to 60 cm (Khan et al., 2011). The increase in NAR of sugarcane was due to
an increase in leaf area and CGR (Chattha, 2007). The maximum NAR of 5.04 and 5.32
gm day™ in plant cane during June - August and August-October, respectively, was
recorded due to planting of bud chip seedlings at 150 cm row spacing as compared to 90
and 120 cm (Kumar, 2020). Patil (2008) stated that optimum NAR of sugarcane was
achieved at the age of 160-200 days after planting. The better availability of certain
nutrients to plant roots and increased efficiency of photosynthesis might have resulted
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higher values of NAR (Simoes et al., 2005). Moreover, the availability of more space
for air circulation and light interception might have increased photosynthetic efficiency
and improved CGR, LA, and ultimately NAR (Yadav, 1991; Khan et al., 2011).

Sugarcane is known for its high potential to produce huge amount of
biomass by efficiently converting the solar light energy (Naidu, 2003). This might be
due more interception and distribution of light by the crop canopy which increases the
photosynthesis and vegetative growth by increasing the growth parameters such as
tillers, leaf area and stem biomass accumulation. Loganandhan et al. (2013) opined that
the increase in both plant height and tiller numbers might have contributed production
of more crop biomass in terms of dry matter production. The dry matter production was
highly affected by CGR (Khalid et al., 2009) and both of them were greatly affected by
photosynthetic rates (Hunsigi, 2001). Therefore, the dry matter accumulation of
sugarcane highly varies depending upon the crop planting pattern. The wider planting of
sugarcane produced more dry matter as compared to narrow spacing (Cheema et al.,
2002). Similarly, Nadiger et al. (2017) reported that planting of sugarcane setts at 1.2 m
spacing produced more dry matter (0.22, 2.65 and 5.77 kg m™ at 150, 210 DAP and at
harvest, respectively) as compared to 2.4 m paired row (0.15, 1.68 and 3.78 kg m™? at
150, 210 DAP and at harvest, respectively) and 3.6 m paired row (0.10, 1.51 and 3.11
kg m?at 150, 210 DAP and at harvest, respectively). The higher photosynthetic activity
at 1.2 m spacing might have resulted in higher dry matter production as compared to
other planting technique. Kumar (2020) stated that the dry matter accumulation by plant
gradually increased with the advancement of crop growth. After conducting an
experiment at Sugarcane Research Institute, Dr. Rajendra Prasad Central Agricultural
University, Pusa, Bihar, Kumar (2020) also reported significantly higher total dry
matter accumulation (0.64, 8.4, 16.4, 28.4, and 31.8 t ha™* during April, June, August,
October and December, respectively) under the planting of sugarcane bud chip seedling
at 90 cm row spacing as compared to 120 cm, 150 cm and 30:120 paired row planting.
The production of less dry matter per unit area under wider spacing might be due to less

plant population.
2.1.2 Yield attributing characters

Inappropriate planting density is considered as one of the essential factor
accountable for reduction in sugarcane yield (Bashir et al., 2000). Sub-optimal planting

density reduced the total plant population and eventually number of millable canes per
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unit area as well as cane yield (Mahmood et al., 2007). The planting density directly
affects the yield attributing parameters like number of millable canes, cane length and
diameter which are positively related to cane yield per unit area (Nazir et al., 1999).
Basically, cane weight or stalk weight is a function of cane thickness, cane length and
cane density. Thus mean weight stalk™ decreased steadily with decrease in intra-row
spacing (Orgeron, 2003). This could be ascribed to increase in population density per
unit area due to the decrease in intra-row spacing. The decrease in cane weight was
partially due to the decrease in cane thickness, cane height and cane density as a result
of high density planting in the narrower intra-row spacing. The linear increase in cane
weight cane™ with the increase in trench spacing was also reported by Ghaffar et al.
(2012). They reported significantly higher mean weight of single cane under the
planting of setts at 120 cm spacing (0.91 kg) as compared to 90 (0.83 kg) as well as 75
cm (0.77 kg). In another experiment conducted at Sant Kabir College of Agriculture and
Research Station, Kawardha, Chhattisgarh, India, Chandrakar et al. (2019) revealed that
planting of bud chip seedling of sugarcane at 120 cm x 60 cm produced significantly
higher single cane weight (1.86 kg) as compared to 3 budded setts planting (1.30 kg).
The more cane weight under wider spacing than the narrower spacing was also reported

by Raskar and Bhoi (2003). Similar observation was also reported by Hunsigni (1993).

Row spacing under different crop establishment techniques also
significantly influenced the stalk or cane length of sugarcane. Ehsanullah et al. (2011)
reported that planting of sugarcane setts at 90 cm double row strips (2.32 m) produced
significantly higher cane length that was found to be at par with 120 cm spaced 3-row
strips (2.28 m). They also reported insignificant difference in cane length due to
planting of 3 budded setts at 120 cm (2.36 m) as well as 90 cm spaced trenches (2.34
m). While, Ghaffar et al. (2012) reported significant increase in cane length at 120 cm
wider trench planting (2.23 m) as compared to 90 cm single trench planting (2.02 m).
After conducting an experiment at Central Sugarcane Research Station, Maharashtra,
India for evaluating the suitable spacing of 3 budded setts under spring planted
sugarcane, Chaudhari et al. (2014) also reported that 120 cm row spacing produced
significantly higher length of millable cane (2.98 m) which was at par with 150 cm

(2.97 m) but superior to 100 cm row spacing (2.95 m).

Like all other yield attributing characters, cane girth is also related to
plant density which is governed by row as well as plant spacing. The lower plant

density produced thicker canes as compared to high plant density (Ahmad et al., 2011).
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The planting of sugarcane bud chip seedling at 150 cm row spacing reported
significantly higher cane diameter (2.13 cm) at harvest which was at par with 120 cm
(2.10 cm) but found to be superior over 90 cm row spacing (2.06 cm) (Kumar, 2020).
The planting of bud chip seedling at 150 cm x 60 cm spacing also enhanced the single
cane weight (1.80 kg cane™) as compared to planting of single (1.09 kg cane™ ) and
double budded setts (1.63 kg cane™) (Sugeerthi et al., 2018). Kumar and Suresh (2011)
also reported more cane girth (3.36 cm) as well as single cane weight (2.36 kg) under
the planting of bud chip seedling at a spacing of 150 cm x 60 cm as compared to
traditional method. Chandrakar et al. (2019) also reported significantly higher cane
girth due to planting of bud chip seedling at 120 cm x 60 cm spacing (9.17 cm) that was
at par with planting of bud chip seedling at 150 cm x 60 cm (8.87 cm) but superior to
conventional 2 budded as well as 3 budded setts planting (7.33 cm).

They also reported significantly higher single cane weight under the
planting of bud chip seedling at 150 cm x 60 cm (1.90 kg) that was at par with planting
of bud chip seedling at 120 cm x 60 cm spacing (1.86 kg) but, both of them were found
to be superior to the conventional 2 budded (1.19 kg) as well as 3 budded setts planting
(1.30 kg). Thus increase in cane girth or diameter led to increase in cane weight and
ultimately increased the cane yield per unit area (Nosheen and Ashraf, 2003). The
higher cane girth under wider row spacing might be due to better availability and
utilization of all resources and more competition due to higher plant population per unit

area under narrow spacing might have reduced the cane girth.

Number of millable cane is one of the considerable yield attributing
characters that greatly influences the cane yield. Preecha (2006) reported that the
number of millable cane that directly correlated to sugarcane yield was significantly
influenced by plant spacing. Netsanet et al. (2014) also reported more number of
millable canes under high density planting as compared to low density planting. The
higher number of millable canes per unit area due to planting of sugarcane setts under
wider row spacing was also reported by Cheema et al. (2002). In case of spring planted
sugarcane, planting of sugarcane setts at 120 cm spacing recorded significantly higher
number of millable cane (89.63 ‘000 ha™) as compared to planting at 100 cm (84.54
‘000 ha™) and 150 cm (85.34 ‘000 ha™) (Chaudhari et al., 2014). Besides this, Samant
(2017) also reported more number of millable cane clump™ (14.2) under the bud chip

method as compared to conventional method (8.5).
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The planting of bud chip seedling at 120 cm row spacing recorded
significantly more number of internodes tiller (12.13) which was statistically at par
with planting at 90 cm row spacing (10.86), but significantly superior over 60 cm row
spacing (10.33) under agro ecological condition of District Mardan, Khyber
Pakhtunkhwa, Pakistan (Khalid et al., 2015). On the other hand, after conducting an
experiment at Central Sugarcane Research Station, Padegaon, India, Choudhary et al.
(2014) reported insignificant difference in number of internodes tiller under different
planting geometry. Khalid et al. (2015) also reported that planting of bud chip seedling
at 120 cm row spacing produced higher length of internode (11.73 cm) as compared to
90 (10.74 cm) and 60 cm row spacing (10.67 cm). They stated that although length of
internode was a varietal character, but it was also influenced by better crop management
practices. The proper orientation of plants in 120 cm row spacing might be responsible
for production of higher number of internodes tiller’. The significant increase in
internode length due to planting of bud chip seedling at 120 cm row spacing (14.53 cm)
over both conventional 2 budded (13.20 cm) as well as 3 budded methods (12.73 cm)
was also reported by Chandrakar et al. (2019)

2.1.3 Cane yield and harvest index

The planting geometry significantly influences the cane production in
sugarcane, hence improper row spacing is considered as the most critical factor for
reduction in cane yield (Mahmood et al., 2007). Saini et al. (2012) stated that sugarcane
yield could be obtained 117.8- 120.8 tons/ha by transplanting bud chips seedling with
proper row spacing. Planting of sugarcane bud chip seedlings at 120 cm produced the
highest cane yield (80.9 t ha™) followed by 90 cm (80.2 t ha™) and 60 cm row to row
spacing (Munsif et al., 2015). Similar, finding was also reported by Khalid et al. (2015).
They also reported the highest cane yield with the planting of bud chip seedling at 120
cm row spacing ( 92 t ha™) followed by 90 cm (84 t ha™*) and 60 cm row spacing (77 t
ha™). Chaudhari et al. (2014) also reported significantly higher cane yield (122.33 t
ha™) under 120 cm row spacing in case of spring planted sugarcane that was found at
par with the 150 cm row spacing (116.89 t ha™). Mahadevaswamy and Martin (2002)
also reported higher cane yield under wider row spacing as compared to narrow

spacing.

Likewise, Rehman et al. (2013) also reported significantly higher cane

yield (96.67 t ha™) with the planting of bud chip seedling at 120 cm apart as compared
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to planting at 90 (85.05 t ha™) as well as 75 cm row spacing (78.85 t ha™). In this
context, while evaluating the suitable planting geometry of sugarcane bud chip seedling
under plant- ratoon system at Sugarcane Research Institute, Dr. Rajendra Prasad Central
Agricultural University, Pusa, Bihar during 2013-16, Kumar (2020) reported
significantly higher cane yield (86.4 t ha™) under the planting of bud chip seedling at 90
cm row spacing as compared to 120 (73.7 t ha™) and 150 cm (64.7 t ha™®) spacing. The
planting of bud chip seedling at 150 cm x 60 cm also registered significantly higher
cane yield (148.56 t ha™) as compared to traditional method (Kumar and Suresh, 2011).
Samant (2017) reported 39.7% higher cane yield under the planting of bud chip seedling
at 150 cm x 60 cm as compared to conventional method. Earlier, Tianco (1995) also
reported about 34% increase in weight of cane under the system of transplanting
seedling in comparison to traditional 3 budded setts.

While conducting an experiment at Chhattisgarh to evaluate the suitable
planting geometry of bud chip seedling in case of autumn planted sugarcane,
Chandrakar et al. (2019) also reported significantly higher cane yield (160.67 t ha™) due
to planting of bud chip seedling at 120 cm x 60 cm as compared to conventional 2 or 3
budded setts and other planting geometry. The optimum plant population due to
sufficient spacing helped in efficient utilization of all resources and also reduced the
inter-intra specific competition among the plants that resulted in higher cane yield under
the planting of bud chip seedling at 120 cm x 60 cm spacing. Chattha et al. (2004) also
reported about 30% more cane yield due to planting of 3 budded setts at wider row
spacing (120 cm) as compared to narrow row spacing (60 cm). Similarly, after
conducting an experiment at Patuli Sahi village of Odisha, Mohanty et al. (2014) also
found higher cane yield (105.00 t ha™) due to planting of bud chip seedling at 120 cm x
60 cm spacing as compared to conventional method of planting (89.00 t ha). Soomro
et al. (2009) opined that inter row spacing greatly influenced the cane yield. They stated
that the row spacing of 1.25 m was found to be the best for obtaining maximum cane
yield (143.03 t ha™). Thus, maintenance of optimum crop stand by following proper
spacing is considered to be a vital factor for obtaining higher cane yield. On the other
hand, many researchers reported higher cane yield from narrow spacing i.e. 90 and 60
cm as compared to wider spacing i.e. 130, 140 and 180 cm (Sharma, 1984; Misra et al.,
1990).

The production efficiency of a crop is expressed in terms of harvest

index which was greatly affected by planting pattern. Mahmood et al. (2007) reported
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maximum harvest index up to 82.17% with planting of sugarcane setts in 100 cm
spaced double-row ditches. While, Ehsanullah et al. (2011) reported significant
difference in harvest index due to planting of sugarcane under different row spacing.
They reported significantly higher harvest index (82.84%) due to planting of sugarcane
setts at 90 cm spaced 2-row strips as compared to 60 cm spaced single row (81.53%)
as well as 120 cm spaced 3-row strip (80.58%). While, Magsood et al. (2005) reported

that the harvest index was not affected by different planting patterns.
2.1.4 Juice quality

Several scientists reported various results in juice quality parameters due
to row spacing under different crop establishment techniques. Khalid et al. (2015)
reported that planting of bud chip seedling under different row spacing did not exert any
significant effect on quality parameters such as brix and commercial cane sugar (CCS)
content (%), pol as well as sugar recovery %, however, higher values of these
parameters were recorded when bud chip seedlings were planted at 120 cm and 90 cm
row spacing, respectively, as compared to 60 cm. Similarly, Chandrakar et al. (2019)
also reported that juice quality parameter like brix and pol % were not significantly
affected by planting of bud chip seedling under different planting geometry. Bokhtiar
and Sakurai (2005) also reported insignificant difference in juice quality parameters
such as brix, pol as well as purity % of cane juice. Magsood et al. (2005) also stated that
CCS % was not significantly affected by row spacing in sugarcane. Shukla and Lal
(2003) also reported that the planting method did not influence on juice quality
parameters. Similarly, Chaudhary et al. (2014) reported that planting of sugarcane setts
under row spacing did not show any significant effects on quality parameters of
sugarcane. However, they reported significantly higher CCS yield (17.42 t ha™) due to
planting of sugarcane setts at 120 cm row spacing which was found to be at par with
150 cm (16.50 t ha™*) but superior to 100 cm row spacing (16.43 t ha*). The experiment
conducted by Nadiger et al. (2017) at K. J. Somaiya Institute of Applied Agricultural
Research revealed insignificant difference in quality parameters of sugarcane i.e. brix,

pol, purity and CCS content (%)in juice under different row spacings.

On the other hand, after conducting the experiment at Vasantdada
Sugar Institute, India, Pawar et al. (2005) reported significantly higher CCS content
(14.25%) and sugar yield (17.69 t ha™) due to planting of sugarcane settling at 60 cm

spacing as compared to other row spacing as well as two budded sett planting. While,
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some researchers reported that wider row spacing (120 cm) significantly enhanced the
juice quality parameter like brix % (Singh et al., 2011) and pol % in cane juice
(Mahmood et al., 2007; Ehsanullah et al., 2011). On other contrary, from earlier
experiment, Thomas et al. (1977) reported that narrow spacing significantly increased

brix, pol and purity content (%) of juice as compared to wider row spacing.
2.1.5 Economics of sugarcane

Many researchers reported about 80% saving of sugarcane seed material
by weight due to adoption of bud chip technology instead of conventional 3 budded
setts (Narendranath 1992; Igbal et al., 2002) while ensuring the maximum net returns.
The improved practice of bud chip method of sugarcane planting recorded higher gross
return (X 271320 hal), B-C ratio (3.86) and profitability (¥ 609.6 ha’ day™) with
supplementary net return of ¥ 190080 ha™ than conventional method of cultivation
(Samant, 2017). The more cane production under the bud chip technology resulted in
higher B-C ratio and net return as compared to conventional method (Samant, 2017).
The variation in net return and benefit-cost ratio may be attributed to the variation in the
price of agricultural inputs and produce (Kapur et al., 2011). Sugeerthi et al. (2018) also
reported that planting of bud chip seedling at 150 cm x 60 cm was found to be
economical in terms of net income (% 183,040 ha) and B- C ratio (2.63) as compared
to traditional method. Planting of bud chip seedling at spacing of 120 cm x 60 cm also
recorded maximum net return (X 396450.00) and B-C (4.73) as compared to
conventional 2 budded and 3 budded setts planting as well as other spacings
(Chandrakar et al., 2019). Mohanty et al. (2014) stated that planting of sugarcane bud
chip seedling at spacing of 120 cm x 60 cm recorded higher net return (¥ 84,300 ha™)
as compared to conventional method (¥ 30,950 ha™). The reduction in cost of
cultivation and production of more cane yield under wider row spacing maximized the

net returns (Rajulashanthy and Muthusamy, 2012).
2.2 Effect of integrated nutrient management on performance of sugarcane
2.2.1 Growth parameters

Integrated nutrient management is the key factor that greatly influenced
the growth as well as some physiological parameters of sugarcane. Out of different crop
growth parameters plant height is considered as an important growth parameter that
determined the length of millable cane that is greatly affected by the integrated nutrient

management practices. Swamy et al. (1999) found that the integrated use of 100%
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inorganic fertilizers along with biofertilizers significantly recorded higher plant height
(226 cm) which was found to be at par with the application of 50% N and P along with
biofertilizers (221 cm), but found to be superior over sole application N and P
fertilizers. No significant difference in plant height was recorded due to integrated
application of biofertilizers along with 50% RDF and 100% RDF, respectively,
although an increasing trend in plant height was recorded under integration with 100%
RDF as compared to 50% RDF (Kumar and Singh, 1999). On the contrary, the
integrated use of FYM and 100% RDF recorded significantly higher plant height (209
cm) than the sole application of FYM (198 c¢cm) and chemical fertilizers (202 cm)
(Sharma et al., 2006). Experiment conducted at Regional Research Station, Karnal,
India, revealed that the integrated application of FYM @ 10 t ha™ and bio-fertilizers
along with 100% recommended dose of NPK also increased the cane length (2.91 m)
over the sole application of 100% NPK (Kumar et al., 2019). The integration of
biofertilizers viz., Azotobacter + Azospirillum and 25% RDN through FYM along with
75% RDN through inorganic fertilizer also produced significantly more cane length
(220 cm) than the 100% RDF (209 cm) through inorganic source alone (Baneerje et al.,
2018).

In sugarcane, the tiller population dynamics is greatly affected by the
stages of crop growth and a significant variation is observed from tillering stage to
maturity. The number of tillers sharply increased from March onwards which attained
peak stage in April and started reducing during June and after that it gradually reduced
under all the nutrient management practices (Bokhtiar and Sakurai, 2005). The
reduction in tiller population at later stage of crop might be due to occurrence of more
competition among the tillers for nutrients, moisture etc. resulting in senescence of
tillers at faster rate (Singels and Smit, 2002). In another experiment, Bokhtiar et al.
(2015) also reported that total number of shoots developed under the integration of
organic sources of nutrients along with RDF or 75% RDF was statistically at par with
RDF. The integrated use of inorganic fertilizers and biofertilizers (Acetobacter +
Azotobacter + Azospirillum) recorded maximum tiller or shoot population (172.24 000
ha™) which was at par with combined use of 50% RDF along with biofertilizers (168.17
‘000 ha™*) but significantly superior over control (Kumar and Singh, 1999).

The application of 100% recommended dose of NK and 75%
recommended dose of P along with inoculation of sugarcane setts with phospho-

bacterium and in situ green manuring of dhaincha reported the maximum shoots



19
(169.067 000 ha™) over 100% RDF (Jeyaraman and Alagudural, 2003). After
conducting an experiment at Sugarcane Research Institute, Shahjahanpur, UP, India,
Yadav et al. (2018) also reported significantly higher number of shoots (165.28 000
ha) under the integrated application of FYM or compost @ 10 t ha™ and biofertilizers
(Azotobacter + PSB) @ 12.5 kg ha™* each along with 100% RDF as compared to 100%
RDF (148.96 <000 ha™).

Leaf area index (LAI) is an important parameter for determining the
interception of solar radiation by the crop for photosynthesis that leads to formation of
crop biomass. The leaf area index increased very sharply up to 240 days after planting
(DAP), thereafter, it decreased slowly until harvest (Bokhtiar and Sakurai, 2005;
Banerjee et al., 2018). While conducting an experiment at Agricultural Research
Station, Sankeshwar, Karnatka, India on effect of different nutrient sources, it was
found that the integrated application of 100% RDF along with FYM @ 25 t ha™,
biofertilizers like Azospirillum and PSB @ 10 kg ha™ each and micro nutrients FeSO,
and ZnSO,; @ 25 kg ha™ recorded significantly higher LAI (4.11) at 180 DAP and at
harvest (3.04), which was found to be better as compared to 100% supply of nutrients
either through organics or inorganic sources (Sridevi et al., 2016). The experiment
conducted at Bangladesh Sugarcane Research Station, revealed that combined
application of the pressmud @ 15 t ha™ along with 75% RDF recorded the highest LAI
(5.28) that was found to be superior to 100% RDF (4.53) (Bokhtiar et al., 2015).
Similarly, while conducting an experiment on effect of different integrated nutrient
management on sugarcane at Nadia, West Bengal during 2013-16, Banerjee et al.
(2018) reported that application of 25% RDN through FYM along with the inoculation
of biofertilizers (Azotobacter + Azospirillum) and 75% RDN through inorganic
fertilizers recorded maximum LAI (5.46) at 240 DAP which was significantly superior
over 100% RDN (4.00).

Application of biofertilizers along with RDF @ 250:115:115 NPK kg
ha* recorded the highest leaf area (47.3 dm™ plant™) at grand growth stage of sugarcane
over the sole application of RDF (Swamy et al., 1999). Similarly, Jamuna et al. (2002)
also reported the highest LAI with the integration of 100% RDF with biofertilizers
(Azotobacter + PSB) (4.12) followed by application of 75% RDF + biofertilizers (3.16)
and both of them were found to be superior over the control (2.07). Application of 75%
RDF in combination with of pressmud @ 20 t ha™ recorded significantly higher leaf
area plant™ (5840 cm?) and LAI (10.51) that were found to be at par with 100% RDF
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(5481 cm?, 9.87, respectively) (Soomro et al., 2013). The same treatment also reported
the highest crop growth rate (CGR) (10.35 g m™? day™) and dry matter (5542 g m™)
which were significantly superior over 100% RDF (9.11 g m? day™, 4880 g m?,
respectively). Kuri and Chandrasekhar (2015) also reported that integrated application
of FYM @ 25 t ha™ + biofertilizers (Azospirillum + PSB @ 10 kg ha™ each) + 100%
RDF (chemical fertilizers (N:P,0s:K,O @ 250:75:190 kg ha™, respectively) recorded
significantly higher CGR (20.26 g m day™) as compared t0100% RDF (17.37 g m™
day™). The higher growth rate of sugarcane under integrated nutrient management was
mainly due to the enhanced uptake of N, P and K (Nasir et al., 2000).

The dry matter accumulation per unit area highly depends upon the
growth stages of sugarcane. Banerjee et al. (2018) reported that the dry matter
production was found to be very slow at early growth stage (120 DAP) that greatly
increased with advancement of growth stages of sugarcane. They also reported that dry
matter accumulation sharply increased up to 240 DAP following a gradual increment till
maturity and about 62—64% of the total dry-matter was produced between 120 and 240
DAP. They also reported that application of 75% RDN through inorganic fertilizers
along with the addition of 25% RDN through FYM and biofertilizers recorded the
highest dry-matter accumulation (511.70 t ha™) at harvest, whereas, the lowest was
recorded under control plot (301.50 t ha™). Bokhtiar et al. (2015) also reported
significant variation in dry matter production due to different integrated nutrient
management practices. They reported significantly higher dry matter production (3.71
kg m™) under integrated supply of 75% inorganic fertilizer + pressmud @ 10 t ha™

which was statistically at par with the treatment receiving 100% RDF (3.32 kg m™).

Belowground bio-metric observations mainly include length and weight
of the roots. While evaluating the performance of integrated nutrient management on
growth and productivity of maize, Abid et al. (2020) reported that addition of organic
manures such as FYM or pressmud along with NPK significantly increased the root
length over 100% NPK throughout the crop growing stages of maize. However, the
maximum root length was obtained under the integrated supply of FYM @ 8.5 t ha™
along with NPK. After conducting an experiment at NBPGR, New Area Farm, IARI,
New Delhi during 2007-08 and 2008-09, Meena et al. (2013) reported that treatment
receiving 75% RDF + FYM + BF + Zn recorded maximum root dry weight of 1.00 g
plant™ in wheat during 2007-08 at 45 DAP, while, treatment receiving RDF + FYM +
BF + Zn recorded the highest root dry weight (0.99 g plant™) during 2008-09 and both
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of them were found to superior to 100% RDF (135 kg N + 60 kg P,Os + 60 kg K,0)
(0.69 and 0.76 g plant ™) in the respective years. Similarly, at 90 DAS, highest root dry
weight (2.73 and 2.74 g plant %) was observed with RDF + FYM + BF + Zn during both
the years of investigation which was significantly higher over 100% RDF only. They
also reported that treatment receiving RDF + FYM + BF + Zn registered significantly
higher root length in both 45 (22.8 and 21.90 cm) and 90 DAP (45.6 and 46.90 cm) over
treatments receiving RDF only during both the years. In earlier experiment, Banwasi
and Bajpal (2001) reported that combined application 50% NPK + 50% N through
green manure in rice significantly increased the root dry weight of rice (0.55 g hill™%)
which was found to be at par with 100% RDF (0.53 g hill™) but found superior to other

treatment combinations.

Estimation of chlorophyll content is very important for determining the
photosynthesis efficiency of crop as well as plant health. The nutrients mainly Mg and
N are responsible for formation of chlorophyll in leaves which was influenced by soil
nutrient management practices. The integrated nutrient management practices i.e.
application of bio fertilizers, FYM along with recommended dose of nutrients N, P,Os
and K,O @ 500:170:127 kg ha™ enhanced plant growth, total chlorophyll content and
nitrate reductase activity of sugarcane on vertisols (Nazirkar and Kamthe, 2012). The
application of chopped trash @ 8 t ha' and biofertilizers viz., PSB, Azotobacter,
Acetobacter and Azospirillum along with RDF significantly increased the total
chlorophyll content (1.86 mg g™) as compared to control (0.92 mg g*) as well as RDF
(1.11 mg g™) (Nazirkar et al., 2010). Similarly, the combined use of 75% RDN through
chemical fertilizer along with FYM and biofertilizers reported an increasing trend in
chlorophyll a, chlorophyll b and total chlorophyll as compared to 100% RDN through
inorganic fertilizer (Banerjee et al., 2018). An experiment conducted by Bokhtiar et al.
(2015) at Bangladesh Sugar Crop Research Institute, Ishurdi, Pabna, Bangladesh,
revealed significant variation in chlorophyll content among the various nutrient
treatments. They found that application of pressmud enriched by Trichoderma viride @
7.5 t ha™ along with 100% RDF recorded significantly higher chlorophyll content in
leaves (2.58 mg g™*) that was found to be at par with 100% RDF (2.06 mg g™) .

2.2.2 Yield attributing characters

The yield attributing characters played an important role in determining
the cane yield of sugarcane. The yield attributing characters mainly include number of
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millable canes, cane girth, number of internodes cane™, single cane weight, cane length
etc. Zende et al. (1998) reported significantly higher cane girth (10.5 cm) and number
of internodes cane™ (22.5) due to the application of 5 t ha™ of vermicompost along with
75% RDF as compared to RDF alone. From an experiment conducted at research farm
of Regional Research Station, CCS Haryana Agricultural University, Karnal, India,
Kumar et al. (2019) reported that application of FYM @ 15 t ha™* along with 100% RD
of NPK significantly increased the yield attributing parameters viz., cane girth (2.73
cm), cane length (2.97 m), single cane weight (0.92 kg) and number of millable canes
(101.399 ‘000 ha™) over recommended dose of NPK (2.44 cm, 2.67m and 97.223°000
ha™, respectively). In another experiment, application 100% RDF along with the
incorporation of dhaincha at 60 days and phospho-bacterium culture @ 10 kg ha ™
reported the highest number of millable canes up to 133,660 ha™ in sugarcane
(Jeyaraman and Alagudural, 2003). Similarly, while conducting an experiment at
Agriculture Research Institute, Tandojam, Pakistan, Soomro et al. (2013) also reported
significantly higher cane girth (2.63 cm), number of internodes plant™ (16.99), length of
internode (13.33 cm) and number of millable canes (120.0 000 ha™) under the
combined application of 75% RDF + FYM @ 20 t ha™ which was statistically at par
with combined application of 75% RDF + pressmud @ 20 t ha™ but found to superior
over 100% RDF.

The beneficial effects of INM on yield attributing characters were also
reported by Banerjee et al. (2018). After conducting an experiment at Nadia, West
Bengal for three consecutive years in spring planted sugarcane they found that
application of N through inorganic fertilizers along with FYM and biofertilizers
significantly increased the yield attributes as compared to the application of inorganic
form of N fertilizer alone. Among the treatments, application of 75% RDN through
inorganic + 25% RDN through FYM + Azotobacter + Azospirillum recorded the highest
number of millable canes (73,180 ha™), cane length (220 cm), single cane weight (0.85
kg) and cane diameter (2.39 cm) that were found to be superior over 100% RDN

through inorganic.

From the experiment conducted at Regional Agricultural Research
Station, Anakapalle, India, on clay loam soil in sugarcane plant-ratoon system, Lakshmi
et al. (2011) reported that application of vermicompost along with RDF recorded the

highest number of millable canes in both plant (94,458 ha™) as well as ratoon crop
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(86,450 ha™) which was found to be significantly superior over RDF alone (88,166 and
81,423 ha, respectively).

2.3.3 Cane yield

Cane yield is a function of yield attributing characters such as number of
millable canes (NMC), single cane weight, length of internode and cane diameter at
harvest etc. Gana and Busari (2006) reported that application of FYM in combinations
with other nutrients improved the growth as well cane yield as compared to sole
application of NPK fertilizer. Similarly, Kumar and Verma (2002) also reported that
integrated application of FYM along with recommended dose of NPK recorded
significantly higher cane yield (59.20 t ha™*) which was found to be at par with the
treatment receiving recommended dose of NPK along with green manuring. The
beneficial effect of FYM @ 10 t ha™* along with 100% RDF over 100% RDF was also
reported by Gangwar and Sharma (1998). The beneficial effect of FYM on cane vyield
was also reported by Sharma et al. (2005).

On the other hand, Yaduvanshi et al. (1985) opined that green manuring
did not influence the yield of neither plant cane nor the subsequent ratoon crop.
However, the combined application of organic sources of nutrients i.e. biofertilizers
along with chemical fertilizers improved the cane yield and the effect was more
pronounced at lower fertilizer level (50% NPK) than at higher level (75% NPK). The
cane Yyield recorded under the application of organic manures like compost, enriched
pressmud and biofertilizers along with either 50 or 75% NPK was found to be at par
with application of 75 and 100% NPK through chemical fertilizers (Rakkiyappan et al.,
2001).

Patel and Chaudhari (2018) also reported that integration of chemical
fertilizers along with organic and biological sources of nutrients was found to be better
as compared to inorganic fertilizer alone. They revealed that integration of FYM @ 10 t
ha™ and biofertilizers (Acetobacter + PSB) along with inorganic fertilizer (NPK) on soil
test basis recorded more cane yield (125 t ha') in plant-ratoon system as compared to
other nutrient combinations. While evaluating the effect of integrated nutrient
management on plant-ratoon system of sugarcane, Kumar et al. (2016) reported that the
treatment receiving 100% NPK + 25% N through FYM + Azotobacter produced the
highest cane yield of 89.8 t hatin plant crop and the application of 100% of

recommended NPK + trash incorporation + Azotobacter produced the highest cane yield
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of 78.0 t ha™t in ratoon crop and both of them were found to be significantly superior
over 100% RDF (84.3 and 72.2 t ha™, respectively). Tyagi et al. (2012) also reported
27.7% increase in plant cane yield due to the application of 100% NPK + 25% N
(FYM) + biofertilizers (Azotobacter + PSB) as compared to 100% NPK alone through
inorganic fertilizers. The increase in cane yield might be due to better utilization of
applied inorganic fertilizers in combination with organic manures and biofertilizers than
inorganic fertilizer alone. The beneficial effect of FYM might be due to improvement in
soil properties such as soil aeration, permeability, aggregation, water-holding capacity
and biological properties, thereby enhancing the nutrient use efficiency and ultimately

leading to better plant growth (Paikaray et al., 2011).

In another experiment, the integrated use of 25% RDN through FYM +
Azotobacter + Azospirillum inoculation along with 75% RDN through inorganic
fertilizers produced the maximum cane vyield (86.10 t ha™) which was significantly
superior over 100% RDN (65.79 t ha'') (Banerjee et al., 2018).

The combined application of FYM @ 10 t ha™, biofertilizers and 100%
recommended dose of NPK recorded significantly higher cane yield (87.98 t ha™) as
compared to 100% recommended dose of NPK (75.84 t ha™) (Kumar et al., 2019). The
maximum cane yield of both plant (113.10 t ha™*) and ratoon crop (98.84 t ha™) under
the integrated supply of FYM or compost @ 10 t ha™, biofertilizers (Azotobacter +
PSB) @ 12.5 kg ha™ along with inorganic fertilizers on the basis of soil test as
compared to 100% RDF (82.64 and 83.56 t ha™, respectively) was also reported by
Yadav et al. (2018). The significant increase in cane yield due to the combined
application of FYM, biofertilizers along with inorganic fertilizers as compared to
inorganic fertilizer was also reported by Durai and Devaraj (2003). The application of
biofertilizers like Azotobacter and Acetobacter was able to save 25 to 30% of nitrogen
and increased the yield up to 15% in sugarcane (Kumar and Singh, 1999). After
conducting an experiment at CCS, Haryana to evaluate the effect of integrated nutrient
management in sugarcane, Kumar and Chand (2013) reported that inclusion of organic
manures such as FYM or pressmud cake or green manure along with recommended
dose of NPK produced 3-5% higher yield in plant and 5-8% in subsequent ratoon
crops than the NPK alone.
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2.2.4 Juice quality and sugar yield

The analysis of the quality indexes of sugarcane juice plays a vital role in
the process of cultivation as well as production management. The application of 100%
RDF through inorganic fertilizers alone reduced the quality of juice in terms of brix,
sucrose and purity percent in late planted sugarcane variety CoS-767 as compared to
control, whereas, the combination of both organic and inorganic fertilizers improved the

quality of sugarcane over 100% NPK (Gangwar et al., 2003)

After evaluating the long term effect of different levels of nitrogen
applied either alone or in combination with organic manures on quality parameters of
sugarcane at Sugarcane Research Institute, Bihar, India, Umesh et al. (2013) reported
significant variation in content of commercial cane sugar (%) as well as pol (%). But
other cane juice quality parameters viz., brix, sucrose and purity coefficient did not
differ significantly due to various treatments. Besides this, they also reported that
integrated application of 100% RDF along with biogas slurry @ 20 t ha™ enhanced
significantly the juice quality parameters like CCS (13.0 %), pol (18.1%) and sugar
yield (9.1 t ha™) over 100% RDF (12.0%, 16.8% and 6.8 t ha™, respectively). Prasada et
al. (1998) also reported that application of nitrogen in the form of organic manures and
inorganic fertilizers tended to improve sugar recoveries. In another experiment, Kumar
et al. (2019) reported that application of 100% RDF along with FYM @ 10 t ha™ and
biofertilizers significantly improved the sugar yield (11.1 t ha™) than 100%
recommended dose of NPK (9.5 t ha™). Similarly, Tyagi et al. (2012) also reported
26.5% more CCS vyield with the application of 100% NPK + 25% N (FYM) +
biofertilizers (Azotobacter +PSB) as compared to 100% NPK.

Commercial cane sugar (CCS) which is a function of cane yield and
sucrose content exhibited similar trend of cane yield (Singh et al., 2007; Thakur et al.,
2012). Kumar and Chand (2013) also reported significant increase in CCS% in both
plant and ratoon crop of sugarcane due to integration of either FYM @ 12.5 t ha™ or in
situ green manuring of Sesbania aculeata along with NPK as compared to NPK alone.
They also reported significant improvement in sugar yield under said treatment
combination. According to Lakshmi et al. (2011) the juice quality parameters such as
sucrose, CCS and purity (%) remained unaffected due to different sources of manures.

Kumar and Gaddanakeri (2015) also reported insignificant difference in juice quality
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parameters like brix, pol and purity (%) due to different nutrient management practices.

Similar results were also reported by Sridevi et al. (2016).
2.3 Effect of integrated nutrient management on soil health and nutrient status

The basic concept underlying the integrated nutrient management system
nevertheless is the maintenance and possible improvement of soil fertility for sustained
crop productivity (Yadav, 2000). Soomro et al. (2013) reported 25% saving of

inorganic fertilizers due to application of FYM or pressmud @ 20 t ha™.

Balanced use of organic, inorganic and biofertilizers is very essential to
maintain a good physical and chemical environment in soil. It also serves as an energy
source for the soil microbial biomass and sustained the sugar productivity. Integrated
nutrient supply has proved superior to the use of its components separately (Singh and
Yadav, 1992). Tolanur and Badanur (2003) stated irrespective of nutrient sources, the
effect of organic manures in conjoint with inorganic fertilizers was found to be superior

over the inorganic treatment alone.

Kumar et al. (2015) also reported that application of biofertilizers along
with 75% RDF recorded significantly higher microbial population such as fungi,
bacteria, actinomycetes, PSB and Azotobacter than NPK without biofertilizers and thus
able to compensate the application of 25% recommended dose of nitrogen and

phosphorus.

Combined application of organic manures along with inorganic
fertilizers was also reported to increase the soil organic carbon content due to addition
of organic matter through manures as compared to chemical fertilizers alone. The
inclusion of organic manures such as FYM, press mud, press mud cake, green manure
along with recommended dose of NPK increased the soil organic carbon (OC %) from
0.39 up to 0.52% in first year plant crop and 0.44 up to 0.48% in subsequent ratoon
crop (Kumar and Chand, 2013). This corroborated the findings of Singh et al. (2001).
The application of FYM and green manure was also found to increase the organic
matter in soil (Bokhtiar et al., 2002). Kumar et al. (1999) conducted an experiment at
Regional Research Station, Karnal, during 1996-97 for two sugarcane plant crops in
sequence and result revealed that the application of FYM, press mud and green manure
with dhaincha increased the organic carbon in soil, whereas, the same was decreased
when no fertilizers were applied. The increase in organic carbon content in soil with the

application of FYM, pressmud and green manure were also reported by Rabindra et al.
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(1985) and Yaduvanshi and Yadav (1992). Lakshmi et al. (2011) also reported
significantly higher organic carbon of 0.54% in plant crop and 0.55% in ratoon crop
under the treatment receiving FYM @ 25 t ha™* + RDF as compared to RDF alone (0.49
and 0.49%) under plant-ratoon system. They stated that addition of huge quantities of
manure i.e. @ 25 t ha’ might be responsible for improvement in soil physical and

biological environment.

The integrated use of organic manures and inorganic fertilizers not only
sustain soil and crop productivity but also protects soil health and prevents emergence
of multiple nutrient deficiencies in soil system (Umesh et al., 2013). Apart from
increasing the cane yield, the combined application of FYM or compost @ 10 t ha™ +
soil test-based RDF + biofertilizers (Azotobacter + PSB) @ 12.5 kg ha™ each greatly
increased the amount of soil available nutrients such as P,Os (10.93 kg ha), K,O
(165.33 kg ha) as compared to inorganic fertilizer alone (10.00 and 140.67 kg ha™,
respectively) (Yadav et al., 2018). In another experiment, Kumar and Verma (2002)
reported that application of organic manure along with N, NP or NPK increased the
availability of P and K in sugarcane grown field as compared to sole application of
inorganic fertilizers. On the other hand, the available N and K,O was not significantly
affected due to application of different organic manures viz., FYM, pressmud,
Azotobacter and vermicompost along with inorganic fertilizers @ 100, 75 and 50%
RDF on sugarcane var. Co- 8338. However, available P,Os was significantly affected
after the harvest of both plant and ratoon sugarcane (Trivedi et al., 1997). The treatment
receiving 100% RDF + FYM @ 20 t ha™ significantly showed highest value of
available P,Os (45.03 kg ha™ for plant and 56.63 kg ha™ for ratoon).

The soil available N that played a major role in growth and development
of sugarcane decreased with advancement of crop growth (Kumar et al., 2017). But, the
integrated application of FYM, seasoned press mud and fertilizers had marked influence
on soil available N (Venkata and Ravichandran, 2012). The application of 25% less
inorganic fertilizers to the recommended level of chemical fertilizers along with press
mud or FYM could be used to prevent nutrient depletion and maintain productivity as
well (Bokhtiar et al., 2005). Bokhtiar and Sakurai (2007) also reported that application
of FYM or pressmud @ 15 t ha™ along with chemical fertilizers of N17Ps3Ks4S26ZN26
kg ha® increased the soil available nutrients (N, P and S) and microbial count as
compared to 100% RDF alone. Thus, reported the saving of 25% inorganic fertilizers

due to addition of organic sources of nutrients such as FYM or pressmud. Gana and
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Busari (2006) from Nigeria reported that FYM contributed highest amount of N (51 to
53.1 kg N ha™) to soil, thus helped in saving of inorganic fertilizers. The application of
biofertilizers particularly phosphate solubilizing bacteria (PSB) was found to be
effective when applied along with lower levels of phosphorous i.e. 60 kg P,Os ha™
(Bangar and Sharma, 1997). The PSB might have increased the solubility of insoluble
phosphate that facilitated better availability of soil phosphorous (Kapoor et al., 1989).
On the other hand, Yadav and Prasad (1992) reported that integrated application of both
organic and inorganic fertilizers did not influence the soil organic carbon as well as

available N, P, K after harvest of sugarcane crop.

The integrated nutrient management practices did not show any
significant difference in soil pH and EC (Banerjee et al., 2018). However, the addition
of organic manures like FYM, vermicompost and pressmud cake decreased the soil pH
from the initial value while, the application of chemical fertilizers slightly increased the

soil pH due to accumulation of some salts (Lakshmi et al., 2011).

2.4 Effect of integrated nutrient management on nutrient content and uptake by

plants

Application of inorganic fertilizers coupled with FYM and biofertilizers
significantly influenced the plant nutrient content at different growth stages of
sugarcane. The N, P, K and S content were comparatively higher at tillering stage than
the grand growth as well as subsequent growth stages (Banerjee et al., 2018).
Application of organic manures in combination with chemical fertilizers have been
reported to increase the absorption of N, P and K in sugarcane leaf tissue in both plant
and ratoon crop as compared to chemical fertilizer alone (Bokhtiar and Sakurai, 2005).
In another experiment, Bokhtiar et al. (2015) reported that integrated nutrient
management significantly influenced the nutrient content of sugarcane leaves at 150
DAP and among the treatments, the integration of 75 % RDF + pressmud enriched by
Trichoderma viride @ 7.5 t ha™ recorded significantly higher N (1.54%) content that
was at par with RDF + pressmud enriched by Trichoderma viride @ 7.5 t ha™ (1.47%),
but found to be superior over 100% RDF (1.32%). But in case of P and K content, the
application of RDF + pressmud enriched by Trichoderma viride @ 7.5 t ha™ recorded
significantly higher values (0.13 and 1.24%, respectively) that was found to be at par
with RDF (0.13 and 1.18%, respectively).
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Keshavaiah et al. (2012) also reported significantly higher N (463.05 kg

hat) and P (34.26 kg ha™) uptake during harvesting and higher K uptake (239.34 kg
ha) at 6 months stage under the combined application of pressmud (75 kg N equivalent
ha) + biofertilizers (50 kg N equivalent ha™) along with chemical fertilizer (125 kg N,
50 kg P and 62.5 kg K,O ha™) as compared to chemical fertilizers alone and treatments
comprised of different organic nutrients. This indicates that neither organic nor
inorganic sources alone could meet the nutrient requirement of sugarcane crop. On
other hand More et al. (2007) reported significantly higher N uptake under 100% RD of

nitrogen as compared to integration with sub optimal dose.

However, greater availability of N through sunhemp, biofertilizers and
inorganic nutrients increased the N uptake by sugarcane (Manimaran and
Kalyanasundaram, 2006). It was also reported that application of pressmud as organic
source of nutrient recorded the highest N uptake by plant (227.7 kg ha™*) as compared to
any other organic source (Singh et al.,, 2007). Similarly, the application of
vermicompost @ 2.5 t ha™* along with RDF recorded significantly higher N uptake (301
and 301 kg ha™) which was found to be at par with application of FYM along with RDF
(298 and 301 kg ha™), but superior to RDF alone (288 and 291 kg ha™) under plant-
ratoon system (Lakshmi et al., 2011). This might be due to improved physical condition
of soil with better N availability which led to maximum uptake in these treatments
(Singh et al., 1995). However, irrespective of manure sources, combined application of
inorganic and organic sources resulted in higher NPK uptake than inorganic source
alone (Lakshmi et al., 2011).

Application of K along with vermicompost and Gluonacetobactor
diazotrophics recorded significantly higher K uptake (651.6 kg ha™) in ratoon crop as
compared to sole K (Singh et al., 2007). The sugarcane crop supplemented with 75%
RDF (169-84-126) along with 20 t ha™ of pressmud recorded significantly higher
concentration of N (1.35%), P (0.37%) and K (1.59%) in addition to higher uptake of N
(150.14 kg ha™), P (40.94 kg ha) and K (168.95 kg ha™) as compared to 100% RDF
(Soomro et al., 2012).

2.6 Effect of integrated nutrient management on economics of sugarcane

The higher B-C ratio of 6.36 was obtained when pressmud @ 20 t ha™
was applied along with three-fourth of the recommended dose of inorganic NPK

fertilizers as compared to application of FYM @ 20 t ha™ along with three-fourth of the
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recommended dose of inorganic NPK fertilizers (5.48). While, maximum net return of
T 1,79,760 was obtained with the application of FYM @ 20 t ha™ along with the
application of three-fourth of the recommended inorganic NPK fertilizer (Soomro et al.,
2013). The integrated application of FYM @ 10 t ha™, bio fertilizer (Acetobacter +
PSB) along with inorganic fertilizer (NPK) on soil test basis recorded the highest net
return (T 298938 ha ) and B-C ratio (3.50) over other integrated nutrient management
practices as well as sole application of inorganic fertilizer (Patel and Chaudhari, 2018).

Similar finding was also reported by Yadav et al. (2018).

2.7 Crop establishment techniques and integrated nutrient management on growth

and yield of sugarcane

Sugeerthi et al. (2018) conducted an experiment at Sugarcane Research
Station, Cuddalore during 2017-18 to select an appropriate planting material of
sugarcane seed crop and to ascertain the effective integrated nutrient management
package to enhance the productivity of the same. Among the planting techniques,
planting of bud chip seedlings recorded higher establishment percentage (87.01), plant
height (229.46 cm), tiller population (113.01 <000 ha™), dry matter production (85.87 t
ha™), single cane weight (1.80 kg cane™), seed cane yield (98.32 t ha™), gross return
(X 2,94,962 ha), net return (X 1,83,040) as well as B-C ratio (2.63). Among integrated
nutrient management practices, application of 75% of recommended NPK + Azophos +
in situ incorporation of sunnhemp + foliar spraying of sugarcane booster resulted in
higher establishment percentage (78.20), plant height (217.06 cm), tiller population
(105.45 <000 ha), dry matter production (86.77 t ha), single cane weight (1.59 kg
cane™), seed cane yield (88.71 t ha™), gross return (X 2,66,138 ha™) net return
(¥ 1,56,819) and B-C ratio (2.42).
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CHAPTER Il
MATERIALS AND METHODS

An experiment was conducted to study the “Performance of bud chip
seedlings under integrated nutrient management in autumn planted sugarcane
(Saccharum officinarum L.)”. The investigation was carried out for two consecutive
years 2017-18 and 2018-19 at Sugarcane Research Station, Assam Agricultural
University, Buralikson, Assam. The details of material used and methods adopted

during the present investigation are described in this chapter.
3.1 Geographical location of the experimental site

The experiment was conducted consecutively for two years i.e. 2017-18
and 2018-19 at the experimental farm of Sugarcane Research Station situated at village
Buralikson, Golaghat district which is 45 km away from the AAU Headquarter, Jorhat,
Assam. The place is situated between 26.46°N latitude, 94.12°E longitude and having
an altitude of about 86.6 M above the mean sea level. It is the only research station on
sugarcane in the entire NE region and the soil and weather is suitable for sugarcane

cultivation.
3.2 Climate and weather conditions

The agro-climatic conditions of experimental area of Sugarcane
Research Station, Buralikson, Golaghat falls under Upper Brahmaputra Valley Zone of
Assam typically characterized by sub-tropical humid with hot summer and cold winter.
The average annual rainfall of the district is more than 2000 mm with uneven
distribution of rainfall throughout the year. The monsoon rain starts from the month of
June and continues up to the month of September - October with the pre monsoon
showers from mid March to April. The intensity of rainfall decreases from mid of
October and reaches minimum during December-January. Being an area under sub-
tropical humid region, the relative humidity is very high during the monsoon with less
relative humidity during the cold months. The mean monthly maximum temperature
ranges between 34-37°C during summer, while, the minimum temperature range falls

between 8-10°C during winter.



32

The meteorological data of the experimental plot recorded at the

meteorological observatory of Sugarcane Research Station, Buralikson, Golaghat during

the crop season of the experiment have been presented in Annexure I(a) and Annexure
I(b) and illustrated diagrammatically in Fig. 3.1(a), 3.1(b), 3.1(c) and 3.1(d).

During both the years of experimentation, the crop received sufficient
amount of rainfall throughout the growing period. The rainfall received during first year
i.e. mid October, 2017 to 1* week of January, 2019 was comparatively less as compared
to second year crop grown between mid October, 2018 to 1% week of January, 2020.
Altogether, an amount of 1858.0 mm rainfall was received during 2017-18 with 94 of
rainy days, while an amount of 2265.7 mm rainfall was received with 122 of rainy days

during 2018-19 from planting to harvesting.

The weekly mean maximum temperature ranged from 22.5 to 35.0°C and
20.7 to 34.8°C from sowing to harvesting during 1% and 2" year crop, respectively. The
weekly mean minimum temperature ranged between 8.2 to 26.9°C during 2017-18 and
8.1t0 26.8°C during 2018-19.

The weekly average relative humidity during the morning hours ranged
from 85 to 100 and 86 to 100% during growing period of 1% and 2™ year crop,
respectively. While, the weekly average relative humidity during evening hours ranged
from 53 to 83% during 2017-18 and 53 to 90% during 2018-19.

The maximum weekly bright sunshine hours of 8.4 hours day™ was
recorded during 1% year and 8.2 hours day™ was recorded during the second year. While
the minimum weekly bright sunshine was 1 hour day™ during 1% year and 0 hr day™ was

received during 2" year crop.
3.3 Cropping history and selection of site

A rectangular shaped medium upland area of length 78 metre and
breadth 24 metre was selected for the experiment in the Sugarcane Research Station,
Buralikson, Golaghat. The sites selected for 2017-18 and 2018-19 were adjacent to each
other. In the experimental site sugarcane was grown year after year as monocrop.
However, just to build up the organic matter the land remained fallow occasionally. In
both the years of experimentation, the crop was grown during the autumn season after
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harvesting of spring planted sugarcane and before conducting the experiment, the land

was remained fallow in both the sites.
3.4 Initial analysis of soil physic-chemical and biological properties

For determining the physico-chemical properties of the experimental
area, the representative soil samples were collected randomly from 0-30 cm during both
the years. The collected composite samples were air dried and ground with a wooden
roller and finally passed through 0.2 mm sieve. After thorough mixing, the soil samples
were analyzed for both physical and chemical properties of soil. The results of soil

analysis and methods used for determination are presented in Table 3.1.

From the Table 3.1, it can be summarized that soils of the experimental
site in both the years i.e. 2017-18 and 2018-19, were clay loam in texture, acidic in
nature (pH 5.46 and 5.48), medium in organic carbon (0.71 and 0.68%) and available
K,0 (194.33 and 187.66 kg ha™*) low in available N (231.42 and 226.77 kg ha™ kg ha)
and available P,Os (19.28 and 18.64 kg ha™).

3.5 Variety

The sugarcane variety CoBIn 9104 (Lohit) is an early as well as mid
maturing variety specially recommended for Assam. The variety is known for its
profuse tillering ability with very good yield (70-80 t ha™) as well as jaggery (gur)
recovery (10-12%) and recommended for all six zones of Assam. The variety is

moderately susceptible to top and plassey borer.
3.6 Experimental details

The experiment on sugarcane was carried out during autumn season for
two consecutive years 2017-18 and 2018-19. The experiment was laid out in split plot
design with three replications. The treatments were allocated randomly to each plot to
avoid biasness. The experiment comprised of combination of fifteen treatments with
three treatments under main plot and five treatments under sub plot. The details of

treatments are presented below and layout of the experiment is presented in Fig. 3.2.



Table 3.1. Physico-chemical and microbiological properties of the experimental

site

Soil property

Value
(2017-18)

Textural

Method

(2018-19) class/rating employed

A. Mechanical composition

i) Sand (%)

ii) Silt (%)

iii) Clay (%)

B. Chemical properties

i) Soil reaction (pH)

i1) Organic carbon (%)

iii) Available N (kg/ha)

iv) Available P,0s (kg/ha)

v) Available K,0 (kg/ha)

C. Biological properties
(Soil microbial properties)
) Bacteria
i) Fungi

41.14

25.60

33.24

5.46

0.71

231.42

21.38

187.64

5.36
4.48

40.75

25.41

3382

5.48

0.68

226.77

20.44

184.32

5.26
4.37

clay loam
in texture

Acidic

Medium

Low

Low

Medium

International
pipette method
(Piper 1966)

Glass electrode
method,
(Jackson, 1973)

Wet Digestion
Method (Walkey
and Black, 1934)

Alkaline
potassium
permanganate
method (Subbiah
and Asija,1956)
Bray-1 Method
(Jackson, 1973)

Flame Photometer
Method (Jackson,
1973)

Serial dilution
technique
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Fig. 3.1(b). Meteorological parameters during the crop growth period of sugarcane
(2017-18)
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3.6.1 Design and layout
Design
Treatment Combinations
Replications
Total no. of plots
Gross plot size
Gross area
Net area
Variety
Row spacing

3.6.2 Treatment details

37

: Split Plot Design

115

3

:15x3=45

: 7.2 m x 3.6 m= 25.92 m?
: 1872 m?

: 1166 m?

: CoBIn 9104 (Lohit)

. As per treatments

Main plot (Crop establishment techniques)

M;: Conventional method of planting

M.: Planting of bud chip seedling at a spacing of 90 cm x 60 cm

Ms: Planting of bud chip seedling at a spacing of 120 cm x 60 cm

Sub plot (Integrated nutrient management)

F.: Recommended dose of fertilizer (RDF): 135- 70- 60 N-P,05-K,0 kg ha™

F,: 100% RDF + vermicompost @ 1t ha™ + green manuring (cowpea incorporation)
+ biofertizers (Azotobacter + PSB) @ 10 kg ha™ each

F3:100% RDF + enriched compost @1t ha™ + green manuring (cowpea

incorporation)

Fs: 75% RDF + FYM @ 5 t ha™* + vermicompost @ 1 t ha™* + green manuring

(cowpea incorporation) + biofertilizers (Azotobacter + PSB ) @ 10 kg ha™* each
p Y g

Fs: 75% RDF + FYM @ 5t ha™ + enriched compost @1 t ha™ + green manuring

(cowpea incorporation)

3.6.3 Imposing of treatments in main field

In case of main plot there were three crop establishment techniques, out

of these in M, and M3, (as shown in treatment details),sugarcane bud chip seedling were
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planted in two different planting geometry. For raising sugarcane bud chip seedlings,
the bud chip along with a portion of cane were extracted and after that they were treated
with fungicidal solution for 10 minutes and dried in shade for two hours. The treated
bud chip portions were then planted in plastic cups using vermicompost as growing
media. For quick germination of seedling regular watering was done to maintain the
optimum moisture content and stopped the watering process just 3-4 days before

transplanting into main field.

While in case of Mj, conventional 3 budded planting methods was
followed. In this crop establishment technique, canes were cut in such a way that each
portion had at least 3 healthy buds and the three budded setts were planted directly in
main field with furrows of 90 cm apart. Before planting the setts in main field they were
treated with fungicidal solution to avoid any sett born diseases.

In case of sub plot, five treatments comprised of integrated nutrient
management were randomly allocated. Out of these one was totally inorganic and rest
four was combination of different organic, inorganic source of nutrients as well as
biofertilizers. Regarding the application of inorganic fertilizers, one third of N and K;O
and full dose of P,Os were applied as urea, MOP and SSP in furrows just one day
before planting and they were thoroughly mixed with the soil. While, other two splits

were applied during the time of first and second earthing up operation.

In case of organic source of fertilizer, the well decomposed farmyard
manure (FYM) was locally collected from nearby areas of experimental site. While
biofertilizers, both Azotobacter and phosphate solubilizing bacteria (PSB) as well as
vermicompost and enriched compost were collected from department of soil science,
Assam Agricultural University, Jorhat. All the organic sources like FYM, enriched
compost, vermicompost were applied on dry weight basis as basal as per treatments.
Bio-fertilizers were applied to soil @10 kg ha™ each of Azotobacter and PSB by mixing
with vermicompost as per treatments. In all the treatments excluding 100% RDF,
cowpea was grown in situ as a green manuring crop in between rows of main crop and
incorporated in soil at 65 days after panting. The nutrient content of all these organic

sources were determined before applying in crop field (Table 3.2 and 3.3).



39

Table 3.2. Moisture and NPK content of organic inputs

Particulars FYM Vermicompost Enriched compost

2017-18  2018-19 2017-18  2018-19 2017-18 2018-19

Moisture (%) 35.34 34.72 46.84 45.88 33.48 33.46
N content (%) 0.58 0.54 1.87 1.85 1.63 1.66
P content (%) 0.23 0.22 1.16 1.13 0.73 0.72
K content (%) 0.51 0.48 1.44 1.44 111 1.06

Table 3.3. Nutrient composition and contribution from green manuring of cowpea

Year Average Dry Nutrient content N P K
biomass yield (%) (kgha') (kgha')  (kgha)
(gha™)
N P K
2017-18 22.06 1.65 0.56 111 36.40 12.36 24.48
2018-19 21.74 1.67 0.57 1.13 36.31 12.40 24.56

3.7 Agronomic practices followed for growing the autumn planted sugarcane

The schedules of field operations carried out during the experimentation

are given in Annexure 2.
3.7.1 Preparation of land and layout

The first land preparation was done one month before planting of crop by
giving one deep ploughing with tractor drawn disc plough followed by two cross
harrowing by disc harrow. The land was made free from all unnecessary weed biomass,
stubbles, debris and undecomposed plant materials. Then the field was leveled and plots
were laid according to the layout plan given in Fig. 3.2. After that treatment

combinations were applied randomly as per statistical design.
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3.7.2 Irrigation

In the main field, irrigation was given in furrows just after transplanting
of the seedling for easy and quick establishment of seedlings and for proper germination
of setts. Also supplementary irrigation was given during the dry period mainly in

December for proper growth of the crop.
3.7.3 Gap filling

To maintain the proper plant population, gap filling was done in all the
crop establishment techniques. In case of bud chip seedlings the dead seedlings were
replaced by fresh seedlings within ten days after transplanting and in case of
conventional method the pre germinated setts planted in adjutant area of the

experimental field planted in same date were utilized for gap filling.
3.7.4 Earthing-up

Earthing-up of sugarcane were generally done to support the plant and to
avoid lodging of the cane stalk. In all the treatments two times earthing up were done,
one partial earthing up at 90 days after planting and full earthing up at 150 days of
planting . The initial growth of stalks were very slow because of low temperature due to

which the full earthing up was done at bit late than the spring planted crop.
3.7.5 Pest and disease management

All the recommended package and practices developed by Assam
Agricultural University were followed for control of pest and diseases of sugarcane to
find out the best effect of treatments. Prior to planting of setts as well as bud chip it was
treated with 0.1% Carbendazim for 10 mins. The crop was infested by early shoot borer
during both the years and to control it Choloropyriphos 20 EC of 0.02% was applied at
the whorl. To control the problem from red ants as well as termites Malathion 5% dust

was applied in furrows before planting.
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3.7.6 Time of harvesting

Maturity of cane stalk was determined by measuring the brix (%) in cane
with the help of hand refractometer following the standard field procedure

recommended by Sugarcane Research Station, Assam Agricultural University.
3.7.7 Harvesting of canes

The millable canes of the net plot area (excluding the border rows) were
harvested with the help of sickles by cutting at ground level. To determine the stripped
cane yield all the green top and dry leaves from the stalks were separated from the cane.
The bundles of millable cane were weighed and computed the yield on tones ha™ basis.
Similarly the weight of green and dry leaves were also weighed separately and then

converted into tones ha™.
3.8 Biometric observations recorded

Starting from planting/transplanting up to final harvesting various
measurements on growth, yield attributing and qualitative characteristics were made in
order to assess the treatment effect. The following parameters were taken adopting
proper procedure. Ten representative plants/mother plants from each plot were

randomly selected and labeled for subsequent observations for some of the characters.
3.8.1 Growth parameters
3.8.1.1 Number of total shoots population (‘000 ha™)

The total number of shoot population from the net plot area were
calculated at 30 days interval starting from 90 to 240 days after planting and converted

into ha. The shoot population figure was expressed in ‘000 ha™.
3.8.1.2 Number of shoots per plant™

For determining the average number of shoots plant” at periodical
interval, the total number of tillers of selected plant was counted at a regular interval
and their average was taken in case of M, and M; technique, while in case of
conventional method (M;), total shoot population from two rows were calculated and it

was divided by mother shoot counted at the time of germination period.
3.8.1.3 Number of physiologically active leaves shoot™

It was recorded by randomly selecting five shoots or tillers in each plot
through a random selection and then number of green leaves on each shoot were
counted and averaged.
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3.8.1.4 Plant height (cm)

The height of fifteen randomly selected plants was measured in
centimeters from the base of the plant to the collar region at an interval of 60 days. The

mean height was expressed in centimeter.
3.8.1.5 Leaf area shoot™

Functional leaves i.e. green leaves were counted on the primary tillers of
plant sampled by uprooting the plants, and then measuring the total leaf area by
measuring the length and breath. Leaf area was measured manually by using the
formula described by Hunt (1978).

Leaf area = Leaf length x leaf width x CF (0.75).

The leaf area of randomly selected three (3) primary shoots from three
(3) mother plant was calculated and their average was taken.

3.8.1.6 Leaf area index (LAI)

Leaf area of ten randomly selected stalks from each treatment plot at
periodical intervals was measured as mentioned earlier. After that leaf area index (LAI)

was determined by using the formula given below:

_ Leaf area (m?)
Ground area (m?)

3.8.1.7 Leaf area duration (LAD) (days)

Leaf area duration of a crop is measure of its ability to produce leaf area
on unit area of land throughout its life (Power et al., 1967). LAD is calculated by the

formula;

LAD (days)=

Li+L2(i+1) < (T,~T)

Where,
LAD = Mean leaf area duration (days)
Li = LAl at i" stage
L (i +1) = LAl at (i + 1) " stage
(T»- T1) = Time interval between i and (i + 1) ™ stage in days
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3.8.1.8 Crop Growth Rate (CGR) (g m?day™)

It represents dry weight gained by a unit area of crop in a given time.
Crop growth rate of three randomly selected stalks from each treatment plot at 60 days
interval was measured. To determine the CGR, at first the selected plants were sun dried
and kept in oven at 70°C for 48 hours. CGR was determined by using the following

formula given by Watson (1952) and expressed as g m™ day ™.

W, -W, 1
t,—t, P

CGR =
Where,
W, and W, are shoot dry weight m™ at time t, and t,, respectively.
t; and t, are time interval between two harvests
P is land area over which dry matter was recorded

3.8.1.9 Relative Growth Rate (RGR) (g g™ day™)

Relative growth rate (RGR) is defined as the rate of dry matter
production per unit time. It was calculated by formula given below (Radford, 1967) and

expressed as mg g™ day™.

RGR — (Log, W, —Log, W,)
tz _tl

Where,
RGR = Mean relative growth rate (g g™* day™)
W; and W, = Dry weight of plant at time t; and t ,, respectively

Loge = Logarithm to the base ‘e’

3.8.1.10 N related parameters
3.8.1.10.1 Total chlorophyll content (mg g™)

Chlorophyll content at various growth stages were estimated with the
help of Acetone method (Arnon, 1949). A fresh leaf sample of 1g weight was chopped
into fine pieces and homogenized with pre cooled mortar and pestles using 80 percent
(V/V) acetone and a pinch of calcium carbonate. The extract was then centrifuged at
3000 rpm for 15 minutes made up to volume of with 80 percent (V/V) acetone. The
optical density of clear solution was measured at 645 nm and 663 nm, against an 80%
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acetone blank in UV-VIS spectrophotometer. The total chlorophyll content was

determined using the equation given below
Total chlorophyll (ug™ mI™): (20.2 x O.D at 645 nm) + (8.02 x O.D at 663 nm)
The chlorophyll content was expressed as mg g fresh weight of the leaf.
3.8.1.10.2 Green seeker NDVI (Normalized Difference Vegetation Index)

The green seeker value indicates plant health condition and its value
ranged between 0-0.99. The NDVI value was recorded with the help of digital green
seeker at 330 DAP. The value was taken randomly in ten number of standing plant and

their average was taken.
3.8.1.10.3 Crop canopy temperature (°C)

The crop canopy temperature was measured with the help on infrared
thermometer during 330 DAP. The crop canopy temperature of ten randomly selected

standing crops was measured and their average was taken.
3.8.1.11 Root length (cm) and root dry matter plant (g)

For calculation of root length and root dry weight, three randomly
selected whole plants were uprooted carefully from boarder rows. Before uprooting the
plants, watering was done to avoid damage to the roots. The roots were separated out
from the above ground portion and washed to remove the excess mud. The length of
root was measured with the help of scale and average was taken. For determining the

dry weight of root oven drying was done.
3.8.1.12 Dry weight of above ground biomass shoot™

For calculation of dry weight of above ground biomass shoot™ (the dry
weight of stems, leaves and the total plant), five of randomly selected shoots from
boarder rows were collected from each treatment. Thereafter, the leaves and stem of the
sample were separated and oven dried at 80°C. The weight was taken separately and

finally their average was calculated.
3.8.2 Yield attributing characters
3.8.2.1 Millable cane length (cm)

The height of ten already randomly selected millable canes in each

treatment was recorded and their average was taken. The height of millable cane was
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determined from the ground level to the last internode and mean height of the millable

cane was expressed in cm.
3.8.2.2 Cane diameter (cm)

For determining the diameter of the cane, ten numbers of millable canes
were randomly selected already from each treatment and diameter of the cane in
bottom, middle and top portion was measured with the help Vernier Caliper and their

average was taken.
3.8.2.3 Number of millable cane (‘000 ha™)

Number of millable cane per net area was recorded at the time of harvest
and expressed in ‘000 ha™. The boarder rows of each plot were not included during data

collection.
3.8.2.4 Average weight of millable cane (kg cane™)

The weight of ten millable canes was taken with the help of spring

balance and averaged to get the weight of individual millable cane in kilograms.
3.8.2.5 Length of internode (cm)

For determining the length of internode, the same ten millable canes
were taken from each treatment and the length of internode in bottom, middle, top

portion of the cane was measured with the help of measuring tape.
3.8.2.6 Number of internodes millable cane™

At time of harvest, internodes of already randomly selected ten millable

canes from each treatment were counted and their average was taken.
3.8.3 Yield and harvest index
3.8.3.1 Cane yield (t ha™)

For determining the cane yield, the net plot excluding the boarder rows
was harvested at maturity. The dry leaves and top tender portion was removed from the

millable cane and weight of stripped canes were taken and expressed in t ha™.
3.8.3.2 Green top yield (t ha™)

The green tops of all the canes in the net plot were removed and its yield

per net plot was recorded and expressed as t ha™.
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3.8.3.3 Trash yield (t ha™)

The trash (dry leaves) of all the canes in the net plot was removed and its

yield per net plot was recorded and expressed as t ha™.
3.8.3.4 Biological yield (t ha™)

It is the sum of cane yield, green top as well as trash yield of sugarcane

from net plot area, which is also expressed in t ha™.
3.8.3.5 Harvest index (%)

It is the ratio of economic yield (stripped cane yield) to the biological
yield which was worked out by following formula (Donald and Hamblin, 1976) and

expressed in per cent.

Stripped cane yield (t ha™) y

— _ ——x100
Biological yield (t ha™)

HI (%) =

3.8.4 Qualitative studies
3.8.4.1 Field Brix (%)

Field brix is measured in the bottom, middle and top portion of the

standing cane with the help of hand refractometer.
3.8.4.2 Juice extraction (%o)

The fresh cane weight of two millable cane was taken and after that the
juice was extracted from the cane with the help of cane crusher machine. The juice was

collected and weight of juice was recorded.

The per cent juice extraction was calculated by using the following

formula;

Weight of the juice extracted y
Weight of the cane

Juice extraction % = 100

3.8.4.3 Sucrose (%)

About 100 ml of juice was taken in a 250 ml of conical flask and 2 g dry

lead acetate was added to it. Then the flask was shaken for five minutes followed by
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vigorous stirring and mixture was filtered through Whatman No. 42 filter paper. The
clear filtrate was taken in a 20 cm polarimeter tube to record pol reading using Horne’s
Dry Lead Acetate method as described by Spencer and Meade (1955). Schmitz’s table
was used to calculate per cent sucrose using corrected brix and pol readings.

3.8.4.5 Commercial cane sugar (CCS %)

Percent available sugar in cane was calculated by using the following

formula:
Available sugar in cane (%) =[S—(B—S) x 0.4] x 0.73
Where,
S = Percent sucrose in juice
B = Corrected brix of juice
3.8.4.6 Purity (%)

The purity of cane juice was judged by calculating purity coefficient (%)

by suing following formula:

Pol percentin juice 8
Brix corrected

100

Purity (%)=

3.8.4.7 Commercial cane sugar (t ha™)

The commercial cane sugar (C.C.S.) in tones per hectare was calculated

by using the following formula:

Auvailable sugar (%) in cane x cane yield (t ha™)
100

3.8.5 Plant analysis

The plant material i.e. green tops, cane stalk and trash obtained after the
harvest of the crop were collected from each plot, tagged and well dried in sun light.
Then it was again kept in hot oven at 70°C for 48 hours for complete drying to obtain
constant weight. The samples used to determine the nutrient content and uptake of
nitrogen, phosphorus and potassium by cane stalk, green top and trash were ground
separately in to fine powder.
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3.8.5.1 Nitrogen content (%o)

The oven dried sample of cane stalk, green tops and trash were used to

analyze their nitrogen content using Micro-Kjeldahl’s method (Jackson, 1973).
3.8.5.2 Phosphorus content (%0)

The oven dried sample of cane stalk, green tops and trash were used to
analyze their phosphorus content using Vanado-molybdo-phosphoric yellow colour
method (Jackson, 1973).

3.8.5.3 Potassium content (%0)

The oven dried sample of cane stalk, green tops and trash were used to

analyze their potassium content using Flame photometer method (Jackson, 1973).
3.8.5.4 Nutrient uptake (kg ha™)

The uptake of nutrient was calculated separately for cane stalk, green
tops and trash and summed together to get the total uptake. To work out the nutrient
accumulation in each part their dry matter yield was multiplied by their respective

nutrient content as follows:

Nutrient content(%)
100

Nutrient uptake (kg ha™) : Dry matter yield (kg ha™) x

3.9 Soil analysis
3.9.1 Soil pH

The pH of soil from each plot was determined after harvesting of

sugarcane in each year as per the method given in Table 3.1.

3.9.2 Available N, P,Os and K0 (kg/ha)

Soil samples collected from each plot after harvesting of crop each year
were air dried, ground and sieved through 2 mm diameter sieve and were used for
estimation of available nitrogen, phosphorus and potassium as per the method given in
Table 3.1.
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3.9.3 Microbial population (10**cfu g™ soil)

The classical serial dilution technique was used for isolation of total
bacterial and fungal population from soil by spread plate technique on appropriate
media. Initially the soil sample of 1 g each was suspended in 9 ml water blank followed
by serial dilution up to 10*and 10°®. Nutrient agar was used for counting total bacterial
population, while Rose Bengal media was used for enumeration of fungal population.
Antibiotic Streptomycillin sulphate was added in the melted media (45°C) before
plating. Aliquots of 100 ul of 10™ and 107 dilution were spread over the solidified
media in triplicates. Nutrient agar and Rose Bengal media plates were incubated at
30£1°C for 2 days. The microbial number was estimated as log colony forming unit

(cfu g-* soil) on dry weight basis.
3.10 Economic studies
3.10.1 Cost of cultivation (zha™)

It was calculated on per hectare basis for each treatment by taking into
account the prevailing cost of inputs, labor and operational cost. The details are
presented in Annexure 111 (a), 11 (b), 111 (c) IV (a) and 1V (b).

3.10.2 Gross and net return (% ha™)

Gross return was the value of the economic yield calculated at the
prevailing market price. Net return was calculated by subtracting the cost of cultivation
from the gross return on per hectare basis.

Net return = Gross return — Cost of cultivation
3.10.3 Benefit - Cost (B- C) ratio

The benefit - cost ratio was computed by dividing the net return by the
total cost of cultivation.

3.11 Statistical analysis

All the data pertaining to the present investigation wherever needed were
statistically analyzed adopting the procedure of analysis of variance (ANOVA) in split-
plot design described by Sarma (2016). The significance of the variance due to the
treatment effect was determined by calculating the respective ‘F’ values. Critical

differences (CD) at 5 per cent probability level were calculated only when the ‘F’ value
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been found out to be significant, otherwise S.Em () was mentioned. The standard

errors and t-value was calculated by using the following expressions:

Mean compared Standard Error (SEm) t-value
T mean EMS (a) At Error (a) degree of freedom (t,)
rw
W mean EMS (b) At Error (b) degree of freedom (ty)
rt
:)/\f/ _Irpean at same level EMS (b) At Error (b) degree of freedom (ty)

r

T mean at same level
or different level of
w

_

EMS(a) + (w -1)EMS(b) J t,EMS(a) + t,[(w-1)EMS(b)
rw EMS(a) + (w-1)EMS(b)

Where, EMS(a) = Error mean square for tillage levels

EMS(b) = Error mean square for weed management levels

r = Number of replications
t = Levels of tillage practices
w = Levels of weed management

The critical difference (CD) was calculated to find out the significance of

mean difference amongst treatment by following formula :

CD(0.05)=+/2 SEm t, , —value
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CHAPTER IV
RESULTS AND DISCUSSION

A study on “Performance of bud chip seedlings under integrated nutrient
management in autumn planted sugarcane (Saccharum officinarum L.)” was carried out
for two consecutive years viz., 2017-18 and 2018-19 at the experimental field of
Sugarcane Research Station, Assam Agricultural University, Buralikson. The biometric
observations in terms of growth, yield attributes and yield as influenced by crop
establishment techniques and integrated nutrient management practices were measured.
The juice quality parameters, nutrient uptake by plants, post harvest nutrient status as
well as the economics under different treatments were also determined. Thus, all the
possible parameters were taken into consideration to fulfill the objectives of the
experiments. Finally, the data in respect of all the parameters were analyzed by standard

statistical method and analyses of variances are presented in appendices (I to XXIV).
Weather condition

The success of any crop depends upon the good weather condition and
able to show its maximum potential under favorable condition along with proper crop
husbandry. In the present investigation, the crop received a good amount of rainfall
throughout the crop growing period during both the years of experimentation. However,
variation in quantity and intensity of rainfall observed between the two years led to the
variation in crop yield. The rainfall received during the whole crop growing period for
the first crop that covered a period of almost 15 months starting from mid October,
2017 to 1* week of January, 2019 was comparatively lower as compared to the second
crop that also covered the same period starting from mid October, 2018 to 1% week of
January, 2020. Altogether, an amount of 1858.0 mm rainfall was received during 2017-
18 with 94 numbers of rainy days, while an amount of 2265.7 mm rainfall was received
with 122 numbers of rainy days during 2018-19 from planting to harvesting. The crop
received good amount of rainfall during October, 2017 and 2018 which helped in proper
establishment of crop during both the seasons. At the time of planting, the weekly
maximum day temperature was 31.3 and 29.0°C, respectively, which was favorable for

germination of crop during both the seasons. But, during December and January the
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lowest temperature were received in case of both the crops resulting in slow growth

during that particular period.

During early stage of crop growth up to 150 days after planting i.e. mid
October to mid March, the first year crop received comparatively more amount of
rainfall (202.3 mm with 12 rainy days) as compared to second crop which received an
amount of 132.4 mm with only 10 rainy days. During this crop growing period, the
mean weekly maximum temperature ranged from 22.6 to 31.2°C in 1* year crop, while
it ranged from 21.3 to 30.7°C in 2" year crop. Similarly, weekly average minimum
temperature ranged from 8.9 to 23.2°C during 1% year crop, while, it ranged from 8.1 to
19.8°C during second year. The variation in rainfall and temperature during this
particular crop growing period might be the reason for difference in growth parameters
in early stage of crop growth in case of both the crop seasons. The prevalence of low
temperature during December and January resulted in slow growth of the crop during
both the seasons, however, during the second year, all the initial growth parameters
including root growth was comparatively less because of drop of temperature along

with very low rainfall.

The intensity of rainfall greatly increased from March onwards and
lasted up to mid of September during 1% season crop, while, it continued up to last week
of September during the second crop. During this period, 1035 mm of rainfall was
received in first year crop against 1862 mm of rainfall during the second year. Likewise,
the temperature also gradually increased from March onwards that helped in faster
growth of crop along with the increasing intensity of rainfall. During this period, the
weekly maximum temperature ranged from 28.7 to 35.0°C during 1% season crop,
while, it ranged from 26.1 to 34.8°C during 2" season crop. Similarly, the weekly
average BSSH was 4.8 hrs in 1% season crop against 3.77 hrs during 2™ season crop.
The high amount of rainfall during the grand growth of sugarcane in case of 2" season
crop along with less BSSH reduced the crop growth, while, the optimum rainfall along
with high temperature and more BSSH encouraged the crop growth in case of 1% season

crop.

The amount and intensity of rainfall started ceasing from October
onwards and very low amount of rainfall was received during both November and
December in 2017-18 and 2018-19. During October about 17.4 and 251 mm of rain was

received for 1% year and 2" year crop, respectively. Because of high amount of rainfall



54
received during this period in second year crop, the quality parameters were
comparatively poor as compared to 1% season crop. But, during the month of November
and December, the lowest amount of rainfall was received in both the years. Besides
rainfall, the mean weekly average maximum temperature reduced to 22.7°C in 1% year
and 20.7°C in 2" year, while, minimum temperature dropped to 8.2°C in 1% season and
8.4°C in 2" the season crop. The prevalence of dry period along with low temperature

during this period helped in maturity of cane during both the years.
Crop condition

The health condition of crop was quite satisfactory during both the years.
Because of favourable weather condition and proper agronomic management, no such
major pest and disease infestation was observed during both the years. The crop was
attacked by early shoot borer at early stage of crop growth during both the years, but it
was effectively controlled by whorl application of Choloropyriphos 20 EC @ 5 liters
ha™. Since, some prophylactic measures were taken in case of pest and diseases,
therefore the incidence of pest and disease was very negligible during both the years of

experimentation.
4.1 Growth parameters of sugarcane

The data pertaining to growth parameters as well as some growth indices
viz., total number of shoots, number of shoots plant™, number of physiologically active
leaves plant™, plant height, leaf area shoot™, leaf area index, leaf area duration, crop
growth rate, relative growth rate, dry matter production by above ground portion, root
length and root dry weight, chlorophyll content, green seeker NDVI, crop canopy
temperature were recorded during 2017-18 and 2018-19 and presented in details.

4.1.1 Total number of shoots (‘000 ha™)

Data regarding the total number of shoots as influenced by crop
establishment techniques and integrated nutrient management are presented in Table 4.1

and corresponding analyses of variance are appended in Appendix |.

Shoot population is one of the important criteria in sugarcane which
govern the millable cane and ultimately cane yield. In both of the years of
experimentation, the total shoot populations gradually increased and reached the
maximum value at 180 DAP and thereafter, it gradually decreased with the

advancement of crop growth.
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Effect of crop establishment techniques

The total number shoots recorded at periodical intervals i.e. 90, 120, 150,
180, 210 and 240 DAP were significantly influenced by the crop establishment
techniques in both the years except at 90 DAP.

During the early stages of crop growth i.e. 120 and 150 DAP, although
the planting of bud chip seedling at 120 cm x 60 cm (M3) exhibited significantly higher
number of shoots (95.41 and 117.78 ‘000 hal, respectively, during 2017-18; 93.40 and
115.64 <000 ha™, respectively, during 2018-19) but was at par with planting of bud chip
seedling at 90 cm x 60 cm (M>) (92.16 and 112.48 <000 ha™, respectively, during 2017-
18; 90.13 and 111.16 ‘000 ha™, respectively, during 2018-19). But, both of them
recorded significantly higher number of shoots as compared to the conventional method
of planting (M1) (76.64 and 95.38 <000 ha™, respectively, during 2017-18; 74.34 and
92.24 <000 ha™, respectively, during 2018-19). The insignificant difference between M
and M, at 120 and 150 DAP might be due to proper and early establishment of
seedlings under both the techniques which helped in early shoots development, while, in
case of conventional method, competition among the buds for germination under natural

environment delayed the germination process and subsequently the shoot development.

At 180 DAP, planting of bud chip seedling at 120 cm x 60 cm (M)
recorded significantly higher number of total shoots (146.88 and 142.56 <000 ha™) as
compared to planting of bud chip seedling at 90 cm x 60 cm (M5) (132.54 and 130.74
‘000 ha™) as well as conventional method of planting (Ms) (124.65 and 121.25 <000
ha™) during 2017-18 and 2018-19, respectively. However, M; and M, were found to be
at par in effect during both the years. Maximum number of shoots were obtained in all
the crop establishment techniques during this stage and after that it started to decline.

Similarly, at 210 and 240 DAP, significantly higher number of shoots
(134.70 and 127.76 ‘000 ha™, respectively, during 2017-18; 132.56 and 126.48 <000
ha?, respectively, during 2018-19) were registered under the planting of bud chip
seedling at 120 cm x 60 cm (M3 ) as compared to planting of bud chip seedling at 90 cm
X 60 cm (My) (122.88 and 113.62 000 ha™, respectively, during 2017-18; 120.42 and
112.68 <000 ha™, respectively, during 2018-19) and conventional method (M) (116.43
and 106.11 ‘000 ha™, respectively during 2017-18 ; 113.56 and 103.44 ‘000 ha™,
respectively, during 2018-19 ). But, no significant difference in shoot population was

observed between M; and M, during both the stages of crop growth in both the years of
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investigation. The early canopy closures under both the techniques i.e. M; and M
restricted the development of new shoots as well as increased the mortality of tillers due
to insufficient spacing which affected the light interception. While, in case of planting
of bud chip seedling at 120 cm x 60 cm (M3s), the wider spacing helped in more
penetration of light into the crop canopy that resulted in development of more number
of shoots throughout the crop growing period. Sugeerthi et al. (2018) also reported
higher shoot population due to planting of bud chip seedling technique as compared to
single and double budded setts. Pawar et al. (2005) also reported significant variation in

shoot population due to various inter settling spacing.
Effect of integrated nutrient management

Different integrated nutrient management practices showed significant
variation in shoot population at all the crop growing stages other than 90 DAP in both
the years. Result revealed that integrated nutrient management practices recorded
significantly more number of shoots as compared to sole application of inorganic

fertilizers (100% RDF) in all the recorded periods in both the years.

At early growth stages i.e. 120 and 150 DAP, significantly higher
number of shoots were obtained due to integrated supply of 100% RDF + vermicompost
@ 1t ha™ + green manuring of cowpea + biofertilizers 10 kg ha™ (F,) (90.44 and 111.77
‘000 ha™, respectively, during 2017-18; 88.56 and 109.31 ‘000 ha™, respectively, during
2018-19) which was found to be at par with all the treatments comprised of both
organic as well as inorganic sources of nutrients viz., 100% RDF + enriched compost @
1t ha™ + green manuring of cowpea (F3) (89.31 and 110.92 <000 ha™, respectively, in
1% year; 87.20 and 108.88 ‘000 ha™, respectively, in 2" year), 75% RDF + FYM @ 5 t
ha® + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
ha™ (F4) (88.75 and 109.88 000 ha™, respectively, during in 1% year; 86.67 and 107.92
‘000 ha™, respectively, in 2" year) and 75% RDF + FYM @ 5t ha® + enriched
compost @ 1t ha™ (Fs) + green manuring of cowpea (87.64 and 108.87 <000 ha™,
respectively, in 1% year; 85.86 and 106.74 ‘000 ha™, respectively, in 2" year). But, all
of them recorded significantly higher values as compared to the application of 100%
RDF through inorganic fertilizers (F1) (84.12 and 101.28000 ha™, respectively, during
in 1% year; 81.50 and 98.86 <000 ha™, respectively, in 2" year).

At 180 DAP, maximum number of shoots of 140.71 000 ha™ during
2017-18 and 135.32 ‘000 ha™ during 2018-19 were obtained under the integrated supply
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of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
10 kg ha™ (F,) which was found to be at par with 100% RDF + enriched compost @ 1
t ha' + green manuring of cowpea (Fs) (139.11°000 ha™ during 2017-18 and
134.41°000 ha™ during 2018-19) and 75% RDF + FYM @ 5 t ha™* + vermicompost @ 1
t ha® + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (136.52 <000 ha™
during 2017-18 and 133.78 ‘000 ha™ during 2018-19), but superior to the application of
100% RDF (Fy) (122.34¢000 ha™ during 2017-18 and 121.54 ‘000 ha™ during 2018-19)
and 75% RDF + FYM @ 5t ha™ + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (134.77°000 ha™ during 2017-18 and 132.19 <000 ha™ during 2018-19).

But, F3, F4 and Fs were found to be at par in effect during both the years.

In case of number of shoots recorded at 210 and 240 DAP; significantly
higher number of shoots were also obtained under the integrated application of 100%
RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers 10 kg ha™
(F2) (130.40 and 120.43 ‘000 ha™ , respectively, in 1% year; 127.51 and 118.26 ‘000
ha, respectively, in 2" year) which was found to be at par with 100% RDF + green
manuring of cowpea + enriched compost @ 1t ha™ (F3) (129.45 and 118.27 ‘000 ha™,
respectively, in 1% year; 126.34 and 116.82 <000 ha™, respectively, in 2" year) and 75%
RDF + FYM @ 5 t ha + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (Fs) (126.67 and 116.82 ‘000 ha™, respectively, in 1% year;
124.77 and 114.52 000 ha, respectively, in 2" year), but found superior to the
treatment receiving 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (125.57 and 115.22 ‘000 ha™, respectively, in 1% year ; 122.45
and 113.86 ‘000 ha™, respectively, in 2" year). At both the stages of crop growth, all
the integrated nutrient management treatments recorded significantly higher total
number of shoots than the treatment receiving 100% RDF (F;) through inorganic
fertilizers (111.22 and 107.28 ‘000 ha™, respectively, in 1% year; 109.85 and 106.25
‘000 ha™, respectively, in 2" year). However, the effect of Fsand F4, Fs and Fs were
found to be at par at 210 DAP, while, the treatment F3, F4 and Fs were found at par
with each other at 240 DAP during both the years.

The maximum number of total shoots obtained under F, might be due to
suitable combination of nutrients that helped in development of more number of shoots.
Apart from optimal dose of inorganic fertilizers, the incorporation of green manuring
crops, application of vermicompost along biofertilizers created congenial soil

environment for development of shoots under this particular treatment.



Table 4.1. Effect of crop establishment technique and integrated nutrient management on total number of shoots in sugarcane

Treatments

Total number shoots (‘000 ha™)

2017-18

2018-19

Days after planting (DAP)

Days after planting (DAP)

90 | 120 | 150 | 180 | 210 | 240 90 | 120 | 150 180 | 210 | 240
Crop establishment techniques (M)
M;: Conventional method 55.07 76.64 | 95.38 | 124.65 | 116.43 | 106.11 | 54.12 74.34 92.24 121.25 113.56 | 103.44
M,: Bud chip seedling at 90 cm x 60 cm 56.84 92.16 | 112.48 | 132.54 | 122.88 | 113.62 | 56.94 90.13 | 111.16 | 130.74 120.42 | 112.68
M3: Bud chip seedling at 120 cm x 60 cm 55.42 95.41 | 117.78 | 146.88 | 134.70 | 127.76 | 54.67 93.40 | 115.64 | 14256 132.56 | 126.48
SEmz 1.98 1.74 2.61 3.53 2.19 2.28 2.01 1.58 2.11 2.52 2.30 2.37
CD (P=0.05) NS 6.84 10.24 13.85 8.62 8.94 NS 6.18 8.30 9.88 9.05 9.28
Integrated nutrient management (F)
F1: 100% RDF 54.22 84.12 | 101.28 | 122.34 | 111.22 | 107.28 | 54.34 81.50 98.86 121.54 109.85 | 106.25
F,: 100% RDF + VC @ 1tha ™+ GM + 57.48 | 90.44 | 111.77 | 140.71 | 130.40 | 120.43 | 56.80 | 88.56 | 109.31 | 135.32 | 127.51 | 118.26
BF @ 10 kg ha™
Fs: 100% RDF + EC @ 1 tha™ + GM 56.22 89.31 | 110.92 | 139.11 | 129.45 | 118.27 | 55.22 87.20 | 108.88 | 13441 126.34 | 116.82
Fi: 75% RDF + FYM @ 5tha’+VC @ | 55.61 | 88.75 | 109.88 | 136.52 | 126.67 | 116.82 | 54.97 | 86.67 | 107.92 | 133.78 | 124.77 | 114.52
1tha'+ GM + BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha+ EC @ 1| 55.32 | 87.64 | 108.87 | 134.77 | 12557 | 115.22 | 54.84 | 85.86 | 106.74 | 132.19 | 122.45 | 113.86
t ha™+ GM
SEmzt 0.88 1.02 1.02 1.58 1.30 1.26 0.74 0.97 0.92 0.94 1.05 1.32
CD (P=0.05) NS 2.98 2.98 4.61 3.78 3.68 NS 2.82 2.68 2.78 3.08 3.87
Interaction (M x F)
SEmzt 1.52 1.77 1.78 2.76 2.24 2.18 1.28 1.68 1.60 1.64 1.82 2.30
CD (P=0.05) NS NS NS S S NS NS NS NS S S NS

Note: RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers; SEm +: Standard error of mean;
CD: Critical difference, S: Significant; NS: Non significant




Table 4.1.1. Interaction effect between the crop establishment techniques and integrated nutrient management on total numbers of shoots
(‘000 ha™) at 180DAP
2017-18 2018-19
F F, Fs Fy Fs F F, Fs Fy Fs
M;: Conventional method 116.55 | 127.73 128.00 126.32 124.67 108.64 127.25 124.27 123.35 122.75
M,: Bud chip seedling at 90 cm x 60 cm 123.33 | 141.57 136.33 130.83 130.58 126.61 131.17 132.45 131.61 130.87
Ma: Bud chip seedling at 120 cmx 60 cm | 126.74 | 152.80 153.00 152.41 149.07 129.38 147.55 146.52 146.38 142.95
SEm+ CD (P=0.05) SEm+ CD (P=0.05)
M at the same level of F 2.76 8.07 2.24 6.54
F at the same or different levels of M 3.91 11.42 2.35 6.87

Note : F;: 100% RDF; F,: 100%RDF+green manuring of cowpea + vermicompost @1 t ha™ + biofertilizers @ 10 kg ha™; F5: 100% RDF + green manuring of
cowpea + enriched compost @ 1 t ha™; F,: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + vermicompost @ 1 tha™ + biofertilizers @ 10 kg ha™;
Fs: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @ 1 t ha™




Table 4.1.2. Interaction effect between the crop establishment techniques and integrated nutrient management on total numbers of shoots (‘000 ha™) at

210 DAP
2017-18 2018-19
F F, Fs Fa Fs F F, Fs Fu Fs
M,: Conventional method 105.12 | 12227 | 12067 | 117.99 116.13 101.58 | 120.07 | 116.80 114.78 114.59

M,: Bud chip seedling at 90 cm x 60 cm 112.73 128.14 127.66 122.88 121.74 111.87 1246 | 124.79 124.01 116.87

Mj: Bud chip seedling at 120 cm x 60 cm 116.02 140.79 140.02 139.14 138.83 116.09 | 137.86 | 137.42 135.54 135.89

SEmz+ CD (P=0.05) SEmz+ CD (P=0.05)
M at the same level of F 1.82 6.54 2.24 5.32
F at the same or different levels of M 2.58 6.87 2.35 7.52

Note : F;: 100% RDF; F,: 100%RDF+green manuring of cowpea + vermicompost @1 t ha™ + biofertilizers @ 10 kg ha™; F5: 100% RDF + green manuring of
cowpea + enriched compost @ 1 t ha™; F,: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + vermicompost @ 1 tha™ + biofertilizers @ 10 kg ha™;
Fs: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @ 1 t ha™
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The significant increase in total number of shoots under the integrated
nutrient management than the sole inorganic fertilizers might be due to optimum supply
of nutrients through mineralization from various sources of nutrients that might have
helped in prolong and adequate release of nutrients to the crop which ultimately helped
in emergence of more shoots as compared to sole application of inorganic fertilizers.
Tyagi (2005) also reported that integration of 25% N through FYM + biofertilizers
along with 100% RDF were found to be at par with integration with 75% RDF, but
both of them were significantly higher than 100% RDF in terms of number of shoots
ha™. Many researchers also reported significant improvement in total number of shoots
due to combined effect of both organic and inorganic sources over 100% RDF through
inorganic fertilizers (Kumar and Singh, 1999; Jeyaraman and Alagudural, 2003;
Bokhtier and Sakurai, 2007).

Interaction effect

The interaction effect between the crop establishment techniques and
integrated nutrient management was found to be significant on total numbers of shoots
recorded at 180 and 210 DAP in both the years. The integrated application of different
organic sources of nutrients along with 100% RDF and 75% RDF produced
significantly more shoot population in all the crop established techniques than the 100%
RDF. At 180 DAP, the maximum number of shoots (153.00 ‘000 ha™) was obtained
under the combined effect of planting of bud seedling at 120 cm x 60 cm and 100%
RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (MsFs) during 2017-
18, while, the planting of bud seedling at 120 cm x 60 cm along with application of
100% RDF + vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers 10
kg ha (MsF,) produced the maximum value ( 147.55 ‘000 ha™) during 2018-19 and
both of them were found to be at par with M3F4 (152.41 and 146.38 ‘000 ha‘l) and MsF5
(149.07 and 142.95 ‘000 ha™) but superior over all other treatment combinations during

both the years.

At 210 DAP, the maximum values (140.79 and 137.86 ‘000 ha™) were
obtained under the combined effect of planting of bud chip seedling at 120 cm x 60 cm
along with application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers 10 kg ha™ (M3F») that was found to be at par with M3F3 (140.02
and 137.42 ‘000 ha™), MsF4 (139.14 and 135.54 <000 ha™) and MsFs (138.83 and

135.89 000 ha™) but superior to other treatment combinations during both the years.
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The wider spacing between the seedlings and integrated supply of nutrients helped in

development of more shoots population during both the years.
4.1.2 Number of shoots plant ™

Data pertaining to the number of shoots plant ™ recorded at different
growth stages of sugarcane as influenced by crop establishment techniques and
integrated nutrient management during both the years has been furnished in Table 4.2

and corresponding analyses of variance are appended in Appendix II.

The numbers of shoots plant ™ showed an increasing trend with the
advancement of crop growth and reached the maximum value at 180 DAP; thereafter, it
started to decline in the later stage of crop growth i.e. at 210 DAP. The competition
among the shoots for all the resources during the later stage of crop growth resulted in
mortality of tillers which reduced the number of shoots plant™.

Effect of crop establishment techniques

A close perusal of data revealed that number of shoots plant™ recorded
at periodical intervals viz., 90, 150, 180 and 210 DAP showed significant variation due

to different crop establishment techniques in both the years of investigation.

In early stage of crop growth i.e. at 90 DAP, the number of shoots
plant™ recorded under the planting of bud chip seedling at 120 cm x 60 cm (M3) was
found to be at par with planting of bud chip seedling at 90 cm x 60 cm (M) during both
the years. But, with the progress in crop growth, significant variation was observed
among all the crop establishment techniques. Other than 90 DAP, at all the crop
growing stages i.e. at 150, 180 and 210 DAP, M3 i.e. planting of bud chip seedling at
120 cm x 60 cm recorded significantly higher number of shoots plant™ (9.48, 11.58 and
10.20; 9.32, 11.34 and 9.98) as compared to planting of bud chip seedling at 90 cm x 60
cm (M) (7.08, 8.14 and 7.17 ; 6.94, 7.87 and 7.01) and conventional method (M,)
(1.87, 3.76 and 3.08; 1.81, 3.70 and 3.02), during 2017-18 and 2018-19, respectively.
However, the maximum number of shoots plant™ (11.58 and 11.34) was obtained at 180
DAP due to planting of bud chip seedling at 120 cm x 60 cm (M3) which revealed
significantly higher values as compared to the planting of bud chip seedling at 90 cm x
60 cm (M) (8.14 and 7.87) as well as conventional method of planting (M;) (3.76 and
3.70) during 1% and 2" year, respectively.



Table 4.2. Effect of crop establishment techniques and integrated nutrient management on number of shoots plant™in sugarcane

Number of shoots plant™

2017-18 2018-19
Treatments - -
Days after planting (DAP) Days after planting (DAP)

90 150 | 180 | 210 90 150 | 180 | 210
Crop establishment techniques (M)
M;:Conventional method 1.28 1.87 3.76 3.08 1.20 1.81 3.70 3.02
M,: Bud chip seedling at 90 cm x 60 cm 4.21 7.08 8.14 7.17 4.05 6.94 7.87 7.01
Mj3: Bud chip seedling at 120 cm x 60 cm 4.44 9.48 11.58 10.20 4.31 9.32 11.34 9.98
SEm+ 0.14 0.10 0.28 0.18 0.16 0.11 0.16 0.18
CD (P=0.05) 0.56 0.38 1.11 0.72 0.64 0.45 0.63 0.71
Integrated nutrient management (F)
F;: 100% RDF 3.15 5.82 7.14 6.18 3.08 5.68 7.00 6.01
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 3.56 6.30 8.15 7.13 3.32 6.18 7.94 6.96
Fs: 100% RDF + EC @ 1 tha™ + GM 3.48 6.22 8.08 7.07 3.25 6.14 7.88 6.92
F. 75% RDF + FYM @ 5tha® + VC @ 1tha’ + GM + BF 341 6.20 7.94 6.91 3.17 6.08 7.72 6.76
@ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha® + EC @ 1 tha™+ GM 3.38 6.17 7.82 6.80 3.15 6.03 7.64 6.71
SEm+ 0.05 0.05 0.09 0.12 0.05 0.06 0.08 0.13
CD (P=0.05) NS 0.15 0.28 0.35 NS 0.18 0.24 0.37
Interaction (M x F)
SEm+ 0.08 0.09 0.16 0.21 0.09 0.11 0.14 0.22
CD (P=0.05) NS NS S S NS NS S S

Note: RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers; SEmz: Standard error of mean;

CD: Critical difference, S: Significant NS: Non significant




Table 4.2.1. Interaction between the crop establishment techniques and integrated nutrient management on total numbers of shoots plant™

at 180 DAP
2017-18 2018-19
F, F, Fs Fy Fs F, F, Fs Fy Fs
M;: Conventional method 3.65 3.79 3.78 3.76 3.77 3.53 3.85 3.75 3.70 3.68
M,: Bud chip seedling at 90 cm x 60 cm 7.68 8.45 8.35 8.11 8.10 7.76 8.14 8.09 7.80 7.54
Mjs: Bud chip seedling at 120 cm x 60 cm | 10.08 12.20 12.12 11.94 11.61 9.74 11.83 11.80 11.66 11.69
SEmz+ CD (P=0.05) SEmz+ CD (P=0.05)
M at the same level of F 0.16 0.46 0.14 0.42
F at the same or different levels of M 0.30 0.87 0.18 0.54

Note : F;: 100% RDF; F,: 100%RDF+green manuring of cowpea + vermicompost @1 t ha™ + biofertilizers @ 10 kg ha™; F;: 100% RDF + green manuring of
cowpea + enriched compost @ 1 t ha™; F,: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + vermicompost @ 1 tha™ + biofertilizers @ 10 kg ha™;
Fs: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @ 1 t ha™



Table 4.2.2. Interaction between the

crop establishment techniques and integrated nutrient management on total numbers of shoots plant™

at 210 DAP
2017-18 2018-19
F F, Fs F. Fs F, F, Fs Fy Fs
M;: Conventional method 281 3.25 3.15 3.11 3.08 2.75 3.17 3.10 3.05 3.05
M,: Bud chip seedling at 90 cm x 60 cm 7.06 7.44 7.39 7.10 6.84 6.90 7.23 7.24 6.94 6.74
Ma: Bud chip seedling at 120 cm x 60 cm 8.66 10.69 10.65 10.52 10.48 8.38 10.47 10.43 10.31 10.31
SEm+ CD (P=0.05) SEm+ CD (P=0.05)
M at the same level of F 0.21 0.60 0.22 0.64
F at the same or different levels of M 0.23 0.66 0.24 0.68

Note : F;: 100% RDF; F,: 100%RDF+green manuring of cowpea + vermicompost @1 t ha™ + biofertilizers @ 10 kg ha™; F5: 100% RDF + green manuring of
cowpea + enriched compost @ 1 t ha™; F,: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + vermicompost @ 1 tha™ + biofertilizers @ 10 kg ha™;
Fs: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @ 1 t ha™
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The development of more number of shoots under the planting of bud

chip seedling at 120 cm x 60 cm (M3) might be due to appropriate spacing maintained

within the seedlings that facilitated more interception of solar radiation as well effective

utilization of all resources due to less inter plant competition. The production of more

number of shoots plant™ under wider spacing was also reported by Rao (1990) and Patel
et al. (2014).

The utmost care provided to the bud chip seedlings in nursery bed
resulted in better root proliferation that helped in proper establishment of seedlings in
main field. Hence, the early establishment of seedlings and proper allocation of
resources due to adequate spacing might have helped in development of more shoots in
case of bud chip seedling planted at 120 cm x 60 cm. Chiluwal et al. (2018) also
reported that number of shoots plant™ was significantly influenced by plant spacing and
effect was more pronounced at later stages of crop growth than the early stages. Samant
(2017) also reported higher number of shoots plant® (17.3) under the bud chip

technology as compared to conventional method (9.2).
Effect of integrated nutrient management

During both the years of investigation, significant variation in number of
shoots plant™® was observed due to different integrated nutrient management practices
during all the recorded periods except 90 DAP (Table 4.2).

The integrated nutrient management practices recorded significantly
more number of shoots plant™ as compared to 100% RDF (F,) at all the crop growth
stages i.e. at 150, 180 and 210 DAP during both the years. Data recorded at 150 DAP
revealed that although the integrated supply of 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F2) produced significantly
higher number of shoots plant® (6.30 and 6.18, during 2017-18 and 2018-19,
respectively) as compared to 100 % RDF (F;) (5.82 and 5.68, during 2017-18 and 2018-

19, respectively) but found to be at par with the rest of treatments during both the years.

At 180 DAP, integrated supply of 100% RDF + green manuring of
cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (F») also recorded
maximum number of shoots plant™ (8.15 and 7.94) which were found to be at par with
100% RDF + green manuring of cowpea + enriched compost @ 1 t ha™* (Fs) (8.08 and
7.88) and 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 tha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (Fs) (7.94 and 7.72), but superior to the treatments
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receiving 100% RDF (F1) (7.14 and 7.00) and 75% RDF + FYM @ 5 t ha™ + enriched
compost @ 1t ha + green manuring of cowpea (Fs) (7.82 and 7.64) during 2017-18
and 2018-19, respectively. However, F3 was found to be at par with F4 and Fs during
both the years. At this particular stage, the integrated supply of 100% RDF +
vermicompost @ 1t ha™* + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F>)
recorded 14.15 and 13.43% higher number of shoots plant™ as compared to 100% RDF
(F1) during 2017-18 and 2018-19, respectively. Apart from nutrient supplied from
optimal dose of inorganic fertilizers, the other nutrient sources like vermicompost
released some growth hormones that helped in development of more number of shoots
per plant. Besides this, the incorporation of green manure crop, biofertilizers helped in
improvement in soil properties for better release of nutrients. The cumulative effect of

all these nutrients ultimately resulted in better crop growth.

At 210 DAP, treatment comprised of 100% RDF + vermicompost @ 1t
ha® + green manuring of cowpea + biofertilizers @ 10 kg ha® (F,) recorded
significantly higher number of shoots (7.13 and 6.96) but found to be at par with all the
treatments except 100% RDF (F1) (6.18 and 6.01) during 1% and 2" year, respectively.
The better supply of nutrients to the crop under the integrated supply of nutrients
through organic as well as inorganic sources might have helped in development of more
number of shoots plant™ as compared to 100% RDF. Soomro et al. (2013) also reported
significantly higher number of shoots plant™ (6.55) due to integrated supply of 75%
RDF + pressmud @ 20 t ha™* which was superior to 100% RDF (5.33) supplied through

inorganic fertilizers.
Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management was found significant on number of shoots plant™
recorded at 180 and 210 DAP during both the years of experimentation (Table 4.2.1

and 4.2.2).

The integrated nutrient management recorded significantly more number
of shoots plant™ as compared to 100% RDF under all the crop establishment techniques.
However, planting of bud chip seedling at 120 cm x 60 cm along with the treatments
receiving integrated nutrient management viz., MsF,, MsFs, MsF4, M3Fs produced
significantly more number of shoots plant™ as compared to combined effect of other

crop establishment techniques and integrated nutrient management. However, the
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maximum number of shoots plant™ i.e. 12.20 during 2017-18 and 11.83 during 2018-19
were obtained at 180 DAP due to the combined effect of planting of bud chip seedling
at 120 cm x 60 cm along with integrated supply of 100% RDF + vermicompost @ 1 t
ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™* (MsF>).

Similarly, at 210 DAP, the same treatment combination (MsF,) also
produced the maximum number of shoots plant ™ i.e. 10.69 during 2017-18 and 10.47
during 2018-19, which was found to be at par with M3F3 (10.65 and 10.43), MsF,4 (10.52
and 10.31) and MsFs (10.48 and 10.31) during 1% and 2" year, respectively. During
both stages of crop growth i.e. at 180 and 210 DAP, the lowest number of shoots plant™
was obtained under the combined effect of conventional method along with 100% RDF
(M1F;) (3.65 and 2.81, respectively, during 2017-18; 3.53 and 2.75, respectively, 2018-
19). The suitable planting technique in conjunction with proper integration of nutrients

might have helped in development of more number of shoots plant™.
4.1.3 Number of physiologically active leaves shoot™

The data in respect of number of physiologically active leaves shoot™ as
affected by crop establishment techniques and integrated nutrient management are
presented in Table 4.3 and their corresponding analyses of variance are appended in

Appendix I11.

The number of physiologically active leaves increased gradually with the
advancement of crop growth stages that reached maximum value at 240 DAP and
thereafter, decreased towards maturity. The rate of development of new leaves were
very slow up to 210 DAP that progressively increased at a faster rate and reached

maximum at 240 DAP and subsequently decreased during both the years of study.
Effect of crop establishment techniques

The different crop establishment techniques showed significant variation
in number of physiologically active leaves shoot™ recorded at different crop growing
periods viz., 180, 210, 240 and 270 DAP in both the years of investigation except 120
and 150 DAP. The insignificant difference during early stage of crop growth i.e. at 120
and 150 DAP might be due to prevalence of low temperature and dry period that might
have affected the rate of development of new leaves.



Table 4.3. Effect of crop establishment techniques and integrated nutrient management on number of physiologically active leaves shoot™ in

sugarcane
Number of physiological active leaves shoot™
Treatments 2017-18 2018-19
Days after planting (DAP) Days after planting (DAP)
120 | 150 | 180 | 210 | 240 [ 270 120 | 150 | 180 [ 210 | 240 | 270

Crop establishment technique (M)

M;:Conventional method 5.16 5.58 714 | 861 | 1151 10.51 5.04 5.23 7.02 8.58 11.18 10.22
M,: Bud chip seedling at 90 cm x 60 cm 5.18 5.64 752 | 9.14 | 12.30 10.80 5.08 5.26 7.27 8.97 11.64 10.63
M3:Bud chip seedling at 120 cm x 60 cm 5.24 5.76 824 | 9.72 | 1284 | 1121 5.13 5.43 7.83 9.68 12.54 11.08
SEmz+ 0.11 0.13 0.19 | 0.20 0.23 0.11 0.12 0.15 0.16 0.21 0.24 0.15
CD (P=0.05) NS NS 0.76 | 0.80 0.88 0.46 NS NS 0.60 0.82 0.94 0.60
Integrated nutrient management (F)

F,: 100% RDF 5.14 5.50 711 | 874 | 11.58 10.42 4.92 5.22 6.82 8.53 11.22 10.17

F,: 100% RDF + VC @ 1tha >+ GM +BF | 524 | 576 | 7.96 | 941 | 1262 | 11.06 5.16 536 | 7.60 | 9.32 | 12.11 10.86
@ 10 kg ha™

F5: 100% RDF + EC @ 1 tha™ + GM 5.20 5.72 7.78 | 9.32 | 12.45 10.94 5.14 5.31 7.55 9.22 12.05 10.83

Fy 75% RDF+ FYM @ 5tha*+VC@1t| 522 | 566 | 7.74 | 922 | 1222 | 10.92 5.11 527 | 748 | 9.18 | 11.84 10.75
ha' + GM + BF @ 10 kg ha™

Fs: 75% RDF+ FYM @ 5t hat+ EC @1t 5.20 5.65 7.68 9.15 12.20 10.88 5.08 5.26 7.42 9.13 11.77 10.64
ha+ GM

SEm+ 0.07 0.08 0.10 | 0.11 0.16 0.11 0.06 0.08 0.10 0.13 0.18 0.15
CD (P=0.05) NS NS 0.29 | 0.30 0.47 0.32 NS NS 0.30 0.37 0.53 0.44
Interaction (M x F)

SEmz 0.12 0.13 0.17 | 0.18 0.28 0.18 0.11 0.14 0.17 0.22 0.31 0.26
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers; SEmz: Standard error of mean;
CD: Critical difference, NS: Non significant
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Throughout the crop growing period, the number of physiologically

active leaves shoot™ under different crop establishment techniques ranged from 5.16 to
12.84 and 5.04 to 12.54 during 2017-18 and 2018-19, respectively. Cheero-Nayamath et
al. (2000) also reported that the total number of expanded functional leaves plant™
ranged from 6 to 13 in sugarcane. During other crop growing stages i.e. at 180, 210, 240
and 270 DAP, planting of bud chip seedling at 120 cm x 60 cm (Ms) recorded
significantly higher number of physiologically active leaves (8.24, 9.72, 12.84 and
11.21, respectively, during 2017-18; 7.83, 9.68, 12.54 and 11.08, respectively, during
2018-19) as compared to the conventional method (M) (7.14, 8.61, 11.51 and 10.51,
respectively, during 2017-18; 7.02, 8.58, 11.18 and 10.22, respectively, during 2018-19)
which were found to be at par with planting of bud chip seedling at 90 cm x 60 cm (M)
(7.52, 9.14, 12.30 and 10.80, respectively, during 2017-18; 7.27, 8.97, 11.64 and 10.63,
respectively, during 2018-19). However, planting of bud chip seedling at 90 cm x 60 cm
(M) and conventional method (M;) was found to be at par with each other throughout

crop growing period during both the years of investigation.

Significantly higher number of physiologically active leaves shoot™
under the planting of bud chip seedling at 120 cm x 60 cm (M3) might be due to wider
spacing between the seedlings that allowed more penetration of light which might have
created congenial environment for production of more number of leaves shoot™.
Besides this, increase in plant height might be responsible for increase in number of
leaves plant™. Chiluwal et al. (2018) also reported more number of leaves plant™ under
wider planting (1.83 m x 0.91 m) as compared to narrow planting of sugarcane (1.2 m x
0.6 m).

Effect of integrated nutrient management

Data presented in Table 4.3 showed significant variation in number of
physiologically active leaves shoot® except 120 and 150 DAP due to different
integrated nutrient management during both the years. Throughout the crop growing
period, the integrated supply of both organic and inorganic sources of nutrients
significantly increased the number of physiologically active leaves shoot™ in

comparison to 100% RDF during both the years.

At 180 DAP, application of 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly

higher number of physiologically active leaves of 7.96 during 2017-18 and 7.60 during
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2018-19 which was found to be at par with the treatments receiving 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (7.78 and 7.55), 75%
RDF + FYM @ 5 t ha' + vermicompost @ 1 tha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F4) (7.74 and 7.48) and 75% RDF + FYM @ 5t ha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (7.68 and 7.42) during 1%

and 2" year, respectively.

Similarly, at 210, 240 and 270 DAP, the treatment comprised of 100%
RDF + vermicompost @ 1 t ha ™ + green manuring of cowpea + biofertilizers @ 10 kg
ha™ (F,) recorded significantly higher number of physiologically active leaves (9.41,
12.62, and 11.06, respectively, during 2017-18; 9.32, 12.11 and 10.86, respectively,
during 2018-19) which was found to be at par with the treatments receiving 100% RDF
+ enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (9.32, 12.45 and 10.94,
respectively, during 2017-18; 9.22, 12.05 and 10.83, respectively, during 2018-19),
75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 tha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (Fs) (9.22, 12.22 and 10.92, respectively, during 2017-18;
9.18, 11.84 and 10.75, respectively, during 2018-19) and 75% RDF + FYM @ 5tha™ +
green manuring of cowpea + enriched compost @ 1 t ha™ (Fs) (9.15, 12.20 and 10.88,
respectively, during 2017-18; 9.13, 11.7 and 10.64, respectively, during 2018-19).
Whereas, the application of 100% RDF (F;) recorded the lowest number of
physiologically active leaves (8.74, 11.58 and 10.42, respectively, during 2017-18; 8.53,
11.22 and 10.17, respectively, during 2018-19) in all the respective crop growth stages.

The increased values in respect of number of physiologically active
leaves clearly indicated the beneficial effect of adding organic manures to the soil in
conjunction with chemical fertilizers that increased the availability of nutrients to the
crop due to improvement in physical and biological properties of soil (Murarkar et al.,
1998).

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management in terms of number of physiologically active leaves

shoot™ was found to be non-significant during both the years.
4.1.4 Plant height (cm)

Plant height is an important growth parameter that determined the length

of millable cane. In the present investigation, data pertaining to plant height recorded at
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different growth stages of sugarcane i.e. 150, 210, 270 and 330 DAP as affected by crop
establishment techniques and integrated nutrient management are presented in Table 4.4

and corresponding analyses of variance are appended in Appendix V.

The plant height was found to be very less up to 150 DAP and after that
it progressively increased with the advancement of crop growth and reached the
maximum at 330 DAP during both the years. In early stage of crop growth, nutrients
were mainly utilized for development of tillers rather than plant height due to which
plant height was found to be comparatively less in all the treatments.

Effect of crop establishment techniques

The different crop establishment techniques significantly influenced the
plant height recorded at different crop growing periods in both the years. At 150 DAP,
significantly higher plant height of 26.98 cm during 2017-18 and 24.38 cm during
2018-19 was attained due to planting of bud chip seedling at 120 cm x 60 cm (Ms)
which was at par with planting of bud chip seedling at 90 cm x 60 cm (M) (26.20 and
23.47 cm) and both of them were found superior to the conventional method (M;)
(22.15 and 18.81 cm) during 2017-18 and 2018-19, respectively. Similarly, at 210 DAP,
the planting of bud chip seedling at 120 cm x 60 cm (Ms3) recorded significantly higher
plant height (76.38 and 72.22 cm, during 2017-18 and 2018-19, respectively) as
compared to conventional method (M;) (65.48 and 60.51 cm, during 2017-18 and 2018-
19, respectively), but was par with planting of bud chip seedling at 90 cm x 60 cm (M)
(70.37 and 64.28 cm, during 2017-18 and 2018-19, respectively).

In subsequent growth stages, i.e. at 270 and 330 DAP, plant height
recorded under the planting of bud chip seedling at 120 cm x 60 cm (M3) (163.42 and
267.93 cm, respectively, during 2017-18; 158.58 and 256.60 cm, respectively, during
2018-19) was found significantly higher than the planting of bud chip seedling at 90
cm x 60 cm (M) (152.68 and 246.27 cm, respectively, during 2017-18; 146.34 and
236.84 cm, respectively, during 2018-19) and conventional method (M;) (148.56 and
241.53 cm, respectively, during 2017-18; 140.22 and 230.46 cm, respectively, during
2018-19). But no significant difference in plant height was observed between M; and
M, at 210, 270 and 330 DAP during both the years of investigation. In case of M, and
M3 bud chip seedling raised under controlled environment helped in early
establishment of plant in main field and ultimately helped in attaining more plant height

as compared to conventional method of planting. But as the growth progressed,



Table 4.4. Effect of crop establishment techniques and integrated nutrient management on plant height in sugarcane

Treatments

Plant height (cm)

2017-18

2018-19

Days after planting (DAP)

Days after planting (DAP)

150 20 | 270 | 330 150 | 210 | 270 330
Crop establishment techniques (M)
M;:Conventional method 22.15 65.48 148.56 241.53 18.81 60.51 140.22 230.46
M,: Bud chip seedling at 90 cm x 60 cm 26.20 70.37 152.68 246.27 23.47 64.28 146.34 236.84
M3:Bud chip seedling at 120 cm x 60 cm 26.98 76.38 163.42 267.93 24.38 72.22 158.58 256.60
SEmz+ 0.73 2.05 241 5.12 0.64 2.17 245 4.20
CD (P=0.05) 2.86 8.07 9.56 20.11 251 8.52 9.63 16.48
Integrated nutrient management (F)
Fi: 100% RDF 22.18 61.41 141.44 242.33 20.11 57.02 136.16 230.28
F,: 100% RDF +VC @ 1tha '+ GM+BF @ 10 | 27.35 75.14 160.72 258.72 23.60 70.20 153.78 247.88
kg ha
Fs: 100% RDF + EC @ 1tha™ + GM 27.06 74.55 159.48 255.00 23.49 68.95 152.18 244.72
Fs 75% RDF + FYM @ 5tha™ + VC @ 1t ha™ 25.85 72.68 157.60 254.22 22.04 67.52 150.54 242.83
+ GM + BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha™+ 25.51 69.94 155.18 249.38 21.86 64.66 148.68 240.78
GM
SEmz 0.37 0.98 1.55 3.28 0.35 1.04 1.46 3.54
CD (P=0.05) 1.08 2.86 4.53 9.58 1.03 2.93 4.27 10.34
Interaction (M x F)
SEmz 0.64 1.70 2.69 5.68 0.61 1.74 2.53 6.14
CD (P=0.05) NS NS NS NS NS NS NS NS

Note: RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers; SEmz: Standard error of mean;

CD: Critical difference, NS: Non significant
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the competition between plants due to closer spacing in both conventional method as
well as planting of bud chip seedling at 90 cm x 60 cm retarded the crop growth and no
significant variation in plant height was observed between them. On the other hand,
planting of bud chip seedling at 120 cm x 60 cm spacing (M3) might have helped in
efficient utilization of solar light and other resources due to sufficient spacing between
the plants resulting in maximum plant height throughout the crop growing period.

Effect of integrated nutrient management

The plant height recorded at different crop growth stages showed
significant variation due to different integrated nutrient management practices during
both the years of investigation. The treatments following the integrated nutrient
management practices recorded significantly more plant height as compared to sole

application of 100% RDF through inorganic fertilizers during both the years.

In early stage of crop growth i.e. at 150 DAP, the treatment comprised of
100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™ (F,) recorded significantly higher plant height of 27.35 cm during 2017-18
and 23.60 cm during 2018-19 which was at par with 100% RDF + enriched compost @
1t ha™* + green manuring of cowpea (Fs) (27.06 and 23.49 cm) and both of them were
superior to the treatment receiving 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t
ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (25.85 and 22.04 cm)
and 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™* + green manuring of
cowpea (Fs) (25.51 and 21.86 cm), in the respective years. The availability of more
nutrients under the optimal dose of inorganic fertilizers along with organic sources

helped in more elongation of plant as compared to sub-optimal dose.

At 210 DAP, significantly higher plant height of 75.14 cm during 2017-
18 and 70.20 cm during 2018-19 was attained due to the application of 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
which was at par with all the treatments other than 100% RDF (F;) (61.41 and 57.02
cm, during 2017-18 and 2018-19, respectively) and 75% RDF + FYM @ 5t ha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (69.94 and 64.66 cm,
during 2017-18 and 2018-19, respectively) . The effect of F3 and F4 F,and Fswas found
to be at par during both the years.
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At 270 DAP, treatment receiving 100% RDF + vermicompost @ 1 t ha™

+ green manuring of cowpea+ biofertilizers @ 10 kg ha™ (F,) revealed significantly
higher plant height of 160.72 cm during 2017-18 and 153.78 cm during 2018-19 which
were found to be at par with 100% RDF + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (159.48 and 152.18 cm) and 75% RDF+ FYM @ 5 t ha™ +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(157.60 and 150.54 cm) during first and second year, respectively. Moreover, the plant
height recorded under F3, F4 and Fs was found to be at par with each other during both

the years.

In later stage of crop growth i.e. at 330 DAP, significantly higher plant
height was obtained due to the application 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) which was found to be at
par with all the treatments receiving both organic as well as inorganic sources of
nutrients viz., 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) (255.00 and 244.72 cm), 75% RDF+ FYM @ 5 t ha™* + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (254.22 and 242.83 cm)
and 75% RDF + FYM @ 5 t ha™* + enriched compost @ 1 t ha™* + green manuring of
cowpea (Fs) (249.38 and 240.78 cm) during 1% and 2™ year, respectively. All of them
were found to be significantly higher as compared to the sole application of inorganic
fertilizers i.e.100% RDF (F;) (242.33 in 1% year and 230.28 cm in 2" year).

The use of organic sources of nutrients, biofertilizers along with
chemical fertilizers helped in uniform supply of nutrients through mineralization
process that resulted in higher plant height. On the other hand, 100% RDF (F,) failed to
provide the sufficient amount of nutrients throughout the crop growing period due to
loss of nutrients through various factors that greatly reduced the plant height. However,
the maximum plant height was obtained due to integration of 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
in all the crop growing periods during both the years of investigation. The suitable
combination of various sources of nutrients such as vermicompost, biofertilizers, and
green manuring of cowpea along with optimal dose of inorganic fertilizers might have
helped in supply of more amounts of nutrients to the crop that resulted in better crop
growth. Besides the supply of nutrients, the release of growth hormones like auxins,
cytokinins, and gibberalic acid like substances from Azotobacter (Wani et al., 2013)

and vermicompost (Krishnamoorthy and Vajrabhiah, 1986) might be responsible for
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increased the plant height. Kumar et al. (2019) also reported significant increase in plant
height (2.91 m) due to integration of FYM @ 10 t ha™, bio-fertilizer along with 100%
recommended dose of NPK over the sole application of 100% NPK (2.67 cm). Similar
finding was also reported by Tyagi et al. (2012).

Interaction effect

No significant difference in plant height was observed due to interaction
effect between the crop establishment techniques and integrated nutrient management

during both the years.

4.1.5 Leaf area shoot™ (cm?)

Data in respect of leaf area shoot™ recorded at different crop growth
stages i.e. at 150, 180, 210, 240, 300 and 390 DAP as influenced by crop establishment
techniques and integrated nutrient management are presented in Table 4.5 and

corresponding analyses of variance are appended in Appendix V.

In early crop growth stage i.e. at 150 DAP, the development of leaf area
shoot™ was very slow which rapidly increased during grand growth stage and again
declined towards maturity. The low temperature during the early crop growth stage
might have restricted the leaf area expansion. However, with the advancement of crop
growth the leaf area shoot™ progressively increased and reached the maximum at 240

DAP and decreased at subsequent crop growth stages during both the years.

Effect of crop establishment techniques

The different crop establishment techniques showed significant variation
on leaf area shoot™ recorded at different crop growth stages except 150, 330 and 390
DAP during both the years. The insignificant difference in early stage of crop growth
i.e. at 150 DAP might be due to less competition among the plants for nutrients. On the
other hand, senescence of most of the physiologically active leaves in later stages of
crop growth as well as closure of crop canopy might be responsible for insignificant
difference at 330 and 390 DAP under different crop establishment techniques.



Table 4.5. Effect of crop establishment techniques and integrated nutrient management on leaf area shoot™ in sugarcane

Treatments

Leaf area shoot™ (cm?)

2017-18

2018-19

Days after planting (DAP)

Days after planting (DAP)

150 | 180 | 210 240 300 | 390 150 | 180 | 210 240 300 390
Crop establishment technigues (M)
M,:Conventional method 725.18 | 1406.32 | 2701.22 | 4120.51 | 3990.88 | 1515.88 | 700.32 | 1311.64 | 2682.14 | 3981.38 | 3866.06 | 1524.33
M,: Bud chip seedling at 90 cm | 727.62 | 1502.17 | 2941.38 | 4457.63 | 4064.26 | 1544.07 | 704.68 | 1401.72 | 2861.20 | 4343.05 | 3971.34 | 1533.69
X 60 cm
M3:Bud chip seedling at 120 | 750.48 | 1565.68 | 3272.86 | 4765.77 | 4213.21 | 1636.18 | 708.32 | 1515.25 | 3157.00 | 4536.58 | 4161.62 | 1602.92
cm X 60 cm
SEm+ 13.13 29.43 85.84 86.99 64.22 45.48 15.58 29.44 85.89 74.56 105.96 43.81
CD (P=0.05) NS 115.76 337.08 341.58 NS NS NS 116.05 337.28 | 292.78 NS NS
Integrated nutrient management (F)
Fi: 100% RDF 713.95 | 1416.34 | 2846.52 | 4298.52 | 3931.82 | 1537.54 | 683.14 | 1301.64 | 2721.44 | 4054.76 | 3758.22 | 1528.15
F,: 100% RDF + VC @ 1tha ™ | 754.79 | 1538.67 | 3078.34 | 4582.33 | 4182.69 | 1582.86 | 727.28 | 1476.12 | 3044.22 | 4426.45 | 4106.32 | 1574.36
+GM + BF @ 10 kg ha™
Fs: 100% RDF + EC @ 1 tha | 746.60 | 1516.77 | 3033.21 | 4500.64 | 4143.26 | 1578.34 | 715.78 | 1442.34 | 2966.98 | 4359.52 | 4077.16 | 1570.16
+GM
F.. 75% RDF + FYM @ 5 tha| 733.86 | 1500.92 | 2960.18 | 4460.14 | 4104.83 | 1566.70 | 701.50 | 1417.96 | 2898.73 | 4312.07 | 4043.81 | 1551.32
+VC@1tha'+GM+BF @
10 kg ha™
Fs: 75% RDF + FYM @ 5 tha™| 724.95 | 1488.12 | 2940.88 | 4431.67 | 4084.60 | 1561.44 | 694.32 | 1414.63 | 2870.32 | 4282.33 | 4018.12 | 1544.25
+EC @ 1tha'+ GM
SEm+t 5.74 11.44 31.84 35.92 30.73 20.81 6.86 17.83 36.70 30.57 24.82 19.36
CD (P=0.05) 16.75 33.93 92.92 104.82 89.70 NS 20.02 52.04 107.08 89.22 72.42 NS
Interaction (M x F)
SEm+t 9.94 19.82 55.14 62.21 53.22 36.04 11.88 30.88 63.54 52.95 42.98 33.54
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers; SEmz: Standard error of mean;
CD: Critical difference, NS: Non significant
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At 180 and 210 DAP, the leaf area shoot™ recorded under the planting of

bud chip seedling at 120 cm x 60 cm (M) (1565.68 and 3272.86 cm?, respectively,

during 2017-18; 1515.25 and 3157.00 cm?, respectively, during 2018-19) was found to

be at par with the planting of bud chip seedling at 90 cm x 60 cm (M) (1502.17 and

2941.38 cm?, respectively, during 2017-18; 1401.72 and 2861.20 cm?, respectively,

during 2018-19) but significantly higher than the conventional method (M) (1406.32

and 2701.22 cm?, respectively, during 2017-18; 1311.64 and 2682.14 cm?, respectively,

during 2018-19). Besides this, both M; and M, were found to be at par in effect during
both the years of study.

At 240 DAP, planting of bud chip seedling at 120 cm x 60 cm (Ms)
recorded maximum leaf area shoot™ of 4765.77 cm? during 2017-18 and 4536.58 cm?
during 2018-19, which were significantly higher as compared to conventional method of
planting (M) (4120.51 and 3981.38 cm?), but at par with planting of bud chip seedling
at 90 cm x 60 cm (M,) (4457.63 and 4343.05 cm?) during 2017-18 and 2018-19,
respectively. However, M, was found to be at par with M; during 2017-18, but found to
be superior to M; during 2018-19.

The leaf area shoot™ is the function of number of physiologically active
leaves as well as their magnitude of expansion which is mainly governed by the nutrient
availability to the plants. The variation in shoot population and their competition for
nutrients at different crop growth stages revealed variable results in leaf area shoot™
among the different crop establishment techniques. Obtaining of significantly higher
values under planting of bud chip seedling at 120 cm x 60 cm (M3) was due to
maintenance of appropriate plant spacing between the seedlings that might have helped
in more expansion of leaves resulting in more leaf area shoot™. Khalid et al. (2015) also
reported higher leaf area shoot™ due to planting of bud chip seedling at 120 cm row

spacing followed by 90 cm row spacing.
Effect of integrated nutrient management

Appraisal of data on leaf area shoot™ recorded at different crop growth
stages revealed significant difference due to different integrated nutrient management

practices during both the years of investigation.

At 150 DAP, the production of leaf area shoot™ due to application 100%
RDF + vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
hat (F,) (754.79 and 727.28 cm?) was found to at par with 100% RDF + enriched
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compost @ 1 t ha™ + green manuring of cowpea (F3) (746.60 and 715.78 cm?), but
significantly higher than 75% RDF+ FYM @ 5 t ha™ + vermicompost @ 1 t ha™* + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (733.86 and 701.50 cm?), 75%
RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(724.95 and 694.32 cm?) and 100% RDF (F1) (713.95 and 683.14 cm?) during 1% and
2" year, respectively. However, the effect of F; and F4, F4 and Fs, Fs and Fywere found
to be at par with each other. This might be due to better supply of nutrients for more leaf
area development under the combined application of optimum dose of inorganic

fertilizers along with organic source of nutrients.

At 180, 210 and 240 DAP, leaf area shoot™ recorded under the integrated
supply of 100% RDF + vermicompost @ 1 t ha® + green manuring of cowpea +
biofertilizers @ 10 kg ha™* (F,) (1538.67, 3078.34 and 4582.33 cm?, respectively, during
2017-18 ; 1476.12, 3044.22 and 4426.45 cm?, respectively, during 2018-19) was found
to be at par with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) (1516.77, 3033.21 and 4500.64 cm? respectively, during 2017-18 ; 1442.34,
2966.98 and 4359.52 cm?, respectively, during 2018-19), but found to be significantly
higher than the application of 75% RDF + FYM @ 5 t ha™* + vermicompost @ 1 t ha™* +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs) (1500.92, 2960.18 and
4460.14 cm?, respectively, during 2017-18; 1417.96, 2898.73 and 4312.07 cm?,
respectively, during 2018-19) and 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1
t ha' + green manuring of cowpea (Fs) (1488.12, 2940.88 and 4431.67 cm?
respectively, during 2017-18;1414.63, 2870.32 and 4282.33 cm?, respectively, during
2018-19). The lowest values (1416.34, 2846.52 and 4298.52 cm?, respectively, during
2017-18; 1301.64, 2721.44 and 4054.76 cm? respectively, during 2018-19) were
obtained under sole application of 100% RDF through inorganic fertilizers. Moreover,
F3 was found to be at par with F4 and Fs in effect at 180, 210 and 240 DAP during both
the years of study.

At 300 DAP, significantly higher values of leaf area shoot™ (4182.69 and
4106.32 cm?, during 2017-18 and 2018-19, respectively) were also registered under
100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™ (F,) which was found to be at par with 100% RDF + enriched compost @ 1 t
ha® + green manuring of cowpea (Fs) (4143.26 and 4077.16 cm?) and 75% RDF +
FYM @ 5t ha + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F4) (4104.83 and 4043.81 cm?) during 1% and 2" year, respectively.
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Moreover, F; was found to be at par with F4 and Fs in effect during both the years of
study. All the above treatments produced significantly higher values as compared to
100% RDF (F) (3931.82 and 3758.22 cm?) during 2017-18 and 2018-19, respectively.

Throughout the crop growing period, the production of significantly
higher leaf area shoot™ under the treatment F, might be due to application of organic
nutrients like vermicompost, green manure along with biofertilizers and optimal dose of
inorganic fertilizers that facilitated more uptake of nutrients to the crop for longer
period of time which helped in maintaining more number of active leaves and as well as
expansion of more leaf area. Besides this, the application of vermicompost played an
important role in proper growth and development of plants due to presence of humic
substances (Senesi et al., 2007) and growth hormones like cytokinins and auxins
(Krishnamoorthy and Vajrabhiah, 1986). Likewise, the other integrated nutrient
management practices also increased the availabity of nutrients to crop as compared to
100% RDF that resulted in more leaf area shoot™. Soomro et al. (2013) also reported
maximum leaf area stalk™ due to integrated supply of 75% RDF along with FYM @ 20
t ha which was significantly higher as compared to 100% RDF. Similar result was also
obtained by Ramesh et al. (2002).

Interaction effect

During both the years of investigation, the leaf area shoot™ recorded at
different growth stages was remained unaffected due to interaction effect between crop

establishment techniques and integrated nutrient management.
4.1.6 Leaf area index (LAI)

Data related to leaf area index (LAI) recorded at different growth stages
I.e. at 120, 150, 180, 210, 240 and 300 DAP as affected by different crop establishment
techniques and integrated nutrient management are presented in Table 4.6 and

corresponding analyses of variance are appended in Appendix VI.

In the present investigation, the LAI increased with the advancement of
crop growth and reached the maximum value at 240 DAP and thereafter, it started to
decline towards maturity. The senescence of older leaves might be responsible for

reduction in LAI at later stages of crop growth.
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Effect of crop establishment techniques

The leaf area index calculated at different crop growth stages viz., 120,
150, 180, 210, 240 and 300 DAP showed significant variation due to different crop
establishment techniques during both the years. At 120 and 150 DAP, planting of bud
chip seedling at 120 cm x 60 cm (Ms) registered significantly higher LAI (0.52 and
0.89, respectively, during 2017-18; 0.46 and 0.82, respectively, during, 2018-19 ) that
was found to be at par with planting of bud chip seedling at 90 cm x 60 cm (M;) (0.51
and 0.82, respectively, during 2017-18; 0.44 and 0.78, respectively, during 2018-19) but
showed its superiority over the conventional method (M;) (0.42 and 0.70, respectively,
during 2017-18 ; 0.36 and 0.63, respectively, during 2018-19). The insignificant
difference in LAI between M3 and M, might be due to non-significant difference in total

number of shoots and leaf area stalk™ at these particular stages during both the years.

But as the growth progressed, the LAI recorded at 180 and 210 DAP
revealed significantly higher values (2.37 and 4.36, respectively, during 2017-18; 2.20
and 4.16, respectively, during 2018-19) under the planting of bud chip seedling at 120
cm x 60 cm (M3) as compared to planting of bud chip seedling at 90 cm x 60 cm (M)
(2.01 and 3.64, respectively, during 2017-18; 1.80 and 3.47 respectively, during 2018-
19) and conventional method (M;) (1.75 and 3.32, respectively, during 2017-18; 1.55
and 3.03, respectively, during 2018-19). At 180 DAP, both M3 and M, were found to be
significantly higher as compared to M; during both the years. But, at 210 DAP, the
effect of My and M, was found to be at par with each other during both the years of

study.

At 240 DAP, planting of bud chip seedling at 120 cm x 60 cm (M3) also
exhibited the maximum LAI of 6.15 during 2017-18 and 5.65 during 2018-19 which
was significantly higher than planting of bud chip seedling at 90 cm x 60 cm (M) (5.18
and 4.78) as well as conventional method of planting (M) (4.48 and 4.12) in 1% and 2™
year, respectively. At 300 DAP, although the planting of bud chip seedling at 120 cm x
60 cm (Ms3) recorded significantly higher LAl (4.46 and 4.36) as compared to
conventional method (M) (3.82 and 3.64) but was at par with planting of bud chip
seedling at 90 cm x 60 cm (M,) (4.01 and 3.88) during 2017-18 and 2018-19,
respectively. In both the stages of crop growth, M; and M, were at par in effect during

both the years.



Table 4.6. Effect of crop establishment techniques and integrated nutrient management on leaf area index in sugarcane

leaf area index (LAI)

2017-18 2018-19
Treatments - -
Days after planting (DAP) Days after planting (DAP)

120 | 150 | 180 | 210 | 240 | 300 | 120 | 150 | 180 | 210 | 240 | 300
Crop establishment technique (M)
M;:Conventional method 0.42 0.70 1.75 332 | 4.48 3.82 0.36 0.63 1.55 3.03 4.12 3.64
M,: Bud chip seedling at 90 cm x 60 cm 0.51 0.82 2.01 3.64 | 5.18 4.01 0.44 0.78 1.80 3.47 4.78 3.88
Mj;:Bud chip seedling at 120 cm x 60 cm 0.52 0.89 2.37 436 | 6.15 4.46 0.46 0.82 2.20 4.16 5.65 4.36
SEmz+ 0.02 0.02 0.06 0.13 | 0.18 0.13 0.02 0.02 0.05 0.13 0.18 0.13
CD (P=0.05) 0.08 0.09 0.23 052 | 0.70 0.51 0.08 0.06 0.22 0.50 0.71 0.49
Integrated nutrient management (F)
F;: 100% RDF 0.44 0.74 1.76 3.27 | 4.46 3.73 0.38 0.66 1.56 3.01 4.12 3.52
F,: 100% RDF + VC @ 1tha™+ GM + BF | 0.51 0.83 2.21 404 | 564 4.25 0.44 0.78 2.01 3.84 5.18 4.14
@ 10 kg ha™
Fs: 100% RDF + EC @ 1 tha™ + GM 0.50 0.83 2.14 3.96 | 5.60 4.20 0.43 0.77 1.94 3.77 5.11 4.10
Fy: 75% RDF + FYM @ 5tha*+VC @ 1 | 0.48 0.81 2.07 3.84 | 5.44 4.16 0.42 0.76 1.88 3.62 5.01 4.06
tha'+GM + BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha” + EC @ 1 0.48 0.79 2.04 3.75 | 5.23 4.13 0.42 0.75 1.86 3.56 4.86 3.98
t ha™+ GM
SEm+ 0.01 0.01 0.04 0.07 | 0.08 0.07 0.01 0.01 0.03 0.05 0.06 0.06
CD (P=0.05) 0.03 0.04 0.11 0.19 | 0.23 0.19 0.02 0.03 0.10 0.16 0.19 0.17
Interaction (M x F)
SEmz+ 0.02 0.02 0.07 012 | 0.14 0.11 0.01 0.02 0.06 0.09 0.11 0.10
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;

SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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The variable LAI under different crop establishment techniques were

ascribed due to variation in leaf area and number of shoots per unit area. The greater

LAI due to planting of bud chip seedling at 120 cm x 60 cm (Ms) might be due to

availability of proper spacing which resulted in development of more leaf area as well

as shoots per unit area. Chiluwal et al. (2018) also reported higher leaf area index due to

planting of sugarcane bud chip seedling at 120 cm x 0.61 cm. Similar, findings were
also reported by Khalid et al. (2015) and Nadeem et al. (2020).

Effect of integrated nutrient management

The leaf area index (LAI) recorded at different crop growth stages were
significantly influenced by different integrated nutrient management practices during
both the years. At 120 and 150 DAP, the treatments comprised of both organic and
inorganic sources of nutrients were at par with each other and all of them were found
superior to the application of 100% RDF (F;) (0.44 and 0.74, respectively during 2017-
18; 0.38 and 0.66, respectively, during 2018-19). However, significantly higher values
were obtained due to the application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) (0.51 and 0.83, respectively
during 2017-18; 0.44 and 0.78, respectively, during 2018-19). This might be due to
insignificant difference in total shoot population as well as number of leaves plant™
during early stages of crop growth under different integrated nutrient management

practices.

At 180 and 210 DAP, application of 100% RDF + vermicompost @ 1 t
ha® + green manuring of cowpea + biofertilizers @ 10 kg ha® (F,) recorded
significantly higher LAI (2.21 and 4.04, respectively, during 2017-18 ; 2.01 and 3.84,
respectively, during 2018-19) which was found to be at par with 100% RDF + enriched
compost @ 1 t ha™ + green manuring of cowpea (Fs) (2.14 and 3.96, respectively,
during 2017-18; 1.94 and 3.77, respectively, during 2018-19) but found superior to the
treatment comprised of 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (2.07 and 3.84, respectively,
during 2017-18; 1.88 and 3.62, respectively, during 2018-19) and 75% RDF + FYM @
5t ha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (2.04 and 3.75,
respectively, during 2017-18; 1.86 and 3.56, respectively, during 2018-19). However,
F3 F4 and Fs were found to be at par in effect at 180 DAP during both the years. While,
the effect of F3 and F4 as well as F, and Fs were found to be at par with each other at
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210 DAP during both the years. In both the periods, significantly lower values of 1.76
and 3.27, respectively, during 2017-18 and 1.56 and 3.01, respectively, during 2018-19
were obtained under the sole application of 100% RDF. The demands for more nutrients
at these particular crop growing periods due to more shoot population per unit area
might have resulted in significant difference in leaf area shoot™ which ultimately

resulted in variation in LAI.

However, the maximum leaf area index of 5.64 during 2017-18 and 5.18
during 2018-19 was obtained at 240 DAP due to application 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
that was at par with the treatment receiving 100% RDF + enriched compost @ 1 tha™ +
green manuring of cowpea (Fs) (5.60 and 5.11) and 75% RDF + FYM @ 5 t ha™ +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(5.44 and 5.01), but significantly higher than the application of 75% RDF + FYM @ 5 t
ha® + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (5.23 and 4.86)
during 2017-18 and 2018-19, respectively. But all of them were found to be
significantly higher in comparison to 100% RDF (F;) (4.46, in 2017-18 and 4.12, in
2018-19). However, Fzand F,4 as well as F4 and Fs did not differ from each other at 210
and 240 DAP during both the years.

During later stage of crop growth i.e. at 300 DAP, although the treatment
receiving 100% RDF + vermicompost @ 1 t ha™® + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F2) (4.25 and 4.14) recorded significantly higher LAI as
compared to 100% RDF (3.73 and 3.52), but found to be at par with all the treatments
receiving integrated nutrient management viz., 100% RDF + enriched compost @ 1 t
ha™ + green manuring of cowpea (F3) (4.20 and 4.10), 75% RDF + FYM @ 5 t ha™ +
vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(4.16 and 4.06) and 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea +
enriched compost @ 1 t ha™ (Fs) (4.13 and 3.98) in 2017-18 and 2018-19, respectively.

The above results clearly expressed that the integrated nutrient
management practices recorded significantly higher leaf area index as compared to
100% RDF throughout the crop growing stages during both the years. Apart from
inorganic fertilizers, the other sources of nutrients might have supplied more amount of
nutrients to the crop resulting in more leaf area, number of leaves as well as shoots per

unit area in comparison to 100% RDF. The production of higher leaf area as well as
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more number of physiologically active leaves shoot™ recorded under the integrated
supply of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F,) led to significantly higher LAI throughout the crop
growing period. In earlier findings, many researchers reported notable increase in leaf
area index due to integration of both organic and inorganic sources of nutrients as
compared to sole application of fertilizers (Swamy et al., 1999; Soomro et al., 2013 and
Banerjee et al., 2018).

Interaction effect

During both the years of investigation, the LAI recorded at different crop
growth stages were remained unaffected due to interaction effect between crop

establishment techniques and integrated nutrient management.
4.1.7 Leaf area duration (LAD) (days)

The data pertaining to leaf area duration (LAD) as influenced by crop
establishment techniques and integrated nutrient management are presented in Table 4.7

and corresponding analyses of variance are appended in Appendix VII.

The degree and persistence of leaf area during a particular crop growth
stage can be articulated by determining the LAD. In the present investigation, higher
magnitudes of LAD being found during 210-270 DAP as compared to early stage of

crop growth. Rai et al. (2017) also reported the similar findings.
Effect of crop establishment techniques

Data recorded at different crop growth periods at an interval of 60 days
i.e. 90-150, 150-210 and 210-270 DAP showed significant difference in terms of leaf

area duration (LAD) due to different crop established techniques in both the years.

A closure perusal of data on leaf area duration (LAD) revealed that in
early stage of crop growth i.e. during 90-150 DAP; low magnitude of LAD was
obtained under different crop establishment techniques, which ranged from 23.88 to
27.22 days and 20.22 to 25.52 days during 2017-18 and 2018-19, respectively. This
might be due to production of lower magnitude of leaf area shoot™ during early stage of
crop growth in all the crop establishment techniques. During this period, the highest
LAD of 27.22 days in 2017-18 and 25.52 days in 2018-19 was recorded under the
planting of bud chip seedling at 120 cm x 60 cm (M3) which was found to be at par with
planting of bud chip seedling at 90 cm x 60 cm (M) with 26.77 and 23.84 days for the
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respective years. But, both of them recorded significantly higher LAD as compared to
the conventional method (M;) (23.88 and 20.22 days) during 2017-18 and 2018-19,
respectively. The insignificant variation in LAD between M3 and M, might be due to
non-significant difference in leaf area shoot™ between them in early stage of crop

growth during both the years.

Leaf area duration recorded during 150-210 DAP revealed that the values
obtained under planting of bud chip seedling at 120 cm x 60 cm (M3) (170.14 and
149.86 days) were significantly higher than planting of bud chip seedling at 90 cm x 60
cm (My) (141.22 and 126.64 days) as well as conventional method of planting (M)
(123.24 and 111.44 days) during 2017-18 and 2018- 19, respectively. But, M; and M,
were found to be at par in effect during both the years. Similar results were also
obtained in case of LAD recorded during 210- 270 DAP in both the years of
investigation. The planting of bud chip seedling at 120 cm x 60 cm (M3) also recorded
significantly higher LAD (287.74 and 284.27 days) as compared to the planting of bud
chip seedling at 90 cm x 60 cm (M) (251.86 and 245.62 days) and conventional method
of planting (M) (244.72 and 227.64 days) in 1% and 2™ year, respectively.

The significant variation in LAD might be due to significant difference
observed in LAI under different crop establishment techniques during both the years.
The wider planting and early establishment of plant under the planting of bud chip
seedling at 120 cm x 60 cm (Mg3) helped in development of more number of
physiologically active leaves shoot™ as well as leaf surface area which increased the
LAI and ultimately LAD. Nadeem et al. (2020) also reported higher LAD due to

planting of sugarcane at 120 cm trenches than the other plant spacings.
Effect of integrated nutrient management

The leaf area duration (LAD) recorded at 60 days interval showed
significant difference due to different integrated nutrient management practices during
both the years. Irrespective of treatments, during the early growth stages i.e. 90-150
DAP, comparatively lesser LAD was recorded which gradually increased in subsequent
crop growth stages i.e. during 150-210 and 210-270 DAP. This indicated high
magnitude of leaf area and its persistence during 150-210 DAP and 210-270 DAP and
reverse was found in early stages of crop growth. The slow crop canopy development at

early stage of crop due to low temperature greatly reduced LAD in all the treatments.



Table 4.7. Effect of crop establishment techniques and integrated nutrient management on leaf area duration (LAD) in sugarcane

Leaf area duration(days)

Treatments 2017-18 2018-19
90 - 150 150 - 210 210 - 270 90 - 150 150 - 210 210 - 270

DAP DAP DAP DAP DAP DAP
Crop establishment technique (M)
M;:Conventional method 23.88 123.24 244,72 20.22 111.44 227.64
M,: Bud chip seedling at 90cm x 60 cm 26.77 141.22 251.86 23.84 126.64 245.62
Ms:Bud chip seedling at 120cm x 60 cm 27.22 170.14 287.74 25.52 149.86 284.27
SEm+ 0.66 5.05 7.31 0.71 4.03 6.79
CD (P=0.05) 2.60 19.82 28.70 2.80 15.84 26.65
Integrated nutrient management (F)
F;: 100% RDF 24.62 120.01 225.18 21.67 114.06 218.67
F2:1100% RDF +VC @ 1tha ™+ GM + BF @ 10 kg 27.02 157.88 280.24 24.08 138.55 272.84
ha’
Fs: 100% RDF + EC @ 1tha™ + GM 26.34 154.27 274.44 23.76 135.34 265.32
F,;: 75% RDF + FYM @ 5tha™ + VC @ 1 tha™ + GM 26.12 146.86 265.78 23.36 131.16 255.87
+BF @ 10 kg ha*
Fs: 75% RDF + FYM @ 5tha’ + EC @ 1 tha™+ GM 25.86 145.31 261.55 23.11 127.45 250.19
SEm+ 0.34 1.98 2.90 0.30 1.42 2.59
CD (P=0.05) 0.98 5.77 8.47 0.87 4.17 7.56
Interaction (M x F)
SEmz 0.58 3.42 5.02 0.51 3.43 4.48
CD (P=0.05) NS S S NS S S

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;

SEmz: Standard error of mean; CD: Critical difference , S: Significant NS: Non significant




Table 4.7.1. Interaction effect between the crop establishment techniques and integrated nutrient management on leaf area duration (LAD) at

150 -210 DAP
2017-18 2018-19
F, F, Fs Fa Fs F, F, Fs F. Fs
M;: Conventional method 107.03 133.23 126.60 124.54 124.78 102.73 117.27 114.35 112.57 110.31
M,: Bud chip seedling at 90 cm x 60 cm 120.92 152.21 148.59 144.17 140.20 115.72 135.00 131.46 126.86 124.17
M3: Bud chip seedling at 120 cm x 60 cm 132.09 188.19 187.63 171.87 170.94 123.75 163.39 160.21 154.06 147.88
Semz+ CD(0.05) Semz+ CD(0.05)
M at the same level of F 3.42 9.99 2.43 5.02
F at the same or different levels of M 5.49 16.03 411 8.47

Note : Fy: 100% RDF; F,: 100% RDF + green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @10 kg ha™; F5: 100% RDF + green manuring of
cowpea + enriched compost @ 1 t ha™ ; F,: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @10 kg ha™ ;
Fs: 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @ 1 t ha™




Table 4.7.2. Interaction effect between the crop establishment techniques and integrated nutrient management on total numbers of shoots

plant™ at 210-270 DAP

2017-18 2018-19
F, F, F; F, Fs F, F, F; F, Fs
M;: Conventional method 217.31 262.48 251.52 246.02 246.26 205.51 247.79 235.82 223.62 225.45
M,: Bud chip seedling at 90 cm x 60 cm 226.57 267.52 261.57 254.82 248.85 222.95 262.05 252.67 245.65 244.78
Ms: Bud chip seedling at 120 cm x 60 cm | 231.66 310.77 310.24 296.48 289.55 227.54 308.67 307.46 298.35 280.34
Sem+ CD(0.05) Sem+ CD(0.05)
M at the same level of F 5.02 10.37 4.49 13.08
F at the same or different levels of M 7.97 16.45 7.36 21.44

Note : F;: 100% RDF; F,: 100% RDF + green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @10 kg ha™*; F5: 100% RDF + green manuring of
cowpea + enriched compost @1 t ha’: F,: 75% RDF + FYM @ 5t ha™ + green manuring of cowpea + vermicompost @ 1 t ha* + biofertilizers @10 kg ha'; Fs:
75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @1t ha™
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During 90-150 DAP, the integrated supply of 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
recorded the highest LAD of 27.02 days during 2017-18 and 24.08 days during 2018-19
which was found to be at par with the application of 100% RDF + enriched compost @
1t ha™ + green manuring of cowpea (F3) (26.34 and 23.76 days) and 75% RDF + FYM
@ 5 t ha + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™ (F4) (26.12 and 23.36 days), but found to be significantly higher as compared
to 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (25.86 and 23.11 days) in 1% and 2™ year, respectively.

The maximum LAD (157.88 and 138.55 days) was also registered due to
integrated supply of 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F») during 150-210 DAP, which was found at par
with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(154.27 and 135.34 days), but superior to the treatments comprised of 75% RDF +
FYM @ 5 tha™ + vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers
@ 10 kg ha™* (F4) (146.86 and 131.16 days) and 75% RDF + FYM @ 5 t ha™ + enriched
compost @ 1 t ha™ + green manuring of cowpea (Fs) (145.31 and 127.45 days) during
2017-18 and 2018-19, respectively. However, F, and Fs were found to be at par in effect
during both the years of study.

In case of LAD recorded during 210-270 DAP, the treatment receiving
100% RDF + green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @
10 kg ha™ (F,) recorded significantly higher values (280.24 and 272.84 days, during
2017-18 and 2018-19, respectively) which was found to be at par with 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (F3) (274.44 and 265.32 days,
during 2017-18 and 2018-19, respectively) and both of them were found superior to the
treatments with 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (265.78 and 255.87 days) and
75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (261.55 and 250.19 days) in 1% and 2" year, respectively. However, during
all the growth stages i.e. from 90-150, 150-210 and 210-270 DAP; the integrated
nutrient management practices produced significantly higher LAD as compared to
100% RDF (24.62, 120.01 and 255.18 days, respectively, during 2017-18; 21.67 114.06
and 218.67 days, respectively, during 2018-19).
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The significant variation in LAD under different treatments might be due

to the variation in leaf area index due to different nutrient management practices. The
production of significantly higher LAD under 100% RDF + vermicompost @ 1t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) might be due to higher
nutrient uptake leading to increased leaf area, LAI and ultimately LAD. Keshavaiah
(2012) also reported significant variation in LAD due to different integrated nutrient

management in sugarcane. Similar finding was also reported by Kuri (2014).
Interaction effect

The leaf area duration (LAD) recorded at 150-210 and 210-270 DAP
were significantly influenced by interaction effect between different crop establishment
techniques and integrated nutrient management during both the years (Table 4.7.1
and 4.7.2).

Irrespective of crop establishment techniques, the treatments with
integrated nutrient management significantly increased LAD over 100% RDF. Data
revealed that among the treatment combinations, planting of bud chip seedling at 120
cm x 60 cm along with 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @10 kg ha™ (MsF,) and planting of bud chip seedling at 120 cm
x 60 cm and 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(M3F3) recorded significantly higher LAD (188.19 and 187.63 days, respectively, during
2017-18; 163.39 and 160.21 days, respectively, during 2018-19) as compared to all
other treatment combinations during 150-210 DAP. Whereas, the minimum LAD was
achieved under the conventional method in association with application of 100% RDF
(M4F;) (107.03 and 102.73 days) during 1% and 2" year, respectively.

A close perusal of data on LAD during 210 -270 DAP revealed that
combined effect of planting of bud chip seedling at 120 cm x 60 cm along with 100 %
RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
hat (MsF») recorded the maximum LAD (310.77 and 308.67 days) which was at par
with planting of bud chip seedling at 120 cm x 60 cm and application of 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (MsF3) (310.24 and 307.46
days) and 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™* + biofertilizers @ 10
kg ha™ + green manuring of cowpea (M3Fs4) (296.48 and 298.35 days) during 2017-18
and 2018-19, respectively. The interaction between the conventional method and 100%
RDF (M;F;) recorded the lowest LAD (217.31 and 205.51 days) during both the years.
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The suitable planting technique along with proper nutrition helped in development of
more leaf area index which ultimately increased the LAD.

4.1.8 Crop Growth Rate (g m?day™)

The mean values regarding crop growth rate (CGR) recorded at different
growth stages at 60 days interval i.e. 90-150, 150-210, 210-270 and 330-390 DAP as
influenced by crop establishment techniques and integrated nutrient management are
presented in Table 4.8 and their corresponding analyses of variance are appended in
Appendix VIII.

In the present investigation, the crop growth rates (CGR) of sugarcane
increased linearly along with the increase in crop growth and reached the peak during
270-330 DAP and again declined towards maturity (Fig. 4.1a, 4.1b, 4.2a, 4.2b).

Effect of crop establishment techniques

An assessment of data pertaining to crop growth rate (CGR) presented in
Table 4.8 showed significant differences in CGR due to different crop establishment
techniques except during 90-150 and 330-390 DAP in 1% and 2" vear of
experimentation. The less demand for all resources by the plants under reduced crop
growth because of the low atmospheric temperature resulted insignificant difference
during 90-150 DAP. While, the senescence of physiologically active leaves at later
stage of crop growth might be responsible for insignificant difference during 330-390
DAP in both the years.

Crop growth rate recorded during 150-210 DAP revealed that planting of
bud chip seedling at 120 cm x 60 cm (Ms) recorded the highest values (12.52 g m™ day™
in 1% year and 12.37 in 2" year ) which was significantly higher than the conventional
method (M) (10.54 g m2day™in 1% year and 10.42 g m2day™ in 2" year), but found to
be at par with planting of bud chip seedling at 90 cm x 60 cm (M,) (11.18 g m2day ™ in
1 year and 10.88 g m? day™ in 2" year). However, no significant difference was
observed between M; and M; during both the years.

Planting of bud chip seedling at 120 cm x 60 cm (Ms3) revealed
maximum CGR during 210-270 DAP (20.66 and 19.64 g m™ day™) that was found to be
significantly higher than planting of bud chip seedling at 90 cm x 60 cm (My) (17.42
and 16.82 g m? day ™) and conventional method of planting (M;) (16.58 and 15.76 g
m2day™) during first and second year, respectively. However, M; and M, were at par in

effect during both the years.



Table 4.8. Effect of crop establishment techniques and integrated nutrient management on crop growth rate in sugarcane

Crop growth rate (g m?day™)

2017-18 2018-19
Treatments
90-150 | 150-210 | 210-270 | 270-330 | 330-390 | 90-150 | 150-210 | 210-270 | 270-330 | 330-390

DAP DAP DAP DAP DAP DAP DAP DAP DAP DAP
Crop establishment technique (P)
M;:Conventional method 4.22 10.54 16.58 19.34 6.73 4.06 10.42 15.76 18.87 6.39
M,: Bud chip seedling at 90 cm x 60 cm 4.38 11.18 17.42 20.48 6.86 4.43 10.88 16.82 20.33 6.48
Ms:Bud chip seedling at 120 cm x 60 cm 4.61 12.52 20.66 23.18 7.38 4.35 12.37 19.64 22.87 7.08
SEmz 0.11 0.35 0.75 0.73 0.22 0.12 0.38 0.67 0.65 0.24
CD (P=0.05) NS 1.38 2.94 2.86 NS NS 1.49 2.62 2.58 NS
Integrated nutrient management (F)
F;: 100% RDF 4.20 9.72 15.58 18.36 6.74 411 9.62 14.88 17.54 6.40
F,: 100% RDF +VC @ 1tha*+GM +BF @ | 4.60 12.16 19.33 22.10 7.13 4.42 11.92 18.63 21.88 6.82
10 kg ha*
Fs: 100% RDF + EC @ 1tha™ + GM 4.48 11.88 19.11 21.77 7.04 4.33 11.70 18.34 21.68 6.75
F.. 75% RDF+ FYM @ 5tha*+VC @ 1t 4.42 11.64 18.74 21.43 7.03 4.26 11.53 17.86 21.37 6.65
ha® + GM + BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha’ +EC@ 1t 4.34 11.50 18.33 21.36 6.98 4.25 11.37 17.33 21.14 6.63
ha™+ GM
SEm+ 0.09 0.13 0.33 0.36 0.09 0.08 0.13 0.36 0.27 0.10
CD (P=0.05) NS 0.39 0.98 1.05 NS NS 0.38 1.02 0.79 NS
Interaction (M x F)
SEmz 0.16 0.23 0.58 0.62 0.16 0.14 0.22 0.61 0.50 0.17
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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Similarly, CGR recorded during 270-330 DAP revealed maximum

values under the planting of bud chip seedling at 120 cm x 60 cm (M3) (23.18 and 22.87
g m?day ™) that was found to be at par with planting of bud chip seedling at 90 cm x 60
cm (M,) (20.48 and 20.33 g m™ day™), but significantly superior to conventional
method of planting (M;) (19.34 and 18.87 gm™ day™) during 2017-18 and 2018-19,

respectively.

The wider row spacing between the seedlings enabled the plants to
harness more solar energy resulting in more crop growth under the planting of bud chip
seedling at 120 cm x 60 cm. Besides this, the better root development in bud chip
seedlings might have helped in absorption of more amount of nutrients to the plant
resulting in better crop growth. While, the unavailability of certain nutrients to plants
and mutual shading of many of the middle and lower leaves decreased the interception
of light resulting in low photosynthetic efficiency. Hence, narrow planting under both
the crop establishment techniques decreased the crop growth rate during both the years.
While, the insignificant difference between the planting of bud chip seedling at 120 cm
X 60 cm (M3) and 90 cm x 60 cm (M) in later stage of crop growth might be due to
decrease in number physiologically active leaves which reduced the CGR under both
these techniques. Islam et al. (2008) stated that the wider row spacing helped in more
interception of light even by the bottom leaves of sugarcane resulting in more CGR.
Ghaffar et al. (2012) also reported higher crop growth rate of 12.68 gm™ day™ in 120
cm spaced trenches as compared to 90 cm. Similar findings were also reported by
Rehman et al. (2013).

Effect of integrated nutrient management

Crop growth rate (CGR) calculated at different crop growth stages at 60
days interval i.e. 150-210, 210-270 and 270-330 DAP were significantly influenced by
different integrated nutrient management practices except during 90-150 and 330-390
DAP during both the years.

Data furnished in Table 4.8 revealed that the crop growth rate (CGR)
progressively increased with the increase in crop growth and reached the maximum
during 270-330 DAP and again decreased during 330-390 DAP. Uddin et al. (1995)
also reported that CGR continued to increase up to 330 DAP and declined afterwards.
The integration of different organic sources of nutrients along with 100% RDF and
75% RDF fertilizers significantly increased the CGR than the sole application of 100%
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RDF through inorganic source at 150-210, 210-270, 270-330 DAP during both the

years.

Crop growth rate recorded during 150-210 DAP revealed that integrated
supply of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 Kg ha™ (F») registered significantly more values (12.16 and 11.92
gm? day?) in comparison to the application 75% RDF + FYM @ 5 t ha™ +
vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(11.64 and 11.53 gm?day™) and 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t
ha + green manuring of cowpea (Fs) (11.50 and 11.37 gm™ day™) but found to be at par
with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (F3) (11.88
and 11.70 gm? day™) in 1% and 2" year, respectively. However, the effect of Fs, F, and
Fs were found to be at par with each other during both the years. All these treatments
receiving integrated nutrient management practices were found to be significantly
higher over the application of 100% RDF (9.72 and 9.62 gm™day™) in 1% and 2" year,

respectively.

In case of crop growth rate recorded during 210-270 DAP, significantly
higher values of 19.33 gm™ day™ during 2017-18 and 18.63 gm™ day™ during 2018-19
were obtained due to the integrated supply of 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) which was found at par
with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (19.11
and 18.34 gm™ day™) and 75% RDF + FYM @ 5 t ha’ + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (18.74 and 17.86 gm™
day™), but superior to the application of 75% RDF + FYM @ 5 t ha™ + enriched
compost @ 1t ha™ + green manuring of cowpea (Fs) (18.33 and 17.33 gm™ day™) in 1%
and 2" year, respectively. Whereas, the lowest values were obtained under 100% RDF
(F1) (15. 58 and 14.88 gm™day™) during both the years.

The combined application of 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) also recorded the
maximum CGR during 270-330 DAP (22.10 and 21.88 gm™ day™) followed by 100%
RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (21.77 and 21.68
gm?day’), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring
of cowpea + biofertilizers @ 10 kg ha™ (F4) (21.43 and 21.37 gm™ day™) and 75% RDF
+ FYM @ 5t ha™ + enriched compost@ 1 t ha + green manuring of cowpea (Fs)
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(21.36 and 21.14 gm?day™) in 1% and 2" year, respectively. All the above treatments
were found to be at par with each other, but significantly higher than the CGR recorded
at 100% RDF (F1) (18.36 gm? day™ during 1% year and 17.54 gm day™ during 2"
year).

The more availability of nutrients from different sources resulted in
better crop growth under integrated supply of nutrients than the inorganic fertilizer
alone. Besides this, the significant increase in CGR under the treatment F, might be due
to the cumulative effect of different nutrient sources like vermicompost, green
manuring, biofertilizers along with optimal dose of inorganic fertilizers that created
favourable soil environment for more crop growth. In earlier finding, Keshavaiah
(2012), also reported significantly higher CGR of 28.61 gm? day™ during 270 DAP to
harvest due to integration of 50% N through pressmud + 50% NPK through fertilizer +
biofertilizers than the 100% RDF through inorganic fertilizers .

Interaction effect

During both the years of investigation, the CGR recorded at different
crop growth stages were remained unaffected due to interaction effect between crop

establishment techniques and integrated nutrient management.
4.1.9 Relative growth rate (mg g day™)

Relative growth rate (RGR) recorded at different crop growth stages at
an interval of 60 days i.e. 90-150, 150-210, 210-270 and 270-330 DAP are presented in

Table 4.9 and corresponding analyses of variance are appended in Appendix IX.

Data showed consistently decreasing trend in RGR with the advancement
of crop growth and the highest being found at the initial stage of crop growth in both the
years of investigation (Fig. 4.3a, 4.3b, 4.4a and 4.4b). Uddin et al. (1995) also reported

decreasing trend in case of RGR.
Effect of crop establishment techniques

Relative growth rate (RGR) was not significantly influenced by different
crop established techniques in both the years. Yet, the planting of bud chip seedling at
120 cm x 60 cm (M3) recorded comparatively higher RGR than planting of bud chip
seedling at 90 cm x 60 cm (M) and conventional planting (M;) during all the crop
growth stages in both the years. During 90-150 DAP, the maximum value of 10.14 mg
g™ day™t in 2017-18 and 9.42 mg g™ day™ in 2018-19 was obtained under the planting of



Table 4.9. Effect of crop establishment technique and integrated nutrient management on relative growth rate in sugarcane

Relative growth rate (mg g™ day™)
2017-18 2018-19
Treatments - -
Days after planting (DAP) Days after planting (DAP)
90-150 | 150-210 | 210-270 | 270-330 | 90-150 | 150-210 | 210-270 | 270-330
Crop establishment technique (P)
M;:Conventional method 9.68 6.21 5.11 4.63 9.18 5.74 4.96 4.42
M,: Bud chip seedling at 90 cm x 60 cm 9.95 6.48 5.32 4.79 9.38 6.08 5.14 4.53
M3:Bud chip seedling at 120 cm x 60 cm 10.14 6.72 5.57 5.05 9.42 6.34 5.35 4.84
SEmz+ 0.13 0.16 0.10 0.20 0.14 0.22 0.27 0.23
CD (P=0.05) NS NS NS NS NS NS NS NS
Integrated nutrient management
Fi: 100% RDF 9.72 6.11 4.95 4.56 9.21 5.68 4,72 4.32
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 10.04 6.71 5.52 4.95 9.46 6.30 5.34 474
Fs: 100% RDF + EC @ 1 tha™+ GM 9.91 6.65 5.45 4.92 9.37 6.15 5.28 4.68
F,;: 75% RDF + FYM @ 5tha* +VC @ 1tha’ + GM + BF @ 9.88 6.47 5.41 4.86 9.32 6.09 5.23 4.65
10 kg ha*
Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha'+ GM 9.85 6.41 5.36 4.81 9.26 6.05 5.18 4.58
SEmz 0.05 0.09 0.08 0.07 0.05 0.08 0.09 0.08
CD (P=0.05) 0.16 0.25 0.24 0.22 0.15 0.23 0.26 0.24
Interaction (M x F)
SEmz+ 0.09 0.15 0.15 0.13 0.09 0.14 0.16 0.14
CD (P=0.05) NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEm+: Standard error of mean; CD: Critical difference




FIG. 4.3a. RGR AS AFFECTED BY DIFFERENT CROP ESTABLISHMENT
TECHNIQUES DURING 2017-18

FIG. 4.3b. RGR AS AFFECTED BY DIFFERENT CROP ESTABLISHMENT
TECHNIQUES DURING 2018-19
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bud chip seedling at 120 cm x 60 cm (Ms) which greatly reduced up to 5.05 mg g™
day™ in 2017-18 and 4.84 mg g™ day™ in 2018-19 during 270-330 DAP. Similar trend

was also observed in case of both My and M, during both the years.
Effect of integrated nutrient management

Application of different integrated nutrient management practices
significantly affected the relative growth rate (RGR) recorded at different crop growth
stages i.e. 90-150, 150-210, 210-270 and 270-330 DAP during both the years.

The application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) registered the maximum RGR
during 90-150 DAP (10.04 and 9.46 mg g™ day™) which was found to be at par with
100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (F3) (9.91 and
9.37 mg g™ day™) and 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (9.88 and 9.32 mg g™ day™), but
found to be significantly higher as compared to 100% RDF (F;) (9.72 and 9.21 mg g™
day™) and 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring
of cowpea (Fs) (9.85 and 9.26 mg g™ day™) during 2017-18 and 2018-19, respectively.
Besides this, F3 was found to be at par with F4 and Fs but superior to F; during both the
years. However, no significant difference was observed among F4, Fs and F; during both
the years of investigation. The variation in RGR among the treatments might be due to
variation in dry matter production. The addition of optimum dose of inorganic fertilizers
along with organic sources like FYM, green manuring, vermicompost as well as
biofertilizers might have created better soil environment for release of more nutrients

from the soil that resulted in more dry matter production.

Relative growth rate (RGR) recorded during 150-210 DAP also revealed
significantly higher values under 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) (6.71 and 6.30 mg g™ day™)
which was at par with the application of 100% RDF + enriched compost @ 1t ha™ +
green manuring of cowpea (F3) (6.65 and 6.15 mg g day™) and 75% RDF + FYM @ 5
t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
hat (Fs) (6.47 and 6.09 mg g* day™) during 2017-18 and 2018-19, respectively.
However, F3, F4 and Fs were found at par with each other during both the years. At this
stage, all the treatments comprised of integrated nutrient management recorded
significantly higher values than 100% RDF (F,).
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Relative growth rate (RGR) recorded during 210-270 DAP and 270-330
DAP revealed that all the integrated nutrient management practices found to be at par
with each other except 100% RDF, but comparatively higher values were obtained
under the integrated supply of 100% RDF + vermicompost @ 1 t ha™* + green manuring
of cowpea + biofertilizers @ 10 kg ha™ (F,) (5.52 and 4.95 mg g™ day™, respectively,
during 2017-18; 5.34 and 4.74 mg g day™, , respectively, during 2018-19) followed by
100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (5.45 and
4.92, respectively, during 2017-18; 5.28 and 4.68 mg g™ day™, respectively, during
2018-19), 75% RDF + FYM @ 5 tha™ + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (Fs) (5.41 and 4.86 mg g™ day™, respectively,
during 2017-18; 5.23 and 4.65 mg g™ day™, respectively, during 2018-19) and 75%
RDF + FYM @ 5 t ha™* + enriched compost @ 1 t ha™* + green manuring of cowpea (Fs)
(5.36 and 4.81, respectively, during 2017-18; 5.18 and 4.58 mg g™ day™, respectively,
during 2018-19). The significant improvement under integrated supply of nutrients over
the sole inorganic fertilizers at later stage of crop growth might be due to optimum and
timely supply of nutrients as per the need of crop, which ultimately increased both
growth parameters as well as dry matter production of crop. This finding is
corroborating with findings of Ajay et al. (2005) and Singh and Agrawal (2001).

Interaction effect

The interaction effect between the crop establishment techniques and
integrated nutrient management did not show any significant variation in RGR during
both the years of investigations.

4.1.10 N - related parameters

The N related parameters such as total chlorophyll content (mg g™),
green seeker NDVI (Normalized Difference Vegetation Index) value and crop canopy
temperature as affected by crop establishment techniques and integrated nutrient
management are presented in Table 4.10 and corresponding analyses of variance are

appended in Appendix X.

The quantifications of chlorophyll is considered as an important
parameter to have an idea about the quantum of pigments involved in light absorption
and energy transfer during the photochemical process of photosynthesis. The high
magnitude of chlorophyll content in plant leaves depicts the high N level in leaves
(Basai et al., 2018). Similarly, the green seeker NDVI value depicts the plant health or



Table 4.10. Effect of crop establishment techniques and integrated nutrient management on chlorophyll content, green seeker NDVI and crop

canopy temperature in sugarcane

Total Chlorophyll content (mg g™) Green seeker NDVI Crop canopy
temperature (°C)
Treatments 240 DAP 330 DAP 330 DAP 330 DAP
2017-18 | 2018-19 | 2017-18 | 2018-19 2017-18 | 2018-19 | 2017-18 | 2018-19

Crop establishment technique (M)
M;:Conventional method 1.75 1.70 1.53 151 0.367 0.358 36.81 37.04
M,: Bud chip seedling at 90 cm x 60 cm 1.78 1.75 1.54 1.52 0.381 0.376 36.29 36.55
M3:Bud chip seedling at 120 cm x 60 cm 1.84 1.82 1.57 1.54 0.388 0.386 35.84 35.85
SEmz 0.06 0.06 0.04 0.05 0.013 0.006 0.73 0.69
CD (P=0.05) NS NS NS NS NS NS NS NS
Integrated nutrient management practices (F)
F;: 100% RDF 1.63 1.61 1.44 1.40 0.352 0.345 37.66 38.02
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 1.85 1.83 1.60 1.59 0.391 0.388 35.71 35.58
Fs: 100% RDF + EC @ 1 tha™ + GM 1.84 1.82 1.58 1.58 0.386 0.383 35.87 35.88
Fs 752/0 RDF+FYM @5tha'+VC @ 1tha + GM + BF @ 10 1.82 1.78 1.56 1.53 0.381 0.379 36.14 36.32
kg ha
Fs: 75% RDF + FYM @ 5tha’ + EC @ 1 tha™+ GM 1.81 1.77 1.56 1.53 0.380 0.373 36.18 36.60
SEmz 0.03 0.02 0.03 0.03 0.006 0.007 0.32 0.36
CD (P=0.05) 0.08 0.07 0.08 0.08 0.016 0.020 0.92 1.04
Interaction (M x F)
SEm+ 0.05 0.04 0.05 0.05 0.009 0.012 0.55 0.61
CD (P=0.05) NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant




105
status of vegetation depending upon the value ranging from 0.00 to 0.99. Generally,
healthier plants produce higher NDV1 values (Tadesse et al., 2015) and it also positively
related to leaf chlorophyll content. The leaf nutrient content also determines the crop

canopy temperature.
4.1.10.1 Total chlorophyll content (mg g™)
Effect of crop establishment techniques

Estimation of total chlorophyll content at 240 and 330 DAP remained
unaffected due to different crop establishment techniques during both the years.
However, irrespective of crop establishment techniques, the chlorophyll content
recorded at 240 DAP was comparatively higher as compared to 330 DAP during both

the years.

In both the stages of crop growth i.e. at 240 and 330 DAP; comparatively
more chlorophyll content (1.84 and 1.57 mg g™, respectively, during 2017-18; 1.82 and
1.54 mg g, respectively, during 2018-19) was obtained under the planting of bud chip
seedling at 120 cm x 60 cm (M3) as compared to planting of bud chip seedling at 90 cm
X 60 cm (M) (1.78 and 1.54 mg g™, respectively, during 2017-18; 1.75 and 1.52 mg g™,
respectively, during 2018-19) and conventional method of planting (M;) (1.75 and 1.53
mg g, respectively, during 2017-18; 1.70 and 1.51 mg g™, respectively, during 2018-
19). Chiluwal et al. (2018) also reported that the leaf chlorophyll content was not

significantly influenced by planting of sugarcane under different row plant spacing.
Effect of integrated nutrient management

Data pertaining to total chlorophyll content recorded at 240 and 330
DAP showed significant variation due to different integrated nutrient management
practices in both the years. At both stages of crop growth, all the treatments receiving
integrated nutrient management were at par with each other except 100% RDF during
both the years. However, comparatively higher values were obtained due to the
combined application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) (1.85 and 1.60 mg g™, respectively, during
2017-18; 1.83 and 1.59 mg g, respectively, during 2018-19) followed by the
application of 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) (1.84 and 1.58 mg g*, respectively, during 2017-18; 1.82 and 1.58 mg g™,
respectively, during 2018-19), 75% RDF+ FYM @ 5t ha® + vermicompost @ 1 t ha™
+ green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) (1.82 and 1.56 mg g™,
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respectively, during 2017-18; 1.78 and 1.53 mg g™, respectively, during 2018-19) and
75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™* + green manuring of cowpea
(Fs) (1.81 and 1.56 mg g™, respectively, during 2017-18; 1.77 and 1.53 mg g™,
respectively, during 2018-19). While, the application of 100% RDF (F;) registered the
lowest values (1.63 and 1.44 mg g™, respectively, during 2017-18; 1.61 and 1.40 mg g%,
respectively, during 2018-19) in both the stages of crop growth.

The above results clearly expressed that all the treatments recorded more
amount of total chlorophyll content at 240 DAP as compared to 330 DAP. This
indicated the presence of more nutrient content in leaf tissue during early growth stage
as compared to later crop growth stages. The leaf nutrient content especially the
nitrogen might have helped in synthesis of more chlorophyll under the integrated
nutrient management than the 100% RDF through inorganic fertilizers. Similarly,
Banerjee et al. (2018) also noted significant increase in total chlorophyll content due to
integration of FYM, biofertilizers in combination with inorganic fertilizers over sole
inorganic fertilizers. These results corroborate the earlier results reported by Nazirkar
and Kamthe (2012) and Bokhtiar et al. (2015).

Interaction effect

The total chlorophyll content remained unaffected due to interaction
effect between crop establishment techniques and integrated nutrient management

during both the years.
4.1.10.2 Green seeker NDVI (Normalized difference vegetation index)
Effect of crop establishment techniques

The green seeker NDVI value recorded at 330 DAP did not significantly
differ due to different crop establishment techniques during both the years of
investigation. Though non-significant, planting of bud chip seedling at 120 cm x 60 cm
(M3) produced comparatively higher green seeker NDVI values (0.388 and 0.386) as
compared to planting of bud chip seedling at 90 cm x 60 cm (M) (0.381 and 0.376) and
conventional method of planting (M;) (0.367 and 0.358) during 2017-18 and 2018-19,

respectively.
Effect of integrated nutrient management

The integrated nutrient management practices significantly influenced

the green seeker NDVI recorded at 330 DAP during both the years of investigation. The
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treatments comprising of both organic and inorganic sources of nutrients produced
significantly higher values than the 100% RDF through inorganic fertilizers, but at par
with each other during both the years. However, the application of 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
produced the maximum values (0.391 and 0.388) followed by the application of 100%
RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (0.386 and
0.383), 75% RDF+ FYM @ 5 t ha™! + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (Fs) (0.381 and 0.379) and 75% RDF + FYM @ 5t
ha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (0.380 and 0.373)
in 1% and 2™ year, respectively. The lowest value was obtained under 100% RDF (F1)
(0.352 in 2017-18 and 0.345 in 2018-19).

The higher values obtained under the integrated supply of both organic
and inorganic sources denoted the development of healthier plant as compared to plants
grown under sole inorganic fertilizers. The presence of high amount of chlorophyll and
leaf nitrogen content might have increased the green seeker NDVI value under
integrated nutrient management practices as compared to application of inorganic
fertilizers alone. Tadesse et al. (2015) also reported higher NDVI values with more
availability of nitrogen under the higher rates of nitrogenous fertilizer.

Interaction effect

The green seeker NDVI remained unaffected due to interaction effect
between crop establishment techniques and integrated nutrient management during both
the years.

4.1.10.3 Crop canopy temperature (°C)
Effect of crop establishment technique

The different crop establishment techniques did not show any significant
variation in crop canopy temperature recorded at 330 DAP during both the years. The
crop canopy temperature ranged from 35.84 °C to 36.81°C during 2017-18 and 35.85°C
to 37.04°C during 2018-19 under different crop establishment techniques. However,
comparatively lesser crop canopy temperature were recorded under the planting of bud
chip seedling at 120 cm x 60 cm (Ms) and 90 cm x 60 cm (M,) (35.84 and 36.29°C,
respectively, during 2017-18; 35.85 and 36.55°C, respectively, during 2017-18) as
compared to conventional method (M) (36.81 and 37.04°C) during 1% and 2" vear,
respectively. The availability of more nutrients to the crop helped in reduction of crop
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canopy temperature. From the above discussion, it was cleared that plants grown
through bud chip seedlings were healthier than the plants raised under conventional

method.
Integrated nutrient management

The integrated nutrient management significantly influenced the crop
canopy temperature recorded at 330 DAP during both the years. All the treatment
receiving integrated nutrient management practices significantly lowered the crop
canopy temperature as compared to sole inorganic fertilizers, but all of them were at par
with each others during both the years. The highest crop canopy temperature of 37.66°C
during 2017-18 and 38.02°C during 2018-19 were obtained under 100% RDF (F1),
while the minimum values were registered due to application of 100% RDF +
vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F»)
(35.71and 35.58°C) followed by 100% RDF + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (35.87 and 35.88 °C), 75% RDF+ FYM @ 5 t ha’ +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(36.14 and 36.32°C) and 75% RDF + FYM @ 5t ha™ + enriched compost @ 1 t ha™ +
green manuring of cowpea (Fs) (36.18 and 36.60°C) in 1 and 2™ year, respectively.

The significant rise in crop canopy temperature under 100% RDF might
be due to inadequate or insufficient supply of nutrients to the crop at that particular
stage of crop growth. While, prolong and adequate supply of nutrients under the
integrated nutrient management as per need of the crop might have helped in significant
reduction in crop canopy temperature. Although, no significant difference was observed
among the treatments comprising of organic sources of nutrients along with 100 and
75% RDF, but the effect was found to be more pronounced under integration with 100%
RDF as compared to 75% RDF.

Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management could not bring any significant effect on crop canopy temperature

(°C) during both the years.
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4.1.11 Root length (cm) and root dry weight plant™ (g)

Data pertaining to root length and root dry weight plant™ as influenced
by crop establishment techniques and integrated nutrient management are presented in

Table 4.11 and corresponding analyses of variance are appended in Appendix XI.
4.1.11.1 Root length (cm)
Effect of crop establishment techniques

The root length recorded at 120, 150 and 180 DAP was significantly
influenced by different crop establishment techniques during both the years. The root
length progressively increased and reached the maximum value at 180 DAP during both
the years. At 120 DAP, significantly higher root length of 17.48 cm during 2017-18
and 14.83 cm during 2018-19 was obtained under planting of bud chip seedling at 120
cm x 60 cm (M3) which was at par with the planting of bud chip seedling at 90 cm x 60
cm (M2) (16.08 cm during 2017-18 and 13.44 cm during 2018-19) and both of them
were superior to the conventional method (M) (9.51 cm during 2017-18 and 8.83 cm
during 2018-19).

At 150 and 180 DAP also, the planting of bud chip seedling at 120 cm X
60 cm (M3) recorded significantly higher root length (20.56 and 24.38 cm, respectively,
during 2017-18; 19.64 and 24.08 cm, respectively, during 2018-19) which was
significantly higher as compared to the planting of bud chip seedling at 90 cm x 60 cm
(M;) (17.02 and 20.44 cm, respectively, during 2017-18; 16.58 and 19.82 cm,
respectively, during 2018-19) and conventional method (M;) (13.18 and 17.68 cm,
respectively, during 2017-18; 12.62 and 15.64 cm, respectively, during 2018-19).
However, both M, and M3 were superior to the conventional method (M) during both

the years.

The bud chip seedling raised through utmost care in nursery helped in
development of proper root growth as well as optimum availability of resources to the
individual plant due to adequate spacing maintained among the seedlings in the main
field might have helped in more proliferation of root as compared to conventional
method. While, in later stage, the competition amongst the seedlings due to
accommodation of more plants per unit area under the closer planting of bud chip
seedling reduced the root growth. On the other hand, wider planting of bud chip

seedling allowed more space for better proliferation of root.



Table 4.11. Effect of crop establishment techniques and integrated nutrient management on root length and root dry weight of sugarcane

Treatments Root length (cm) Root dry weight (g plant™)
2017-18 2018-19 2017-18 2018-19

120 150 180 120 150 180 120 150 180 120 150 180

DAP DAP DAP DAP DAP DAP DAP DAP DAP DAP DAP DAP
Crop establishment techniques (M)
M;:Conventional method 9.51 13.18 | 17.68 8.83 12.62 15.64 8.92 12.53 | 16.00 8.22 9.46 14.53
M,: Bud chip seedlingat 90 cm x 60 cm | 16.08 | 17.02 | 20.44 | 13.44 16.58 19.82 | 17.88 | 20.56 | 27.18 | 16.15 18.99 25.16
Mj3:Bud chip seedling at 1220cmx 60 cm| 17.48 | 20.56 | 24.38 | 14.83 19.64 24.08 | 19.83 | 2358 | 33.80 | 19.68 22.21 31.74
SEm+ 0.39 0.53 0.48 0.38 0.43 0.61 0.55 1.07 0.91 0.71 1.03 0.92
CD (P=0.05) 1.52 2.10 1.18 1.49 1.68 2.39 2.14 4.17 3.58 2.78 4.07 3.64
Integrated nutrient management (F)
F;: 100% RDF 1258 | 14.12 | 17.18 | 10.42 14.84 16.32 | 13.33 | 15.46 | 21.97 12.48 13.57 21.22
F,: 100% RDF +VC @ 1tha™+GM + | 15.17 | 18.07 | 22.43 | 13.04 16.87 2140 | 16.60 | 20.27 | 27.22 15.62 18.28 25.11
BF @ 10 kg ha™
Fs: 100% RDF + EC @ 1tha™ + GM 15.02 | 18.04 | 22.16 | 12.84 16.62 21.14 | 16.35 | 20.20 | 27.08 | 15.44 18.06 25.04
F,: 75% RDF + FYM @ 5tha™ + VC 1468 | 17.26 | 21.88 | 12.73 16.56 20.22 | 15.84 | 1941 | 26.07 15.04 17.34 23.88
@ 1tha’+ GM + BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha™ + EC @| 14.46 17.11 20.54 12.64 16.50 19.11 15.61 19.08 25.98 14.83 17.18 23.83
1tha™+ GM
SEm+ 0.29 0.36 0.43 0.26 0.19 0.46 0.30 0.39 0.43 0.22 0.34 0.46
CD (P=0.05) 0.84 1.05 1.25 0.77 0.54 1.34 0.88 1.12 1.26 0.64 1.00 1.32
Interaction (M x F)
SEm+ 0.50 0.62 0.74 0.45 0.32 0.79 0.52 0.94 0.75 0.38 0.59 0.78
CD(0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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Effect of integrated nutrient management

The different integrated nutrient management practices significantly
influenced the root length recorded at 120, 150 and 180 DAP during both the years. At
120 and 150 DAP, all the treatments comprising of both organic and inorganic sources
of nutrient significantly increased the root length as compared to 100% RDF, but all of
them were at par with each other during both the years. However, integrated supply of
100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™* (F,) produced comparatively higher values (15.17 and 18.07 cm, respectively,
during 2017-18; 13.04 and 16.87 cm, respectively, during 2018-19) followed by the
application of 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) (15.02 and 18.04 cm, respectively, during 2017-18; 12.84 and 16.62 cm,
respectively, during 2018-19), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™
+ green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs) (14.68 and 17.26 cm,
respectively during 2017-18; 12.73 and 16.56 cm, respectively 2018-19) and 75% RDF
+ FYM @ 5 t ha’ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(14.46 and 17.11 cm, respectively during 2017-18; 12.64 and 16.50 cm, during
2018-19).

At 180 DAP, the treatment receiving the integrated supply of 100%
RDF + vermicompost @ 1 t ha + green manuring of cowpea + biofertilizers @ 10 kg
ha' (F,) also recorded significantly higher root length (22.43 and 21.40 cm) as
compared to 100% RDF (F;) (17.18 and 16.32 cm) and 75% RDF + FYM @ 5 tha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (20.54 and 19.11 cm) but
at par with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(22.16 and 21.14 cm) and 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™* +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs) (21.88 and 20.22 cm)

during 1% and 2" year, respectively.
Interaction effect

During both the years, the root length recorded at different crop growth
stages remained unaffected due to interaction effect between crop establishment

techniques and integrated nutrient management.
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4.1.11.2 Root dry weight (g plant™)

Effect of crop establishment techniques

The different crop establishment techniques showed significant variation
in root dry weight recorded at 120, 150 and 180 DAP during both the years.

The data pertaining to root dry weight recorded at 120 and 150 DAP
revealed significantly more root dry weight (19.83 and 23.58 g, respectively, during
207-18 ; 19.68 and 22.21 g, respectively, during 2018-19) under the planting of bud
chip seedling at 120 cm x 60 cm (Ms3) which were at par with planting of bud chip
seedling at 90 cm x 60 cm (M) (17.88 and 20.56 g, respectively, during 2017-18; 16.15
and 18.99 g, respectively, during 2018-19) but significantly greater than conventional
method (M;) (8.92 and 12.53 g, respectively, during 2017-18; 8.22 and 9.46 g,
respectively, during 2018-19). The significant increase in root dry weight under bud
chip seedling technique over conventional method might be due to more root
penetration in early stage of crop growth as well as proper root establishment in nursery
that might have helped in absorption of more amount of water and nutrients for
development of more root biomass. While, in case of conventional method, planting of
setts directly in main field restricted the proliferation of roots due to competition for

nutrients and resources.

At 180 DAP, planting of bud chip seedling at 120 cm x 60 cm (M3) also
recorded significantly higher root dry weight (33.80 and 31.74 g) than the planting of
bud chip seedling at 90 cm x 60 cm (M,) (27.18 and 25.16 g) as well as conventional
method (M) (16.00 and 14.53 g) during 1st and 2" year, respectively. However, M.
also produced significantly more root dry weight than M; in all recorded period during
both the years.

The proper allocation of all resources under wider spacing probably
helped in more proliferation of roots, while, the narrow planting might have allowed the
proliferation of roots up to a particular growing period, thereafter, competition for

resources and space reduced the root growth.
Effect of integrated nutrient management

Significant differences in root dry weight was recorded due to different
integrated nutrient management practices in both the years. Data recorded at 120, 150

and 180 DAP revealed that all the treatments comprised of integrated nutrient
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management practices registered significantly more root dry weight as compared to
100% RDF (F,) in both the years.

At 120 and 150 DAP, application of 100% RDF + vermicompost @ 1 t
ha™ + green manuring of cowpea+ biofertilizers @ 10 kg ha™ (F») recorded significantly
higher root dry weight (16.60 and 20.27 g, respectively, during 2017-18; 15.62 and
18.28 g, respectively, during 2018-19) which was at par with the integrated supply of
100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (16.35 and
20.20 g, respectively, during 2017-18;15.44 and 18.06 g, respectively, during 2018-19)
and 75% RDF + FYM @ 5 t ha’ + vermicompost @ 1 t ha® + green manuring of
cowpea+ biofertilizers @ 10 kg ha™ (F,) (15.84 and 19.41g, respectively, during 2017-
18; 15.04 and 17.34 g, respectively, during 2018-19), but superior to the application of
75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (15.61 and 19.08 g, respectively, during 2017-18; 14.83 and 17.18 g,
respectively, during 2018-19). During both the stages of crop growth, the lowest values
were obtained under 100% RDF (F1) (13.33 and 15.46 g, respectively, during 2017-18;
12.48 and 13.57 g, respectively, during 2018-19). However, F3 F4 and Fs were at par in
effect at 120 and 150 DAP during both the years.

At 180 DAP, no significant difference was observed among all the
treatments receiving integrated nutrient management except 100% RDF during both the
years. However, comparatively higher values of 27.22 g during 2017-18 and 25.11g
during 2018-19 were obtained due to the integrated supply of 100% RDF +
vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F»)
followed by treatments receiving 100% RDF + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs3), (27.08 and 25.04 g) and 75% RDF + FYM @ 5 t ha™ +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(26.07 and 23.88 g) and 75% RDF + FYM @ 5t ha™ + enriched compost @ 1t ha™ +
green manuring of cowpea (Fs) (25.98 and 23.83 g) during 1% and 2" year, respectively.
All the above treatments were found significantly higher than the application of 100%
RDF (F1) (21.97 g in 1% year and 21.22 g in 2" year).

In all the crop growing periods, the application of 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
registered the highest values against the lowest values obtained under 100% RDF (F;)
during both the years. The addition of vermicompost, biofertilizers and other organic

nutrient sources along with optimal dose of inorganic fertilizers might have created
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more congenial soil environment for development of roots. Moreover, the improvement
of soil environment due to addition of organic sources of nutrients, biofertilizers helped
in more proliferation of roots. On the other hand, the more competition for nutrients

under 100% RDF restricted the development of roots.
Interaction effect

The interaction effect between the crop establishment techniques and
integrated nutrient management was found non-significant in root dry weight during

both the years.
4.1.12 Dry weight of above ground biomass shoot™ (g) (stem, leaves and total)

The biomass production is an important parameter that ultimately
determined the yield of sugarcane. In the present investigation, the above ground
biomass productions by different plant parts mainly stem and leaves portion as well as
total biomass production shoot® on dry weight basis as influenced by crop
establishment techniques and integrated nutrient management are presented in
Table 4.12, Fig. 4.5a, 4.5.b, 4.6.a and 4.6.b corresponding analyses of variance are
appended in Appendix XII.

4.1.12.1 Dry weight of above ground biomass shoot™ (stem)
Effect of crop establishment techniques

The dry matter production by stem recorded at 210 and 270 DAP was
significantly influenced by different crop establishment techniques. In the both the
stages of crop growth i.e. at 210 and 270 DAP, planting of bud chip seedling at 120 cm
X 60 cm (Mj3) recorded significantly higher values (26.44 and 104.72 g, respectively,
during 2017-18; 24.67 and 102.72 g, respectively, during 2018-19) as compared to the
planting of bud chip seedling at 90 cm x 60 cm (M) (19.88 and 90.86 g, respectively,
during 2017-18; 20.26 and 88.16 g, respectively, during 2018-19) as well as
conventional method of planting (M;) (17.64 and 87.62 g, respectively, during 2017-18;
16.81 and 84.81 g, respectively, during 2018-19).

The wvariation in stem dry matter production under different crop
establishment techniques might be due to the variation in rate of photosynthesis and
translocation of photosynthates. Marchiori et al. (2010) stated that more interception
and distribution of light in the canopy of sugarcane caused an increase in photosynthesis
and vegetative growth through increased tillers, leaf area, and ultimately stem biomass

accumulation.



Table 4.12. Effect of crop establishment techniques and integrated nutrient management on dry weight of above ground biomass in sugarcane

Dry weight of above ground biomass shoot™ (g)

Treatments 2017-18 2018-19
210DAP 270DAP 210DAP 270DAP

Stem | Leaves | Total | Stem | Leaves | Total | Stem | Leaves ‘ Total | Stem | Leaves | Total
Crop establishment technique (M)
M;:Conventional method 17.64 51.33 68.97 87.62 74.08 161.70 | 16.81 45.86 62.67 84.81 72.54 157.35
M,: Bud chip seedlingat 90 cm x60cm | 19.88 | 5257 | 72.45 | 90.86 77.68 | 16854 | 20.26 | 46.71 | 66.97 | 88.16 76.40 164.56
Mj;:Bud chip seedling at 1220 cmx 60 cm| 26.44 | 55.32 | 81.76 | 104.72 | 80.24 | 184.96 | 24.67 | 50.17 | 74.84 | 102.72 78.64 181.36
SEmz 0.72 1.28 2.16 2.77 1.98 3.17 0.67 1.57 1.90 1.98 2.20 4.26
CD (P=0.05) 2.84 NS 8.50 10.88 NS 12.46 2.66 NS 7.48 7.75 NS 16.71
Integrated nutrient management (F)
F;: 100% RDF 17.66 | 50.36 | 68.02 | 81.07 72.03 | 153.10 | 18.23 | 4495 | 63.18 | 77.08 72.07 149.15
F,: 100% RDF + VC @ 1tha ™+ GM + | 23.44 | 55.08 | 78.52 | 100.18 | 80.53 | 180.71 | 22.40 | 49.26 | 71.66 | 98.22 78.35 176.57
BF @ 10 kg ha™
Fs: 100% RDF + EC @ 1 tha™ + GM 23.08 | 5452 | 77.60 | 98.80 7898 | 177.78 | 21.82 | 4838 | 70.20 | 97.33 77.77 175.11
Fs: 75% RDF + FYM @ 5tha™ + VC 2154 | 5364 | 75.18 | 95.78 77.82 | 173.61 | 20.33 | 47.84 | 68.17 | 93.56 75.67 169.23
@ 1tha’ + GM + BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha* + EC@| 20.88 | 53.48 | 74.36 | 95.43 7750 | 17293 | 20.18 | 4758 | 67.76 | 93.28 75.43 168.71
1tha™+ GM
SEm+ 0.32 0.94 0.93 0.85 0.97 1.37 0.29 0.62 0.87 1.13 0.92 1.85
CD (P=0.05) 0.92 2.77 2.72 2.50 2.84 4.01 0.85 1.82 2.54 3.31 2.69 5.39
Interaction (M x F)
SEm+ 0.55 1.64 1.62 1.50 1.69 2.38 0.50 1.08 1.52 1.96 1.59 3.20
CD (0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz : Standard error of mean; CD: Critical difference, NS: Non significant
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Effect of integrated nutrient management

Different integrated nutrient management practices significantly
influenced the dry matter production by stems recorded at 210 and 270 DAP in both the
years. Results revealed that dry matters produced by stem at 210 DAP were
comparatively less as compared to leaves, but, with the progress of crop growth i.e. at
270 DAP; the dry biomass production by stem increased progressively than the leaves.

In both the stages crop growth, the integrated application of 100% RDF
+ vermicompost @1 t ha™ + green manuring of cowpea + biofertilizers @10 kg ha™ (F>)
recorded significantly higher dry matters production by stem (23.44 and 100.18 g,
respectively, during 2017-18; 22.40 and 98.22 g, respectively, during 2018-19) which
was at par with the integrated application 100% RDF + enriched compost @ 1 t ha™* +
green manuring of cowpea (F3) (23.08 and 98.80 g, respectively, during 2017-18; 21.82
and 97.33 g, respectively, during 2018-19), but superior to the treatment receiving 75%
RDF + FYM @ 5t ha™* + vermicompost @1 t ha™ + green manuring of cowpea +
biofertilizers @10 kg ha™ (F4) (21.54 and 95.78, respectively, during 2017-18; 20.33
and 93.56 g, respectively, during 2018-19) and 75% RDF + FYM @ 5 t ha™ + enriched
compost @ 1 t ha™ + green manuring of cowpea (Fs) (20.88 and 95.43 g, respectively,
during 2017-18; 20.18 and 93.28 g, respectively, during 2018-19). But, no significant
variation was observed between F4 and Fs during both the years. The more amount of
nutrients supplied through optimal dose of inorganic fertilizers along with different
organic sources facilitated the crop for more leaf area expansion as well as

accumulation of more assimilates into the stem.
4.1.12.2 Dry weight of above ground biomass shoot™ (leaves)
Effect of crop establishment techniques

No significant difference was observed in terms of dry matter production
by leaves recorded at 210 and 270 DAP due to different crop establishment techniques
during both the years.

However, in both the stages of crop growth i.e. 210 and 270 DAP,
planting of bud chip seedling at 120 cm x 60 cm spacing (M3) recorded comparatively
higher values (55.32 and 80.24 g, respectively, during 2017-18; 50.17 and 78.64 g,
respectively, during 2018-19) as compared to planting of bud chip seedling at 90 cm x
60 cm (M) (52.57 and 77.68 g, respectively, during 2017-18; 46.71 and 76.40 g,
respectively, during 2018-19 ) and conventional method of planting (M;) (51.33 and
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74.08 g, respectively, during 2017-18; 45.86 and 72.54 g, respectively, during 2018-19).
At 210 DAP, the dry matters produced by leaves was comparatively higher than the
stem and the reverse was found at 270 DAP under all the crop establishment techniques.
This might be due to diversion of more nutrients for development of economic part in
later stage of crop growth. Felipe et al. (2018) also reported that the dry matter
accumulation by leaves in early stage of crop growth was more as compared to dry

matter produced by stem, but reverse was found in later stage of crop growth.
Effect of integrated nutrient management

The dry weight of above ground biomass (leaves) recorded at 210 and
270 DAP were significantly differed due to different integrated nutrient management
practices during both the years. All treatments comprised of integrated nutrient
management practices registered significantly higher dry biomass production by leaves
as compared to 100% RDF at 210 and 270 DAP during both the years. At 210 DAP,
other than 100% RDF (F;), all the integrated nutrient management treatments were at
par with each other but with the progress in crop growth significant variations were
observed among them. However, significantly higher values of 55.08 g during 2017-18
and 49.26 g during 2018-19 was obtained with the application of 100% RDF +
vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ + green manuring of cowpea (F,)
against the lowest values produced by 100% RDF (F;) (50.36 and 44.95 g during 2017-
and 2018-19, respectively).

At 270 DAP, the application of 100% RDF + green manuring of cowpea
+ vermicompost @1 t ha™ + biofertilizers @10 kg ha™ (F,) also recorded significantly
higher values (80.53 g in 2017-18 and 78.35 g in 2018-19) as compared to 100% RDF
(F1) (72.03 g in 2017-18 and 72.07 g in 2018-19) and 75% RDF + FYM @ 5 t ha™ +
enriched compost @ 1 t ha™* + green manuring of cowpea (Fs) (77.50 g in 2017-18 and
75.43 g in 2018-19) but at par with 100% RDF + enriched compost @ 1 t ha™ + green
manuring of cowpea (F3) (78.98 g in 2017-18 and 77.77 g in 2018-19) and 75% RDF +
FYM @ 5t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F4) (77.82 g in 2017-18 and 75.67 g in 2018-19). However, Fs, F4 and Fs
were at par in effect during both the years of experimentation.

The adequate supply of nutrients under F, helped in maintaining more
number of physiologically active leaves as well as expansion of leaf area that resulted in
more dry matter production by leaves. Besides this, the production of more leaf area
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shoot™ as well numbers of leaves under the integrated nutrient management might have
resulted in variation in dry biomass produced by leaves shoot™. Kuri (2014) also
reported significant variations in dry matter production by both stem and leaves due to

different integrated nutrient management practices.
Interaction effect

During both the years of investigations, the dry weight of both stem and
leaves recorded at different crop growth stages were remained unaffected due to

interaction between crop establishment techniques and integrated nutrient management.
4.1.12.2 Total dry weight shoot™ (g)

The data on total dry weight production shoot™ in both the years of
investigation are presented in Table 4.12 and corresponding analyses of variance are

appended in Appendix XII.
Effect of crop establishment techniques

The total dry weight production shoot™ recorded at 210 and 270 DAP
were significantly influenced by different crop establishment techniques during both the
years. Irrespective of crop establishment techniques, the total dry weight production
shoot™ progressively increased with the advancement of crop growth and reached
maximum values at 270 DAP.

In both the stage of crop growth, planting of bud chip seedling at 120 cm
x 60 cm (M3) registered significantly higher values (81.76 and 184.96 g, respectively,
during 2017-18; 74.84 g and 181.36 g, respectively, during 2018-19) than the planting
of bud chip seedling at 90 cm x 60 cm (M,) (72.45 and 168.54 g, respectively, during
2017-18; 66.97 and 164.56 g, respectively, during 2018-19) as well as conventional
method of planting (M;) (68.97 and 161.70 g, respectively, during 2017-18; 62.67 and
157.35 g, respectively, during 2018-19). However, M; and M, did not differ from each
other during both the stages of crop growth.

The significant variation in total dry matter production shoot™ might be
due to variation in dry matter production by both stem and leaves. Cheema et al. (2002)
also reported more dry matter production under the wider planting as compared to

narrow spacing in sugarcane.
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Effect of integrated nutrient management

The different nutrient management practices significantly affected the
total dry weight production shoot™ recorded at 210 DAP and 270 DAP in both the

years.

All the integrated nutrient management treatments recorded significantly
higher total dry weight production shoot™ as compared to 100% RDF. During both the
stages of crop growth, application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F») registered the maximum values
(78.52 and 180.71 g, respectively, during 2017-18 ; 71.66 and 176.57 g, respectively,
during 2018-19) which was at par with the treatment comprised of 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (77.60 and 177.78 g,
respectively 2017-18; 70.20 and 175.11 g, respectively during 2018-19), but found
superior to the application 75% RDF+ FYM @ 5 t ha™ + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F;) (75.18 and 173.61 g,
respectively 2017-18 ; 68.37 and 169.23 g, respectively during 2018-19) and 75% RDF
+ FYM @ 5 t ha™ + enriched compost @1 t ha™ + green manuring of cowpea (Fs)
(74.36 and 172.93 g, respectively, 2017-18 ; 67.76 g and 168.71 g, respectively, during
2018-19). However, F, and F3 as well as F4 and Fs were at par in effect at 270 DAP
during both the years. Similar trend was also observed in case of total dry weight
production recorded at 210 DAP during 2017-18, but F3, F4 and Fs were at par in effect
during 2018-19. The significant variation in total dry biomass production shoot™ was
due to the variation in dry matter by both leaves and stem.

Results clearly expressed that integration of different sources of nutrients
along with 100% RDF i.e. F, and F3 recorded higher values as compared to integration
with 75% RDF i.e. F4 and Fs during both the stages of crop growth. This might be due
to more nutrients released under optimal dose of inorganic fertilizers along with organic
sources of nutrients during both the stages. Banerjee et al. (2018) also reported that the
integration of inorganic fertilizers along with FYM, biofertilizers produced significantly

more dry matter production than the inorganic fertilizers alone.
Interaction effect

No significant difference on total dry weight production shoot™ was
recorded due to due to interaction effect between crop establishment techniques and
integrated nutrient management during both the years.
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4.2 Yield attributes and yield

The data in respect of yield attributing characters such as length of
millable cane, diameter of millable cane, number of millable cane, average weight of
millable cane, length of internodes, number of internodes cane™ as well as yield of
sugarcane as affected by crop establishment techniques and integrated nutrient
management are presented in Table 4.13 and 4.14 and corresponding analyses of

variance is appended in Appendix Xl and XIV.
4.2.1 Length of millable cane (cm)

The data pertaining to length of millable cane recorded at harvest are
presented in Table 4.13 and corresponding analyses of variance are appended in
Appendix XIII.

Effect of crop establishment techniques

The length of millable cane recorded during harvesting was significantly
influenced by different crop establishment techniques in both years of experimentation.
The planting of bud chip seedling at 120 cm x 60 cm (M3) recorded significantly higher
length of millable cane (298.30 and 285.52 cm) as compared to the planting of bud chip
seedling at 90 cm x 60 cm (M) (272.11 and 261.70 cm) as well as conventional method
(M) (267.91 cm and 255.81 cm) during 2017-18 and 2018-19, respectively. But, the
effect of My and M, were at par with each other during both the years. The variation in
length of millable cane was due to significant variation in plant height under different
crop establishment techniques. Ghaffar et al. (2012) also reported more cane length
under 120 cm trench spacing (232.2 cm) as compared 90 cm spacing (202.2 cm). The
increase in cane length under bud chip technology as compared to conventional method

was also reported by Samant (2017).
Effect of integrated nutrient managements

In both the years, length of millable cane was significantly influenced by
different integrated nutrient management practices. All the integrated nutrient
management treatments significantly increased the length of millable cane as compared
to 100% RDF through inorganic fertilizers in both years of experimentation. The
application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F,) recorded significantly higher length of millable cane
(286.39 and 275.53 cm) which was at par with all the treatments comprising of
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integrated nutrient management viz., 100% RDF + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (283.94 and 273.26 cm), 75% RDF + FYM @ 5t ha™ +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(281.50 and 269.58 cm) and 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1t ha™*
+ green manuring of cowpea (Fs) (279.72 and 268.75 cm) during 2017-18 and 2018-19,
respectively. Whereas, significantly lower values of 264.51 cm during 2017-18 and
251.25 cm during 2018-19 were obtained under the treatment receiving 100% RDF (Fy).
Kumar et al. (2019) also reported that the integrated application of FYM @ 10 t ha™
and bio-fertilizers along with 100% RDF significantly increased the length of millable
cane as compared to 100% RDF. A considerable increase in cane length due to the
addition of FYM @ 10 t ha™ along with 100% RDF as compared to 100% RDF alone
was also reported by Kumar et al. (2017). Similar results were also reported by Baneerje
et al. (2018).

4.2.2 Diameter of millable cane (cm)

The data on diameter of millable cane recorded at harvest of sugarcane
are presented in Table 4.13 and corresponding analyses of variance are appended in
Appendix XIII.

Effect of crop establishment techniques

The different crop establishment techniques failed to exert any
significant variation in diameter of the millable cane in both the years. But, planting of
bud chip seedling at 120 cm x 60 cm (M3) slightly increased the diameter of the cane
(2.74 and 2.68 cm) as compared to planting of bud chip seedling at 90 cm x 60 cm (M)
(2.72 and 2.66 cm) as well as conventional method of planting (M;) (2.72 and 2.65 cm)
during both the years. The better utilization of all resources due to planting of bud chip

seedling at 120 cm x 60 cm (M3) resulted in more cane diameter.
Effect of integrated nutrient management

The diameter of millable cane was not significantly influenced by
integrated nutrient management in both the years. However, the integrated supply of
both organic and inorganic sources of nutrients slightly increased the diameter of
millable cane than 100% RDF in both the years. Among the INM treatments, 100%
RDF + vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
hal (F,) recorded comparatively higher values (2.75 and 2.68 cm) as compared all

other treatments in both the years.



Table 4.13. Effect of crop establishment techniques and integrated nutrient management on yield attributing characters of sugarcane

Treatments

Millable cane length
(cm)

Diameter of millable
cane (cm)

Number of millable cane
(°000/ha)

Average millable cane
weight (kg)

2017-18 | 2018-19

2017-18 | 2018-19

2017-18 | 2018-19

2017-18 | 2018-19

Crop establishment techniques (M)

M;:Conventional method 267.91 255.81 2.72 2.65 85.40 83.82 1.222 1.188
M,: Bud chip seedling at 90 cm x 60 cm 272.11 261.70 2.72 2.66 88.44 87.28 1.256 1.222
Mj;:Bud chip seedling at 120 cm x 60 cm 298.30 285.52 2.74 2.68 96.17 95.04 1.298 1.272
SEmz 4.45 5.25 0.05 0.04 1.86 1.70 0.013 0.014
CD (P=0.05) 17.46 20.59 NS NS 7.30 6.68 0.050 0.055
Integrated nutrient management (F)

F;: 100% RDF 264.51 251.25 2.68 2.63 85.62 83.38 1.216 1.194
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 286.39 275.53 2.75 2.68 92.04 91.04 1.280 1.246
10 kg ha™

Fs: 100% RDF + EC @ 1 tha™ + GM 283.94 273.26 2.75 2.67 91.66 90.77 1.270 1.232
F.s 75% RDF + FYM @ 5tha” +VC @ 1tha™ 281.50 269.58 2.74 2.67 90.87 89.58 1.267 1.222
+GM + BF @ 10 kg ha™

Fs: 75% RDF + FYM @ 5tha* + EC@ 1 tha 279.72 268.75 2.73 2.67 90.57 88.88 1.254 1.212
'+ GM

SEm+ 2.44 2.78 0.02 0.02 1.15 0.93 0.012 0.011
CD(0.05) 7.11 8.11 NS NS 3.37 2.71 0.038 0.032
Interaction (M x F)

SEm 4.22 4.81 0.03 0.03 2.01 1.61 0.022 0.021
CD (P=0.05) NS NS NS NS NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant

: Enriched compost; BF: Biofertilizers;
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Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on diameter of millable cane was also found non-

significant during both the years.
4.2.3 Number of millable cane (‘000 ha™)

Number of millable of cane is considered as one of the most important
yield attributing characters in sugarcane. Data regarding the number of millable cane are
presented in Table 4.13 and corresponding analyses of variance are appended in
Appendix XIII.

Effect of crop establishment techniques

The different crop establishment techniques significantly influenced the

number of millable cane (‘000 ha™) during both the years.

Data revealed that planting of bud chip seedling at 120 cm x 60 cm (Ms)
recorded significantly more number of millable canes (96.17 and 95.04 ‘000 ha™) as
compared to planting of bud chip seedling at 90 cm x 60 cm (M) (88.44 and 87.28 ‘000
ha!) and conventional method of planting (M) (85.40 and 83.82 ‘000 ha™) during
2017-18 and 2018-19, respectively. However, M; and M, were at par in effect during
both the years. The development of more number of shoots per unit area and their better
survivability might have resulted in more number of millable canes under wider
planting of bud chip seedling. On the other hand, the more competition for resources
under narrow planting of both the crop establishment techniques i.e. M; and M, resulted
in higher mortality of shoots which greatly reduced the number of millable cane.
Soomro et al. (2009) also reported more number of millable canes under wider row
spacing of 125 cm as compared to other narrow spacings. Similar results were also
reported by Cheema et al. (2002), Chattha et al. (2007) and Chaudhari et al. (2014).

Effect of integrated nutrient management

The number of millable cane recorded at the time of harvesting were
significantly varied due to different integrated nutrient management practices during
both the years. Data presented in Table 4.13 clearly expressed that the number of
millable canes produced per unit area greatly increased under the integrated nutrient
management as compared to 100% RDF. It ranged from 85.62 to 92.04 ‘000 ha™ during
2017-18 and 83.38 to 91.04 ‘000 ha™ during 2018-19 under different treatments. In both
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the years, significantly higher number of millable canes (92.04 and 91.04 000 ha™)
were obtained under the integrated supply of 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) which was at par with
100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (F3) (91.66 and
90.77 ‘000 ha™), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs) (90.87 and 89.58 <000 ha™) and
75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™+ green manuring of cowpea
1 (Fs) (90.57 and 88.88 <000 ha™) during 2017-18 and 2018-19, respectively. Whereas,
significantly lower values of 85.62 ‘000 ha™ in 1% year and 83.38 <000 ha™ in 2" year
were obtained in the treatment receiving 100% RDF (F;). The significant reduction in
number of millable canes under 100% RDF (F1) might be due greater differences in sink
and source that led to high mortality of tillers because of insufficient nutrient supply
during the grand growth stages of sugarcane. While, the adequate supply of nutrients
might have helped in augmentation of more shoot to millable cane conversion ratio
under integrated nutrients management practices which resulted in more number of
millable canes. Umesh et al. (2018) also reported maximum number of millable canes
with the integration of organic manures with 100% RDF. Banerjee et al. (2018) reported
significantly higher number of millable canes due to integrated supply of 75% RDN
through inorganic source, biofertilizers along with 25% RDN through FYM as
compared to 100% RDF. Kumar et al. (2019) also reported the similar findings.

Interaction effect

The crop establishment techniques and integrated nutrient management

could not bring any significant effect on number of millable canes during both the years.
4.2.4 Average weight of millable cane (kg)

Data regarding average weight of millable cane are presented in Table

4.13 and corresponding analyses of variance are appended in Appendix XIII.
Effect of crop establishment techniques

The average weight of millable cane was significantly influenced by

different crop established techniques during both the years.

Among the crop established techniques, planting of bud chip seedling at
120 cm x 60 cm (M3) recorded significantly higher weight of millable cane (1.298 and
1.272 kg) which was at par with planting of bud chip seedling at 90 cm x 60 cm (M)
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(1.256 and 1.222 kg) but superior to conventional method of planting (M;) (1.222 and
1.188 kg) during 2017-18 and 2018-19, respectively. However, M; and M, were also at
par with each other during both the years. The planting of bud chip seedling at 120 cm
row facilitated the crop for better exposure to all the resources that resulted in more
cane length as well as cane diameter, thereby, increased the weight of millable cane.
The significant reduction in average cane weight under conventional method might be
due to decrease in values of parameters like cane length and cane diameter. The
enhancement in individual cane weight under wider spacing in comparison to narrow
spacing was also reported by Orgeron (2003), Raskar and Bhoi (2003) and Ghaffar et al.
2012. Chandrakar et al. (2019) also reported that planting of bud chip seedling at 120
cm x 60 cm produced significantly higher single cane weight as compared to 3 budded

setts planting.
Effect of integrated nutrient management

The integrated nutrient management practices significantly influenced

the average weight of millable cane during both the years.

Data furnished in Table 4.13 in respect of average weight of millable
cane revealed that integrated supply of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly higher
values (1.280 kg, during 2017-18; 1.246 kg, during 2018-19) which were at par with
100% RDF + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (1.270 kg
in 1% year and 1.232 kg in 2" year), 75% RDF + FYM @ 5 t ha™* + vermicompost @ 1 t
ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) (1.267 kg in 1% year
and 1.222 kg in 2" year) and 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t
ha + green manuring of cowpea (Fs) (1.254 kg in 1% year and 1.212 kg 2" year) during
2017-18, on the other hand, F, was at par with only F3 and F4 during 2018-19. Besides
this, the average weight of millable cane recorded under 100% RDF (F;) (1.216 kg) was
at par with 75% RDF + enriched compost @ 1 t ha™+ green manuring of cowpea (Fs)
(1.254 kg) during 2017-18. Whereas, the average weight of millable cane recorded
under F; (1.194 kg) was at par with both F4 (1.222 kg) and Fs (1.212 kg) in 2018-19.

The significant increase in average cane weight under integrated supply
of organic sources, biofertilizers along with adequate dose of inorganic fertilizers might
be due better supply of nutrients to the crop that resulted in more cane length as well as
cane diameter and ultimately increased the weight of individual cane. Kumar et al.
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(2017) also reported that the integrated application of FYM @ 15 t ha™ along with
100% RDF significantly enhanced the cane weight over 100% RDF.

Interaction effect

The interaction between the crop establishment techniques and integrated
nutrient management failed to show any significant effect on weight of individual cane
during both the years.

4.2.5 Length of internodes (cm)

The data regarding the length of internodes in bottom, middle and top
portion of millable cane are presented in Table 4.14 and corresponding analyses of
variance are appended in Appendix XIV.

4.2.5.1 Length of the internodes (Bottom)
Effect of crop establishment techniques

The length of the internodes recorded in bottom portion of a millable
cane was significantly influenced by crop establishment techniques in both the years.
The planting of bud chip seedling at 120 cm x 60 cm (M3) recorded significantly higher
length of the internodes (10.61 and 10.42 cm) as compared to planting of bud chip
seedling at 90 cm x 60 cm (M) (9.78 and 9.54 cm) and conventional method of planting
(M) (9.70 and 9.43 cm) during 2017-18 and 2018-19, respectively. However, M; and
M, were at par in effect during both the years. The availability of more nutrients and
other resources under planting of bud chip seedling at 120 cm x 60 cm during the early

stage of cane formation helped in more elongation of internodes in the bottom portion.
Effect of integrated nutrient management

The different integrated management nutrient practices significantly
influenced the length of internodes of millable cane measured in bottom portion during
both the years. All the integrated nutrient management treatments significantly
increased the length of internodes of a millable cane as compared to 100% RDF (F),
but all of them were at par with each other during both the years.

However, significantly higher values of 10.20 cm, during 2017-18 and
10.02 cm, during 2018-19 were obtained under the integrated application of 100% RDF
+ vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™

(F,) which was at par with 100% RDF + enriched compost @ 1 t ha™ + green manuring



Table 4.14. Effect of crop establishment techniques and integrated nutrient management on length of internodes and number of internodes

cane™ of sugarcane

Treatments Length of internodes (cm) Number of internodes cane™
Bottom Middle Top
2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 ‘ 2018-19 2017-18 2018-19
Crop establishment technique (M)
M;:Conventional method 9.70 9.43 12.03 11.62 8.67 8.55 24.37 22.54
M,: Bud chip seedling at 90 cm x 60 cm 9.78 9.54 12.82 12.53 8.88 8.78 25.50 23.84
M3:Bud chip seedling at 120 cm x 60 cm 10.61 10.42 13.57 13.30 9.55 9.28 27.25 26.14
SEmz 0.18 0.19 0.29 0.28 0.17 0.16 0.33 0.34
CD (P=0.05) 0.72 0.76 1.12 1.10 0.68 0.63 1.28 1.32
Integrated nutrient management (N)
F.: 100% RDF 9.60 9.32 12.17 11.95 8.45 8.35 24.50 23.01
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 10.20 10.02 13.15 12.83 9.51 9.14 26.27 25.04
Fs: 100% RDF + EC @ 1tha™ + GM 10.16 9.95 12.94 12.60 9.18 9.12 26.25 24.36
Fs: 75% RDF + FYM @ 5tha”* +VC @ 1tha’+ GM + BF | 10.12 9.88 12.90 12.55 9.12 8.88 25.88 24.20
@ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha® + EC @ 1 tha™+ GM 10.07 9.82 12.86 12.48 9.08 8.84 25.63 24.16
SEm+ 0.15 0.16 0.15 0.16 0.15 0.11 0.25 0.32
CD (P=0.05) 0.43 0.46 0.42 0.47 0.44 0.33 0.74 0.94
Interaction (M x F)
SEmz 0.26 0.27 0.25 0.28 0.26 0.20 0.43 0.55
CD (P=0.05) NS NS NS NS NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;

SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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of cowpea (F3) (10.16 cm during 2017-18 and 9.95 cm during 2018-19), 75% RDF +
FYM @ 5t ha™ + vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F4) (10.12 cm during 2017-18 and 9.88 cm during 2018-19) and 75%
RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(10.07 cm during 2017-18 and 9.82 cm during 2018-19). The optimum availability of
nutrients throughout the crop growing periods might have increased the length of the

internodes.
Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on length of the internodes recorded at bottom was

found to be non-significant during both the years.
4.2.5.2 Length of the internodes (Middle)
Effect of crop establishment techniques

The crop establishment techniques significantly influenced the length of
the internodes recorded in middle portion of a millable cane in both the years. Among
the crop establishment techniques, planting of bud chip seedling at 120 cm x 60 cm
(M3) recorded significantly higher length of the internodes (13.57 and 13.30 cm) which
was at par with planting of bud chip seedling at 90 cm x 60 cm (M,) (12.82 and 12.53
cm), but superior to conventional method of planting (M;) (12.03 and 11.62 cm) during
2017-18 and 2018-19, respectively. However, M; and M, were at par in effect during
both the years.

Effect of integrated nutrient management

The length of the internodes recorded in middle portion of a millable
cane was significantly influenced due to different integrated nutrient management

(INM) practices in both the years.

All the treatments receiving integrated supply of nutrients significantly
increased the length of the internodes (middle) as compared to 100% RDF through
inorganic fertiizers. But, all the integrated nutrient management treatments except 100%
RDF were at par with each other during both the years. However, the application of
100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha* (F,) recorded comparatively higher values (13.15 and 12.83 cm) followed by
application of 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
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(Fs) (12.94 and 12.60 cm), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) (12.90 and 12.55 cm) and
75% RDF + FYM @ 5 t ha’ + enriched compost @ 1 t ha® + green manuring of
cowpea (Fs) (12.86 and 12.48 cm) during 2017-18 and 2018-19, respectively.

Interaction effect

The crop establishment techniques and integrated nutrient management
practices did not reveal any significant interaction effect on length of the internodes

recorded at middle portion of a millable cane during both the years.
4.2.5.3 Length of the internodes (Top)
Effect of crop establishment techniques

The different crop establishment techniques significantly influenced the
length of the internodes recorded in top portion of a millable cane in both the years.
Among the crop establishment techniques, planting of bud chip seedling at 120 cm x 60
cm (Ms) recorded significantly higher length of the internodes (9.55 and 9.28 cm) than
conventional method of planting (M;) (8.67 and 8.55 cm) but were at par with planting
of bud chip seedling at 90 cm x 60 cm (M) (8.88 and 8.78 c¢cm) during 2017-18 and
2018-19, respectively. However, M; and M, did not differ in effect during both the

years.

The above results clearly expressed that irrespective of crop
establishment techniques, the length of internodes in the middle portion of the cane was
comparatively more than the top and bottom portion. The reduction in crop growth
during maturity resulted in decrease in length of internodes in top portion. While, the
coincidence of growth stage with more availability of all the resources might be
responsible for elongation of internodes in the middle portion. The length of internodes
is a varietal character, however, crop management practices plays an important role in
modifying the length of internodes. In the present investigation, the optimum
availability of all resources due to wider spacing might have helped in increasing the
length of internodes under planting of bud chip seedling at 120 cm x 60 cm. Khalid et
al. (2015) also reported more length of internodes under the planting of bud chip
seedling at 120 cm as compared to 90 cm spacing. The significant increase in internode
length due to planting of bud chip seedling at 120 cm row spacing as compared to

conventional method was also reported by Chandrakar et al. (2019).
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Effect of integrated nutrient management

Significant variation in the length of the internodes in top portion was
recorded due to different integrated nutrient management (INM) practices during both
the years. The greater length of the internodes in top portion were recorded due to the
application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™* (F») (9.51 and 9.14 cm) which was at par with 100% RDF +
enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (9.18 and 9.12 cm), 75%
RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha + green manuring of cowpea+
biofertilizers @ 10 kg ha™ (Fs) (9.12 and 8.88 cm) and 75% RDF + FYM @ 5t ha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (9.08 and 8.84 cm)

during 1% and 2" year, respectively.

The significantly higher values obtained under the integrated supply of
100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™ (F,) might be due to more availabity of nutrients supplied from suitable
combination of different nutrient sources. Besides this, the release of growth hormones
from vermicompost and biofertilizers like Azotobacter might have helped in elongation
of crop internodes under this particular treatment. Shahid et al. (2011) also reported
significant variation in the length of internodes due to various nutrient management
practices in sugarcane. Kanjana and Pitchai (2009) also reported significant
improvement in length of internodes with the combination of organic and inorganic
plant nutrient sources along with biofertilizers. Similarly, Somroo et al. (2013) also
reported significantly higher length of internodes due to integration of 75% RDF along
with FYM @ 20t ha™ or pressmud @ 20 t ha? and both of them were found to be
superior over 100% RDF.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on length of the internodes recorded at top portion of a

millable cane was found non-significant during both the years.
4.2.6 Number of internodes millable cane™

Data regarding the number of internodes are presented in Table 4.14 and

corresponding analyses of variance are appended in Appendix XIV.
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Effect of crop establishment techniques

The number of internodes millable cane™ recorded during harvesting was
significantly influenced by different crop establishment techniques in both the years.
The planting of bud chip seedling at 120 cm x 60 cm (Ms) registered significantly
higher number of internodes millable cane™ (27.25 and 26.14) as compared to planting
of bud chip seedling at 90 cm x 60 cm (M) (25.50 and 23.84) and conventional method
(M) (24.37 and 22.54) during 2017-18 and 2018-19, respectively. But, both M; and M,
were at par with each other during both the years. Significant variation in plant height
under different crop establishment techniques resulted in significant difference in
number of internodes millable cane™. Moreover, proper orientation of plants and better
utilization of resources under wider planting of bud chip seedlings might have helped in
more growth of cane stalk. Khalid et al. (2015) also reported more humber of internodes
plant™ due to planting of bud chip seedling at 120 cm spacing as compared to 90 cm

row spacing.
Effect of integrated nutrient management

The different integrated nutrient management practices significantly
influenced the number of internodes millable cane™ recorded during harvesting in both
the years of investigation. Results clearly expressed that all the integrated nutrient
management practices significantly increased the number of internodes millable cane™
as compared to 100% RDF in both the years. The maximum number of internodes were
obtained due to application of 100% RDF + vermicompost @ 1 t ha™ + green manuring
of cowpea + bio-fertilizers @ 10 kg ha™ (F,) (26.27 and 25.04) which was at par with
all the treatments comprising of both organic and inorganic fertilizers viz., 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (26.25 and 24.36), 75%
RDF + FYM @ 5t ha™® + vermicompost @ 1 t ha™ + green manuring of cowpea+
biofertilizers @ 10 kg ha™ (F4) (25.88 and 24.20) and 75% RDF + FYM @ 5 t ha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (25.63 and 24.16) during
1% and 2" year, respectively. Whereas, the lowest number of internodes (24.50 during
2017-18 and 23.01 during 2018-19) were obtained under 100% RDF (F;). The more
cane length associated with the combined application of both organic and inorganic
fertilizers resulted in more number of internodes millable cane™. Soomro et al. (2012)
also reported significant increase in number of internodes plant™ (23.3) under the
residual effect of FYM along with 75% RDF, whereas, the lowest value (15.0) was
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observed under 100% RDF. Similarly, Keshavaiah (2012) also reported more number of

internodes millable cane™ due to integrated application of nutrients over 100% RDF.
Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management did not show any significant effect on number of internodes of

millable cane™ during both the years.
4.2.7 Cane yield (t ha)

Data recorded on cane yield are presented in Table 4.15 and

corresponding analyses of variance are appended in Appendix XV.
Effect of crop establishment techniques

The different crop establishment techniques clearly showed significant
variation in cane yield for both the years as well as in pooled analysis. The planting of
bud chip seedling at 120 cm x 60 cm (M3) recorded significantly higher cane yield of
both individual year (123.20 t ha™ during 2017-18 and 118.64 t ha™ during 2018-19) as
well as in pooled analysis (120.92 t ha™) as compared to the planting of bud chip
seedling at 90 cm x 60 cm (M,) (108.55, 105.38 and 106.98 t ha™ for 2017-18, 2018-19
and in pooled analysis, respectively) and conventional method (M;) (102.92, 98.36 and
100.64 t ha™ for 2017-18, 2018-19 and in pooled analysis, respectively). The planting
of bud chip seedling at 120 cm x 60 cm recorded 19.70, 17.89 and 20.15 % increased
yield, respectively over conventional method for 2017-18, 2018-19 and in pooled

analysis.

However, cane yield between M; and M did not differ for both the years
as well as in pooled yield. The excessive amount of rainfall received during the grand
growth of sugarcane in case of 2" year along with less BSSH (shown in Fig. 3.1.d)

reduced the crop growth as well as yield as compared to 1% year crop.

The increase in entire yield attributing characters viz., cane length, cane
weight, number of millable cane under the planting of bud chip seedling at 120 cm x 60
cm (M3) might be responsible for production of higher cane yield as compared to other
crop establishment techniques. The significant increase in cane yield under the planting
of bud chip seedling at 120 cm in comparison to 90 cm spacing was also reported by
Rehman et al. (2013) and Khalid et al. 2015. Similarly, Mohanty et al. (2014) and
Chandrakar et al. (2019) reported significantly higher cane yield under the planting of



Table 4.15. Effect of crop establishment techniques and integrated nutrient management on yield of sugarcane

Treatments Cane yield Green top yield Trash yield
(tha™) (tha™) (tha')
2017-18 | 2018-19 | Pooled | 2017-18 | 2018-19 | Pooled | 2017-18 | 2018-19 | Pooled
Crop establishment techniques (M)
M;:Conventional method 102.92 98.36 100.64 16.20 15.84 16.02 8.14 7.97 8.06
M,: Bud chip seedling at 90 cm x 60 cm 108.55 105.38 106.98 17.08 16.48 16.78 8.65 8.33 8.49
M3:Bud chip seedling at 120 cm x 60 cm 123.20 118.64 120.92 17.78 17.23 17.50 9.45 9.03 9.24
SEmzt 2.95 2.05 2.44 0.22 0.24 0.23 0.13 0.14 0.17
CD (P=0.05) 11.58 8.03 9.56 0.86 0.94 0.88 0.52 0.55 0.70
Integrated nutrient management (F)
Fi: 100% RDF 102.48 98.92 100.70 15.55 15.48 15.29 8.46 7.86 8.16
F,: 100% RDF + VC @ 1tha '+ GM + BF @ 10 115.46 111.11 113.28 17.68 16.94 17.33 8.94 8.74 8.84
kg ha
Fs: 100% RDF + EC @ 1 tha™ + GM 113.94 109.87 111.91 17.53 16.84 17.14 8.85 8.61 8.73
F.. 75% RDF + FYM @ 5tha*+VC @ 1tha™ + 113.40 108.77 111.09 17.28 16.78 16.87 8.82 8.51 8.67
GM + BF @ 10 kg ha*
Fs: 75% RDF + FYM @ 5tha®* + EC @ 1 t ha™+ 112.72 108.21 110.46 17.06 16.49 16.68 8.68 8.48 8.58
GM
SEmz 1.23 1.08 0.99 0.22 0.20 0.17 0.06 0.07 0.09
CD (P=0.05) 3.58 3.15 2.88 0.66 0.58 0.51 0.17 0.23 0.27
Interaction (M x F)
SEmz 2.12 1.88 1.72 0.38 0.35 0.31 0.10 0.13 0.16
CD (P=0.05) NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant

: Enriched compost; BF: Biofertilizers;
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bud chip seedling at 120 cm x 60 cm as compared to conventional method. Several
researchers also reported 120 cm as optimum row to row spacing for getting higher cane
yield in sugarcane (Ahmad, 2002; Mahadevaswamy and Martin, 2002 and Munsif et al.,
2015).

Effect of integrated nutrient management

The cane yield of sugarcane was significantly influenced by different
integrated nutrient management practices during both the years. All the treatments
comprised of integrated nutrient management recorded significantly higher cane yield as
compared to 100% RDF for both the years as well as in pooled analysis. Among the
treatments, the integrated supply of 100% RDF + vermicompost @ 1 t ha® + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly higher
cane yield (115.46, 111.11 and 113.28 t ha™ for 2017-18, 2018-19 and in pooled
analysis, respectively) which was at par with 100% RDF + enriched compost @ 1 t ha™
+ green manuring of cowpea (Fs) (113.94, 109.87 and 111.91 t ha™ for 2017-18, 2018-
19 and in pooled analysis, respectively), 75% RDF + FYM @ 5 t ha™ + vermicompost
@ 1t ha’ + green manuring of cowpea + bio-fertilizers @ 10 kg ha™ (F4) (113.40
108.77 and 111.09 t ha™ for 2017-18, 2018-19 and in pooled analysis, respectively) and
75% RDF + FYM @ 5 t ha’ + enriched compost @ 1 t ha™® + green manuring of
cowpea (Fs) (112.72, 108.21 and 110.46 t ha™ for 2017-18, 2018-19 and in pooled
analysis, respectively). All the above treatments were significantly higher over 100%
RDF (F1) (102.48, 98.92 and 100.70 t ha™ for 2017-18, 2018-19 and in pooled analysis,
respectively). In earlier research, More et al. (2009) also reported insignificant
difference in cane yield due to incorporation of green manure crop with 100% RDF as
well as 75% RDF. The per cent increase in cane yield under the treatments F,, F3, F,and
Fs over 100% RDF (F;) was 12.67, 11.18, 10.66 and 9.99%, respectively, during 2017-
18; 12.32, 11.07, 9.96 and 9.30%, respectively, during 2018-19; 12.49, 11.13, 10.32 and
9.69%, respectively, in pooled analysis.

The better crop growth as well as yield attributing parameters viz., under
the treatment F, led to higher cane yield. Umesh et al. (2013) reported that the
integration of organic nutrient sources with higher rates of fertilizers produced
comparatively more cane yield than integration with lower rates. The beneficial effect
of FYM and biofertilizers in combination with inorganic fertilizers was also reported by
Yadav et al. (2018). Significantly superior cane yield over 100% RDF due to integrated
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application FYM @ 10 t ha™ and biofertilizers along with 100% NPK was also reported
by Kumar et al. (2017). Many researchers reported that integrated supply of both
organic as well as inorganic sources of nutrient produced significantly higher yield over
100% RDF (Gangwar and Sharma, 1998; Kumar and Chand, 2013; Kumar et al. (2016)
and Banerjee et al., 2018).

Interaction effect

The interaction between the crop establishment techniques and integrated
nutrient management failed to exert any significant effect on cane yield during both the

years.
4.2.8 Green top yield (t ha™)

The data in respect of green top yield are presented in Table 4.15 and

corresponding analyses of variance are appended in Appendix XV.
Effect of crop establishment techniques

The green top yield recorded during harvesting was significantly
influenced by different crop establishment techniques for both the years of investigation
as well as in pooled analysis. The planting of bud chip seedling at 120 cm x 60 cm (M3)
recorded significantly higher green top yield (17.78, 17.23 and 17.50 t ha™ for 1% year,
2" year and in pooled analysis) that was at par with planting of bud chip seedling at 90
cm x 60 cm (My) (17.08, 16.48 and 16.78 t ha™* for 1% year, 2" year and in pooled
analysis), but superior to the yield recorded under conventional method (M;) (16.20,
15.84 and 16.02 t ha™ for 1% year, 2" year and in pooled analysis). In case of both
individual year as well as well as in pooled data, the green top yield recorded under M;

and M, was at par with each other.

The significant variation in number of millable canes per unit area
amongst the treatments resulted in significant difference in green top yield. The more
number of millable canes produced under wider planting of bud chip seedling increased
the green top yield of sugarcane. Ehsanullah et al. (2011) also reported significant
variation in green top yield due to planting of sugarcane setts under different row
spacing. They reported significantly higher green top weight (12.69 t ha™) due to
planting of sugarcane at 120 cm spaced 3-row strips which was at par with 90 cm

spaced 2-row strips (11.18 t ha™).



138

Effect of integrated nutrient management

The different integrated nutrient management practices showed
significant variation in green top yield during both the years of investigation. Result
revealed that all the treatments comprised of both organic and inorganic sources of
nutrients recorded significantly higher green top yield in comparison to 100% RDF (F;)
in both the years. The application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded the maximum values of
17.68 t ha! in 2017-18 and 16.94 t ha™ in 2018-19 which was at par with 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (17.53 and 16.84 t ha™),
75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea +
bio-fertilizers @ 10 kg ha™ (F4) (17.28 and 16.78 t ha™*) and 75% RDF + FYM @ 5 t
ha' + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (17.06 and 16.49 t
ha') in 1% and 2™ year, respectively. Whereas, significantly lower yield of 15.55 t ha
in 2017-18 and 15.48 t ha™ in 2018-19 was obtained under the treatment receiving
100% RDF through inorganic fertilizers (Fy).

The pooled data furnished in Table 4.15 also revealed that all the
integrated nutrient management practices recorded significantly higher green top yield
as compared to 100% RDF (F,). However, significantly higher value (17.33 t ha') was
obtained under the treatment receiving 100% RDF + vermicompost @ 1t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) that was at par with the
application of 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) (17.14 t ha™), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + bio-fertilizers @ 10 kg ha™ (F4) (16.87 t ha™), but superior to the
treatment receiving 75% RDF + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (16.68 t ha™). But, the effect of Fs, F4 and Fs did not differ from each other.
All the above treatments recorded significantly higher green top yield in pooled analysis
than the 100% RDF (15.29 t ha™). The production of more number of millable canes
under integrated application of both organic and inorganic sources of nutrients might be
responsible for increase in green top yield. Shahid et al. (2011) also reported significant
variation in green top yield due to different nutrient management practices. They
reported significantly higher green top yield (14.64 t ha™®) due to integration of biocane
1.25 1 ha * + N: P: K @ 170:85:85 kg ha™ as compared to sole inorganic fertilizers
(12.44 t ha) as well as other treatment combinations in autumn planted sugarcane.
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Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on green top yield was found non-significant during

both the years.
4.2.9 Trash yield ((t ha™)

The data regarding trash yield are presented in Table 4.15 and

corresponding analyses of variance are appended in Appendix XV.
Effect of crop establishment techniques

The trash yield recorded during harvesting was significantly influenced
by different crop establishment techniques for both the years as well as in pooled
analysis. Planting of bud chip seedling at 120 cm x 60 cm (M3) produced significantly
higher trash yield (9.45, 9.03 and 9.24 t ha™ for 1% year, 2" year and in pooled analysis,
respectively) as compared to planting of bud chip seedling at 90 cm x 60 cm (M) (8.65,
8.33 and 8.49 t ha for 1% year, 2" year and in pooled analysis, respectively) and
convention method (M) (8.14, 7.97 and 8.06 t ha™ for 1% year, 2" year and in pooled
analysis, respectively). However, the effect of both M; and M, were at par for both

individual years as well as in pooled analysis.
Effect of integrated nutrient management

Results revealed significant differences in trash yield under different
integrated nutrient managements for both the years as well as in pooled analysis. All the
integrated nutrient management practices recorded significantly higher trash yield in
comparison to 100% RDF (F;) in both the years as well as in pooled analysis. The
integrated supply of 100% RDF + vermicompost @ 1 t ha® + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) produced significantly higher trash yield
(8.94, 8.74 and 8.84 t ha™* for 2017-18, 2018-19 and in pooled analysis) which was at
par with the application of 100% RDF + enriched compost @ 1 t ha™ + green manuring
of cowpea (Fs) (8.85, 8.61 and 8.73 t ha™ for 2017-18, 2018-19 and in pooled analysis)
and 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring of
cowpea + bio-fertilizers @ 10 kg ha™ (F.) (8.82, 8.51and 8.67 t ha for 2017-18, 2018-
19 and in pooled analysis), but superior to the application of 75% RDF + FYM @ 5t
ha® + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (8.68, 8.48 and
8.58 t ha! for 2017-18, 2018-19 and in pooled analysis). However, Fs, F, and Fs were at
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par with each other during both the years of investigation. The lowest trash yield was
obtained under F; (8.46, 7.86 and 8.16 t ha™ for 2017-18, 2018-19 and in pooled

analysis).

The production of more number of millable canes under integrated
application of both organic and inorganic sources of nutrients might be responsible for
increase in trash yield. Shahid et al. (2011) also reported significant variation in trash
yield due to different nutrient management practices. They reported significantly higher
trash yield (8.42 t ha®) due to integration of biocane 1.25 | ha * along with N: P: K @
170:85:85 kg ha™ as compared to sole inorganic fertilizers (7.67 t ha™) as well as other

treatment combinations in autumn planted sugarcane.
Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management failed to exert any significant effect on trash yield during both the
years as well as pooled analysis.

4.2.9 Biological yield (t ha™)

The data pertaining to biological yield are presented in Table 4.16 and
corresponding analyses of variance are appended in Appendix XV.

Effect of crop establishment techniques

The different crop establishment techniques revealed significant
variation in biological yield during both the years. The planting of bud chip seedling at
120 cm x 60 cm (Ms3) recorded significantly higher biological yield (150.38 and 144.54 t
ha™) as compared to the planting of bud chip seedling at 90 cm x 60 cm (M,) (134.28
and 130.18 t ha™) as well as conventional method (M;) (127.26 and 122.11 t ha™)
during 2017-18 and 2018-19, respectively. However, M; and M, did not differ from
each other during both the years. The production of higher top, trash and cane yield
under planting of bud chip seedling at 120 cm x 60 cm (Ms) ultimately resulted in
higher biological yield.

Effect of integrated nutrient management

Data provided in Table 4.16 indicated significant variation in biological

yield under different integrated nutrient management practices during both the years.

All the treatments comprised of integrated supply of different sources of nutrients

recorded significantly higher biological yield as compared to 100% RDF (F1). However,
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comparatively higher biological yield (142.08 and 136.78 t ha™) was obtained due to
the application of 100% RDF + vermicompost @ 1t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F,) followed by the treatments receiving 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (140.32 and 135.16 t
hal), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring of
cowpea + bio-fertilizers @ 10 kg ha™ (F4) (139.50 and 133.53 t ha™) and 75% RDF +
FYM @ 5 t hat + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(138.46 and 133.02 t ha™) during 2017-18 and 2018-19, respectively. But, no significant
variation existed among F,, F3, F4 and Fs during both the years. While, the lowest
biological yield of 126.49 t ha™* during 2017-18 and 120.02 t ha™ during 2018-19 were
registered under 100% RDF (F»).

The significant variation in green top, trash as well as cane yield resulted
in deviation in biological yield among the treatments. The higher production of green
top, trash as well as cane yield under the treatments receiving both organic as well as
inorganic sources of nutrients resulted in higher biological yield as compared to 100%
RDF.

Interaction effect

The biological yield was found non- significant due to the interaction
effect between the crop establishment techniques and integrated nutrient management

during both the years.
4.2.10 Harvest index (%0)

The data pertaining to harvest index as affected by crop establishment
techniques and integrated nutrient management are presented in Table 4.16 and

corresponding analyses of variance are presented in Appendix XV.
Effect of crop establishment techniques

The different crop establishment techniques showed insignificant
difference in harvest index during both the years. Though non-significant, planting of
bud chip seedling at 120 cm x 60 cm (M3) recorded comparatively higher index of
81.92% during 2017-18 and 82.10% during 2018-19 as compared to other crop
establishment techniques. Magsood et al. (2005) also reported insignificant difference in

harvest index due to planting of sugarcane under different row spacing.



Table 4.16. Effect of crop establishment techniques and integrated nutrient management on biological yield and harvest index of sugarcane

Treatments Biological yield (t ha™) Harvest index (%0)
2017-18 |  2018-19 2017-18 |  2018-19

Crop establishment techniques (M)
M;:Conventional method 127.26 122.11 80.87 80.70
M,: Bud chip seedling at 90 cm x 60 cm 134.28 130.18 80.84 80.93
Ms:Bud chip seedling at 120 cm x 60 cm 150.38 144.54 81.92 82.10
SEm+ 2.16 3.21 1.18 1.21
CD (P=0.05) 8.50 12.71 NS NS
Integrated nutrient management (F)
F,: 100% RDF 126.49 122.02 81.02 81.06
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 142.08 136.78 81.26 81.23
Fs: 100% RDF + EC @ 1 tha™ + GM 140.32 135.16 81.20 81.28
F,: 75% RDF + FYM @ 5tha” + VC @ 1 tha’ + GM + BF @ 10 kg ha™ 139.50 133.53 81.29 81.45
Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha™+ GM 138.46 133.02 81.41 81.36
SEm+ 1.40 1.46 0.72 0.58
CD (P=0.05) 4.08 4.28 NS NS
Interaction (M x F)
SEm+ 2.42 2.54 1.24 1.00
CD (P=0.05) NS NS NS NS

Note: DAP: Days after planting ; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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Effect of integrated nutrient management

The different integrated nutrient management practices failed to show

any significant differences in harvest index in both the years of investigation.
Interaction effect

The interaction effect between the crop establishment techniques and
integrated nutrient management on harvest index was found non- significant during both

the years.
4.3 Qualitative studies

The data in respect of qualitative studies viz., field brix, juice recovery,
sucrose, purity, and commercial cane sugar (%) as well as commercial cane sugar
(CCS) (t ha') as affected by crop establishment techniques and integrated nutrient
management are presented in Table 4.17a and 4.17b and corresponding analyses of

variance are appended in Appendix XVI and XVII.
4.3.1 Field brix (%)

The quantification of juice quality parameters like field brix (%) is very
important for determination of proper harvesting time. The data on juice quality
parameters such as field brix (%) as influenced by crop establishment techniques and
integrated nutrient management are presented in Table 4.17a and corresponding

analyses of variance are appended in Appendix XVI.
4.3.1.1 Field brix at bottom (%)
Effect of crop establishment techniques

The field brix content recorded at bottom portion of standing millable
cane at 360 and 420 DAP were not significantly affected due to different crop
establishment techniques in both the years. However, in both stages of the crop, an
increasing trend was observed due to planting of bud chip seedling at 120 cm x 60 cm
(M3) (19.67 and 22.64%, respectively, during 2017-18; 19.03 and 22.54%, respectively,
during 2018-19) followed by planting of bud chip seedling at 90 cm x 60 cm (M)
(19.60 and 22.47%, respectively, during 2017-18; 19.02 and 22.50%, respectively,
during 2018-19) and conventional method (M;) (19.43 and 22.23%, respectively,
during 2017-18; 18.56 and 22.38%, respectively, during 2018-19).
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Effect of integrated nutrient management

The application of various integrated nutrient management practices did
not exhibit any significant difference on field brix content at bottom portion of standing
millable cane recorded at 360 and 420 DAP during both the years. But, the treatments
receiving integrated nutrient management practices recorded comparatively higher
values as compared 100% RDF in both the years. At 360 and 420 DAP, the application
of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F,) recorded comparatively higher field brix content (19.86 and 22.55%,
respectively, during 2017-18; 19.07 and 22.71%, respectively, during 2018-19).

Interaction effect

The field brix content recorded at bottom portion of standing millable
cane remained unaffected due to interaction between the crop establishment techniques

and integrated nutrient management during both the years.
4.3.1.2 Field brix at middle (%)
Effect of crop establishment techniques

The different crop establishment techniques did not exert any significant
effect on field brix content recorded at middle portion of standing millable cane at 360
and 420 DAP. In both the stages, planting of bud chip seedling at 120 cm x 60 cm (M3)
recorded comparatively higher values (18.11 and 21.57%, respectively, during 2017-18;
17.40 and 21.48%, respectively, during 2018-19) as compared to planting of bud chip
seedling at 90 cm x 60 cm (M) (17.96 and 21.42%, respectively, during 2017-18; 17.10
and 21.38%, respectively, during 2018-19) and conventional method (M;) (17.44 and
21.22%, respectively, during 2017-18; 16.84 and 21.33%, respectively, during
2018-19).

Effect of integrated nutrient management

The various integrated nutrient management practices did not show any
significant variation on field brix content of middle portion of standing millable cane
recorded at 360 and 420 DAP during both the years. Though non-significant, the
application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F.) recorded comparatively higher values (18.11 and
21.64%, respectively, during 2017-18; 17.18 and 21.54%, respectively, during 2018-19)
as compared to all other treatments in both the stages. Whereas, the minimum values
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(17.60 and 21.04%, respectively, during 2017-18; 16.78 and 21.24%, respectively,
during 2018-19) were obtained under 100% RDF (F,).

Interaction effect

The crop establishment techniques and integrated nutrient management
did not exert any significant effect on field brix content recorded at middle portion of
standing millable cane during both the years.

4.3.1.3 Field brix at top (%0)
Effect of crop establishment techniques

The field brix content recorded at top portion of a standing millable cane
at 360 and 420 DAP did not differ due to different crop establishment techniques in
both the years. But, comparatively higher values (14.08 and 20.49%, respectively,
during 2017-18; 13.40 and 20.51%, respectively, during 2018-19) were achieved due to
planting of bud chip seedling at 120 cm x 60 cm (M3) as compared to planting of bud
chip seedling at 90 cm x 60 cm (M>) (14.04 and 20.41%, respectively, during 2017-18;
13.32 and 20.41%, respectively, during 2018-19) and conventional method (M;) (13.71
and 19.88%, respectively, during 2017-18; 13.16 and 20.08%, respectively, during
2018-19) in both the stages of crop growth.

In a nut shell, the field brix content recorded at 420 DAP was
comparatively more as compared to 360 DAP irrespective of crop establishment
techniques during both the years. Except bottom portion of the cane, the field brix
content in middle as well as top portion was found to be less than even 20% at 360
DAP, which gradually increased with the duration of the crop and reached the
maximum values at 420 DAP. The difference in field brix content in bottom, middle and
top portion of cane was much higher during 360 DAP, while the differences were very
minimal at 420 DAP. Ahmed et al. (2011) also reported that row spacing did not
influence the brix% in sugarcane juice of plant cane at the time of harvesting.

Effect of integrated nutrient management

Various integrated nutrient management practices did not influence the
field brix content of top portion recorded at 360 and 420 DAP during both the years. In
both the stages, the application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded comparatively higher
values (14.07 and 20.44%, respectively, during 2017-18; 13.42 and 20.54%,
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respectively, during 2018-19) as compared to all other treatments. Whereas, the
minimum values (13.75 and 20.07%, respectively, during 2017-18; 13.11 and 20.13%,
respectively, during 2018-19) were obtained under 100% RDF (Fy).

The above results clearly indicated that, although non-significant, the
integrated supply of different organic sources of nutrients along with both 100 and 75%
RDF slightly increased the field brix content over the sole application of 100% RDF.
Irrespective of treatments, the field brix content recorded at 420 DAP was
comparatively higher than 360 DAP. The field brix content recorded at 360 DAP
showed large variation at bottom, middle and top portion of the cane which narrowed
down during 420 DAP indicating the maturity of the crop at this particular stage.
Although, all the treatments were found to be at par with each other, an increasing trend
in field brix content was observed with the combination of organic sources of nutrients,
biofertilizers along with 100% RDF in comparison to 100% RDF alone. Several
researchers reported insignificant difference in brix content due to application different
integrated nutrient management practices (Umesh et al., 2013; Kumar and Gaddanakeri,
2015).

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management in field brix content of top portion of standing millable

cane was found non-significant in both the years.
4.3.2 Juice recovery or extraction (%o)

The data pertaining to juice recovery or extraction (%) as influenced by
crop establishment techniques and integrated nutrient management are presented in

Table 4.17b and corresponding analyses of variance are appended in Appendix XVI.
Effect of crop establishment techniques

The juice recovery or extraction percentage remained unaffected due to
different crop establishment techniques during both the years. The juice extraction
percentage ranged from 58.78 to 61.56% during 2017-18 and 57.94 to 60.75% during
2018-19 under different crop establishment techniques. But, slightly higher values were
obtained under the planting of bud chip seedling at 120 cm x 60 cm (M3) (61.56 and
60.75%) and 90 cm x 60 cm (M) (60.84 and 59.20%) in comparison to conventional
method (M,) (58.78 and 57.94%) in 1% and 2" year, respectively.



Table 4.17 a. Effect of crop establishment techniques and integrated nutrient management on qualitative studies (field brix) of sugarcane

Treatments

Field brix (%)

2017-18

2018-19

360 DAP

420 DAP

360 DAP

420 DAP

Bottom | Middle | Top

Bottom | Middle | Top

Bottom | Middle | Top

Bottom | Middle | Top

Crop establishment techniques (M)

M;:Conventional method 1943 | 1744 |13.71| 2223 | 21.22 |19.88| 1856 | 16.84 | 13.16 | 22.38 | 21.33 | 20.08
M,: Bud chip seedling at 90 cm x 60 cm 19.60 | 17.96 | 14.04 | 22.47 | 2142 |20.41| 19.02 | 17.10 |13.32| 2250 | 21.38 | 20.41
Mj;:Bud chip seedling at 120 cm x 60 cm 19.67 | 18.11 |14.08 | 22.64 | 2157 |20.49| 19.03 | 17.40 |13.40| 2254 | 21.48 | 20.51
SEm+ 0.51 0.36 0.33 0.32 0.30 | 0.50 0.36 0.34 | 0.23 0.63 0.40 0.44
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS
Integrated nutrient management (F)

F;: 100% RDF 19.21 | 17.60 |13.75| 22.27 | 21.04 |20.07 | 18.78 | 16.78 | 13.11 | 22.18 | 21.24 | 20.13
F: 10?% RDF +VC @ 1tha™+ GM + BF @ 10 19.86 | 18.11 |14.07| 2255 | 21.64 |20.44 | 19.07 | 17.18 | 1342 | 2271 | 2154 | 20.54
kg ha’

Fs: 100% RDF + EC @ 1 tha™ + GM 19.66 | 17.98 |14.05| 2253 | 2156 |20.35| 19.01 | 17.13 | 13.33| 2258 | 21.48 | 20.48
F; 75% RDF+ FYM @ 5tha*+VC @ 1tha’+ | 19.60 | 17.78 |13.92| 2251 | 21.41 |20.30 | 18.88 | 17.03 | 13.20 | 22.53 | 21.43 | 20.39
GM + BF @ 10 kg ha*

Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha™+ 19.47 | 17.73 | 13.8 | 2243 | 21.37 |20.15| 18.84 | 16.94 | 1321 | 2236 | 21.28 | 20.35
GM

SEmz 0.22 0.29 0.20 0.21 0.19 0.20 0.24 0.16 0.17 0.23 0.14 0.15
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS
Interaction (M x F)

SEm+ 0.39 0.50 0.34 0.37 034 | 0.35 0.41 0.26 0.29 0.39 0.24 0.33
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant




Table 4.17 b. Effect of crop establishment techniques and integrated nutrient management on qualitative studies (Juice recovery, juice quality

parameters and CCS yield) of sugarcane

Treatments Juice recovery (%) Sucrose (%) Purity (%) CCS (%) CCS (tha™)
2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19

Crop establishment technique (M)
M;:Conventional method 58.78 57.94 17.38 17.04 82.94 82.14 11.46 10.96 11.78 10.78
M,: Bud chip seedling at 90cmx 60 cm 60.84 59.20 17.47 17.36 83.71 82.38 11.73 11.22 12.73 11.82
Mj;:Bud chip seedling at 120cmx 60 cm 61.56 60.75 17.75 17.50 84.58 83.18 11.87 11.76 14.62 13.95
SEmz 0.82 0.95 0.31 0.25 0.98 1.13 0.15 0.16 0.28 0.34
CD (P=0.05) NS NS NS NS NS NS NS NS 1.12 1.34
Integrated management Practices (F)
F.: 100% RDF 56.46 55.23 17.26 17.11 83.11 81.52 11.38 11.13 11.60 11.04
F: 10?% RDF + VC @ 1tha *+ GM + BF @ 10 61.92 60.78 17.67 17.51 84.62 83.44 11.94 1177 13.78 13.08
kg ha’
Fs: 100% RDF + EC @ 1 tha™ + GM 61.67 60.72 17.62 17.45 84.43 83.22 11.84 11.72 13.50 12.77
F,; 75% RDF + FYM @ 5tha’+VC @ 1tha™ + 61.12 60.24 17.59 17.25 83.40 82.43 11.78 11.36 13.35 12.35
GM + BF @ 10 kg ha*
Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha™+ 60.58 59.52 17.55 17.18 83.28 82.12 11.66 11.30 13.20 12.22
GM
SEmz 0.47 0.51 0.13 0.12 0.75 0.73 0.14 0.18 0.13 0.17
CD (P=0.05) 1.38 1.50 NS NS NS NS 0.42 0.52 0.38 0.48
Interaction (M x F)
Semz+ 0.82 0.89 0.22 0.21 1.30 1.26 0.26 0.31 0.23 0.29
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;

SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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Effect of integrated nutrient management

The different integrated nutrient management practices significantly
influenced the juice recovery (%) during both the years. All the integrated nutrient
management practices significantly increased the juice recovery percentage as
compared to 100% RDF, but at par with each other during both the years. However,
comparatively higher percentage of juice recovery (61.92 and 60.78%) was obtained
due to the application of 100% RDF + vermicompost @ 1t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) immediately followed by the treatment
receiving 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(61.67 and 60.72%), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + bio-fertilizers @ 10 kg ha™ (F4) (61.12 and 60.24%) and 75%
RDF + FYM @ 5 t ha™* + enriched compost @ 1 t ha™* + green manuring of cowpea (Fs)
(60.58 and 59.52%) during 2017-18 and 2018-19, respectively. Whereas, significantly
lower values were obtained under 100% RDF (F;) (56.46 and 55.23%) in the respective
years. The optimal supply of nutrients throughout crop growing period under the
integrated nutrient management might have increased the succulency that resulted in

higher juice recovery.
Interaction effect

The crop establishment techniques and integrated nutrient management
practices did not show any significant interaction effect in juice extraction (%) during

both the years.
4.3.3 Sucrose (%)
Effect of crop establishment techniques

The sucrose content in juice at the time of harvesting remained
unaffected due to different crop establishment techniques in both the years. However,
planting of bud chip seedling at 120 cm x 60 cm (M3) and 90 cm x 60 cm (M_) slightly
increased the sucrose content in juice (17.75 and 17.47%, respectively in 2017-18;
17.50 and 17.36%, respectively in 2018-19 ) as compared to the conventional method of
planting (M;) (17.38 and 17.04%, in 2017-18 and 2018-19, respectively).

Effect of integrated nutrient management

The different integrated nutrient management did not exhibit any

significant difference on sucrose content in juice during both the years of investigation.
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However, the integrated nutrient management practices recorded comparatively higher
values as compared to 100% RDF through inorganic fertilizers during both the years.
Though non-significant, the combined application of 100% RDF + vermicompost @ 1t
ha® + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded higher
sucrose content of 17.67% in 1% year and 17.51% in 2" year as compared to all other

treatments.
Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management did not show any significant difference on sucrose

content of juice during both the years.
4.3.4 Purity (%)
Effect of crop establishment techniques

The different crop establishment techniques did not show any significant
difference in purity (%) of juice during both the years of investigation. However,
planting of bud chip seedling at 120 cm x 60 cm (Ms) recorded comparatively higher
sucrose content (84.58 and 83.18%) as compared to planting of bud chip seedling at 90
cm x 60 cm (M) (83.71 and 82.38%) as well as conventional method of planting (M,)
(82.94 and 82.14%) in 1% and 2" year, respectively. Chandrakar et al. (2019) also
reported insignificant difference in purity (%) of juice due to planting of sugarcane bud
chip seedling under different planting geometry. This is in conformity of earlier finding
reported by Shukla and Lal (2003).

Effect of integrated nutrient management

The purity (%) of juice remained unaffected due to integrated nutrient
management practices during both the years of investigation. But, the integrated nutrient
management practices recorded comparatively higher values as compared to application
of inorganic fertilizers alone in both the years. Among the treatments, the combined
application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F,) recorded comparatively higher values (84.62% in 1%
year and 83.44% in 2" year) as compared to all other treatments. Sinha et al. (2014)
also reported that integrated nutrient management practices did not influence the purity

per cent of juice of sugarcane.
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Interaction effect

The purity (%) of juice was not significantly influenced due to
interaction between crop establishment techniques and integrated nutrient management

during both the years.
4.3.5 Commercial cane sugar (CCS) (%)
Effect of crop establishment techniques

The commercial cane sugar (CCS) (%) in juice at the time of harvesting
was not significantly influenced by different crop establishment techniques during both
the years. However comparatively higher content of CCS (11.87% in 1% year and
11.76% in 2" year) were obtained due to planting of bud chip seedling at 120 cm x 60

cm (M3) as compared to other crop establishment techniques.
Effect of integrated nutrient management

Significant variation in commercial cane sugar (CCS) content in juice
was obtained due to different integrated nutrient management practices during both the
years. The integrated application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly higher
content of CCS (11.94% during 2017-18 and 11.77% during 2018-19) as compared to
100% RDF alone (F;) (11.38 and 11.13%) but was at par with the application of 100%
RDF + green manuring of cowpea + enriched compost @ 1 t ha' (F5) (11.84
and11.72%), 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring
of cowpea + bio-fertilizers @ 10 kg ha™* (F,) (11.78 and 11.36%) and 75% RDF + FYM
@ 5 t ha™ + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (11.66 and
11.30%) during 1% and 2" year, respectively. But, the integration of different sources of
nutrients along with 75% RDF i.e. F4 and Fs were found at par with the treatment
receiving 100% RDF (F;) during both the years. Kumar and Chand (2013) also reported
significant increase in CCS% due to in situ incorporation of green manuring crop or
FYM along with RDF in comparison to RDF alone. Umesh et al. (2013) and Thakur et
al. (2012) also reported significant improvement in CCS% as compared to 100% RDF.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management could not bring any significant variation on CCS % in

juice during both the years.
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4.3.6 Commercial cane sugar (CCS) yield (t ha™)

Effect of crop establishment techniques

The commercial cane sugar (CCS) yield was significantly influenced by
different crop establishment techniques that ranged from 11.78 to 14.62 t ha™ during
2017-18 and 10.78 to 13.95 t ha™ during 2018-19. The planting of bud chip seedling at
120 cm x 60 cm (M) significantly increased the CCS yield (14.62 and 13.95 t ha™) over
the plating of bud chip seedling at 90 cm x 60 cm (M) (12.73 and 11.82 t ha™) and
conventional method of planting (M;) (11.78 and 10.78 t ha™) during 2017-18 and
2018-19, respectively. However, effect of M; and M, was at par with each other during
both the years. The higher cane production as well as juice recovery (%) under the
planting of bud chip seedling at 120 cm x 60 cm (M3) might be responsible for
production of higher sugar yield.

Effect of integrated nutrient management

Significant variation on commercial cane sugar (CCS) vyield was
observed due to different integrated nutrient management practices during both the
years. Among the treatments, the integrated application of 100% RDF + vermicompost
@ 1t ha' + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded
significantly higher CCS yield (13.78 and 13.08 t ha™) which was at par with 100%
RDF + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (13.50 and 12.77 t
ha), but superior to 75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + bio-fertilizers @ 10 kg ha™ (F4) (13.35 and 12.35 t ha™) and
75% RDF + FYM @ 5 t ha® + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (13.20 and 12.22 t ha™) in 1% and 2" year, respectively. In both the years,
significantly lower CCS yield was obtained under 100% RDF (F;) (11.60 and 11.04 t
ha'). The higher cane yield as well as increased percentage of CCS under the
integrated supply of 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (Fy) resulted in higher sugar yield during both the
years. Umesh et al. (2013) also reported that the addition of organic nutrients in
combination with 100% RDF significantly improved the commercial cane sugar yield
than the inorganic fertilizers alone. Meena et al. (2018) also reported significant
improvement in CCS vyield (10.8 t ha™) due to application of FYM @ 10 t ha™ along
with biofertilizers (Azotobacter + PSB) @ 12.5 kg ha™ each) and inorganic fertilizers as
compared to 100% RDF alone. This is in conformity of earlier findings of Virdia and
Patel (2010).
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Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on commercial cane sugar (CCS) yield was found to be

non-significant during both the years.
4.4 Jaggery recovery (%) and jaggery yield (t ha™)
The data regarding jaggery recovery (%) and jaggery yield (t ha™) are

presented in Table 4.18 and corresponding analyses of variance are appended in
Appendix XVIII

4.4.1 Jaggery recovery (%o)
Effect of crop establishment techniques

The different crop establishment techniques did not influence the
recovery percentage of jaggery during both the years. Though non-significant,
comparatively higher percentage of jaggery (9.12 and 9.05 %) was recorded under the
planting of bud chip seedling at 120 cm x 60 cm (Ms3) followed by planting of bud chip
seedling at 90 cm x 60 cm (M) (9.08 and 8.81%) and conventional method of planting
(M,) (8.77 and 8.74%) in 1% and 2" year, respectively.

Effect of integrated nutrient management

The integrated nutrient management significantly influenced the
recovery percentage of jaggery in both the years. The integrated application of both
organic and inorganic sources of nutrients significantly increased the jaggery recovery
(%) over 100% RDF during both the years. Among the treatments, the application of
100% RDF + vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha (F,) recorded significantly higher jaggery recovery (9.24 and 9.12%) that was
at par with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs)
(9.22 and 9.10%), 75% RDF + FYM @ 5 t ha® + vermicompost @ 1 t ha™ + green
manuring of cowpea + bio-fertilizers @ 10 kg ha™* (F.) (8.98 and 8.90%) and 75% RDF
+FYM @ 5tha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (8.96
and 8.85%) during 2017-18 and 2018-19, respectively. Whereas, significantly lower
jaggery recovery of 8.56% in 1% year and 8.36% in 2" year were obtained under 100%
RDF (F1). The optimum supply of nutrients under integrated nutrient management
helped in more recovery of jaggery as compared to inorganic fertilizer alone.



Table 4.18. Effect of crop establishment techniques and integrated nutrient management on Jaggery recovery and jaggery yield of sugarcane

Treatments Jaggery recovery (%) Jaggery yield (tha™)
2017-18 |  2018-19 2017-18 | 2018-19

Crop establishment techniques (M)
M;:Conventional method 8.77 8.74 9.02 8.60
M,: Bud chip seedling at 90cm x 60 cm 9.08 8.81 9.86 9.28
Ms:Bud chip seedling at 120cm x 60 cm 9.12 9.05 11.23 10.74
SEmz 0.18 0.13 0.22 0.20
CD (P=0.05) NS NS 0.86 0.80
Integrated nutrient management (F)
Fi: 100% RDF 8.56 8.36 8.77 8.27
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 9.24 9.12 10.67 10.13
Fs: 100% RDF + EC @ 1 tha™ + GM 9.22 9.10 10.51 9.98
Fs: 75% RDF + FYM @ 5tha’ + VC @ 1 tha™ + GM + BF 8.98 8.90 10.18 9.68
@ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha’ + EC @ 1 tha™+ GM 8.96 8.85 10.10 9.58
SEmz+ 0.12 0.09 0.11 0.13
CD (P=0.05) 0.35 0.28 0.33 0.38
Interaction (M X F)
SEmz 0.21 0.17 0.20 0.24
CD (P=0.05) NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC: Enriched compost; BF: Biofertilizers;
SEmz: Standard error of mean; CD: Critical difference, NS: Non significant
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Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on jaggery recovery (%) was found to be non-

significant during both the years.
4.4.2 Jaggery yield (t ha™)
Effect of crop establishment techniques

The jaggery yield was greatly influenced by different crop establishment
techniques during both the years. Data presented in Table 4.18 clearly indicated that
among the crop establishment techniques, planting of bud chip seedling at 120 cm x 60
cm (Ms) recorded significantly higher jaggery yield (11.23 and 10.74 t ha™) over the
planting of bud chip seedling at 90 cm x 60 (M,) (9.86 and 9.28 t ha™) as well as
conventional method of planting (M) (9.02 and 8.60 t ha™) for 1% and 2™ vear,
respectively. But M; and M, were at par in effect during both the years. The significant
variation in cane yield and jaggery recovery (%) resulted in significant variation in
jaggery yield under different crop establishment techniques. The production of more
amount cane yield as well as jaggery recovery (%) under the planting of bud chip

seedling at 120 cm x 60 cm (M3) was responsible for production of more jaggery yield.
Effect of integrated nutrient management

The integrated nutrient management practices exhibited significant
variation in jaggery yield during both the years of experimentation. The application of
100% RDF + green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @
10 kg ha™ (F,) recorded significantly higher jaggery yield (10.67 and 10.13 t ha™) which
was at par with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F5) (10.51 and 9.98 t ha™), but superior to the treatments receiving 75% RDF + FYM
@ 5tha™ + vermicompost @ 1t ha + green manuring of cowpea + biofertilizers @ 10
kg ha™* (F4) (10.18 and 9.68 t ha™) and 75% RDF + FYM @ 5 t ha™ + enriched compost
@ 1t ha™ + green manuring of cowpea (Fs) (10.10 and 9.58 t ha™)) in 1 and 2" year,
respectively. Similarly, no significant difference between Fz and F, as well as F4 and Fs
was recorded during both the years. The higher cane yield coupled with more jaggery
recovery (%) under the integrated supply of organic sources of nutrients, biofertilizers
along with optimal dose of inorganic fertilizers was responsible for production of more
jaggery vyield. Shridevi and Chandrasekhar (2004) also reported significant increase in
jaggery vield due to integrated supply of 100% RDF + FYM @ 25 t ha™* + biofertilizers
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@ 10 kg ha™* each of Azospirillum and PSB + micronutrients (FeSO, and ZnSQO, each of
@ 25 kg ha) over 100% RDF.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management failed to exert any significant difference on jaggery
yield during both the years.

4.5 Plant analysis

The data pertaining to nitrogen (N), phosphorous (P) and potassium (K)
content in green top, cane stalk and trash and their uptake by different plant parts as
affected by different crop establishment techniques and integrated nutrient management
practices are presented in Table 4.19, 4.20 and 4.21 and their corresponding analyses of

variance are appended in Appendix XIX, XX, XXI.
4.5.1 Nitrogen (N) content (%) and uptake (kg ha™) by different plant parts

Irrespective of treatments, a wide range of variability in N content in
different plant parts of sugarcane was observed at the time of harvesting. In both the
years of investigation, the concentration of N in green top portion was found
comparatively more as compared to cane stalk and trash. While, the N uptake by cane
stalk was much higher as compared to uptake by cane stalk and trash.

4.5.1.1 N content in green top (%)
Effect of crop establishment techniques

Data regarding N content in green top was not affected by different crop
establishment techniques during both the years. Though non-significant, comparatively
higher N content in green top (0.98 and 0.95%) was recorded under the planting of bud
chip seedling at 120 cm x 60 cm (M3) followed by planting of bud chip seedling at 90
cm x 60 cm (M) (0.97 and 0.94%) and conventional method of planting (M;) (0.95 and
0.93%) in 1% and 2™ year, respectively.

Integrated nutrient management

The different integrated nutrient management practices significantly
influenced the N content in green top during both the years. The integrated supply of
100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™ (F») recorded significantly higher N content in green top of 0.98% in 2017-18
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and 0.96% in 2018-19, that were at par with the treatments receiving 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (0.98 and 0.95%), 75%
RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea + bio-
fertilizers @ 10 kg ha™ (Fs) (0.97 and 0.94 %) and 75% RDF + FYM @ 5t ha™ +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (Fs)
(0.97 and 0.94% ), but found superior to the application of 100% RDF (F;) (0.94 and
0.91 %) in 1% and 2" year, respectively.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on N content in green top was found non-significant

during both the years.
4.5.1.2 N content in cane stalk (%)
Effect of crop establishment techniques

The different crop establishment techniques did not show any significant
effect on N content in cane stalk during both the years. But, planting of bud chip
seedling at 120 cm x 60 cm (Ms3) recorded the similar values with the planting of bud
chip seedling at 90 cm x 60 cm (M) (0.46 and 0.45%) which was comparatively higher
than conventional method of planting (M3) (0.44 and 0.44 %) in 2017-18 and 2018-19,

respectively.
Integrated nutrient management

The N content in cane stalk was significantly influenced by different
integrated nutrient management practices during both the years. Significantly higher N
content in cane stalk of 0.47% in 2017-18 and 0.46% in 2018-19 were recorded under
the integrated supply of 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) which was at par with the treatments
comprised of 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) (0.46 and 0.45%), 75% RDF + FYM @ 5tha™ + vermicompost @ 1 t ha™ + green
manuring of cowpea + bio-fertilizers @ 10 kg ha™ (F4) (0.45 and 0.45%) and 75% RDF
+FYM @ 5t ha™ + enriched compost @ 1 t ha™* + green manuring of cowpea (Fs) (0.45
and 0.44%), but superior to 100% RDF (F1) (0.43 and 0.42%) in 2017-18 and 2018-19,

respectively.



Table 4.19. Effect of crop establishment techniques and integrated nutrient management on nitrogen content and its uptake by plant at

harvest of sugarcane

Treatments

Nitrogen content (%

Nitrogen uptake (kg ha™)

Green top Cane stalk Trash Green top Cane stalk Trash

2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19
Crop establishment techniques (M)
M;:Conventional method 0.95 0.93 0.44 0.44 0.51 0.48 42.45 39.44 136.74 | 131.52 4141 38.26
M,: Bud chip seedling at 90 cm x 60 0.97 0.94 0.46 0.45 0.51 0.49 45.56 41.78 147.68 | 142.44 | 44.12 40.82
cm
M3:Bud chip seedling at 120 cm x 60 0.98 0.95 0.46 0.45 0.52 0.50 47.95 44.18 172.32 | 167.07 49.19 45.18
cm
SEmz 0.02 0.02 0.02 0.01 0.01 0.01 0.62 0.68 3.25 2.84 1.21 1.06
CD (P=0.05) NS NS NS NS NS NS 2.44 2.70 12.80 11.16 4,73 4.16
Integrated nutrient management practices (F)
F,: 100% RDF 0.94 0.91 0.43 0.42 0.50 0.46 40.32 | 3858 | 136.18 | 128.93 | 42.30 | 36.16
F,: 100% RDF + VC @ 1t ha *+ GM 0.98 0.96 0.47 0.46 0.52 0.51 47.24 43.73 162.08 | 156.04 46.49 4457
+BF @ 10 kg ha*
Fs 100% RDF +EC @ 1that+GM | 0.98 0.95 0.46 0.45 0.52 0.51 46.84 | 4288 | 156.32 | 15250 | 46.02 | 43.98
F. 75% RDF + FYM @ 5tha*+VvC| 0.97 0.94 0.45 0.45 0.51 0.49 4638 | 4231 | 154.77 | 150.75 | 44.98 | 41.70
@ 1tha'+GM +BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha* + EC | 0.97 0.94 0.45 0.44 0.51 0.49 45.82 41.48 151.68 | 146.33 | 44.27 40.70
@ 1tha'+ GM
SEmzt 0.01 0.01 0.01 0.01 0.01 0.01 0.48 0.50 2.10 1.61 0.43 0.50
CD (P=0.05) 0.02 0.02 0.02 0.02 0.01 0.02 1.41 1.48 6.12 4.68 1.24 1.46
Interaction (M x F)
SEmzx 0.01 0.01 0.01 0.01 0.01 0.01 0.84 0.88 3.64 2.78 0.74 0.86
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: Green manuring; VC: Vermicompost; EC:

SEmz: Standard error of mean; CD: Critical difference, NS: Non significant

Enriched compost; BF: Biofertilizers;
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Interaction effect

The N content in cane stalk remained unaffected due to interaction
between crop establishment techniques and integrated nutrient management during both

the years.
4.5.1.3 N content in trash (%)
Effect of crop establishment techniques

Data in respect of N content in trash was not significantly influenced by
different crop establishment techniques during both the years. But, the planting of bud
chip seedling at 120 cm x 60 cm (M3) recorded comparatively higher N content in trash
(0.52 and 0.50 %) followed by planting of bud chip seedling at 90 cm x 60 cm (M)
(0.51 and 0.49%) and conventional method of planting (M) (0.51 and 0.48%) in 1% and

2" year, respectively.
Integrated nutrient management

Significant variation in N content in trash was recorded due to different
integrated nutrient management practices during both the years. The integrated supply
of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F,) recorded significantly higher N content in trash (0.52 and 0.51%)
which was at par with the treatments receiving 100% RDF + enriched compost @ 1 t
ha™ + green manuring of cowpea (F3) (0.52 and 0.51%) followed by application of 75%
RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™* + green manuring of cowpea + bio-
fertilizers @ 10 kg ha™ (F4) (0.51 and 0.49%) and 75% RDF + FYM @ 5 t ha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (0.51 and 0.49%) but
superior to the 100% RDF through inorganic fertilizers (F1) ( 0.50 and 0.46%) in 1% and

2" year, respectively.

Apart from nutrient supplied from inorganic sources, the slow and
adequate release of nutrients from the organic sources such as vermicompost, FYM,
enriched compost etc. might have helped in maintenance of higher concentration of
nutrients throughout the crop growing period under different integrated nutrient
management practices. Besides this, addition of biofertilizers like Azotobacter and
presence of microbes in enriched compost helped in production of some biochemical
substances such as protein, amino acids that increased the availability of nutrients to

crop under integrated nutrients management. The significant variation in nitrogen
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content in sugarcane due to different integrated nutrient management practices was also

reported by Soomro et al. (2013).
Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on N content in trash was found to be non-significant

during both the years.
4.5.1.1.1 N uptake by green top (kg ha™)
Effect of crop establishment techniques

Nitrogen (N) uptake by green top was significantly influenced by
different crop establishment techniques during both the years. Significantly higher N
uptake by green top was recorded under the planting of bud chip seedling at 120 cm X
60 cm (Ms) (47.95 and 44.18 kg ha™) which was at par with planting of bud chip
seedling at 90 cm x 60 cm (M,) (45.56 and 41.78 kg ha™) but superior to the
conventional method (M1) (42.45 and 39.44 kg ha™) during 2017-18 and 2018-19,
respectively. However, M, was superior to M; during 2017-18, while, it was at par with
M; during 2018-19. The variation in nitrogen content in green top portion and their dry
matter production under different crop established techniques resulted variable outcome

in nitrogen uptake during both the years.
Integrated nutrient management

The different integrated nutrient management treatments showed
significant difference in nitrogen (N) uptake by green top during both the years. The
integrated application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly higher N uptake (47.24
and 43.73 kg ha™) which was at par with treatments receiving 100% RDF + enriched
compost @ 1 t ha™ + green manuring of cowpea (F3) (46.84 and 42.88 kg ha™), 75%
RDF + FYM @ 5t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea+ bio-
fertilizers @ 10 kg ha™ (F4) (46.38 and 42.31 kg ha™), but superior to 75% RDF + FYM
@ 5tha™ + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (45.82 and
41.48 kg ha*) during 2017-18 and 2018-19, respectively. The lowest N uptake by green
top (40.32 kg ha™ during 2017-18 and 38.58 kg ha* during 2018-19) was recorded under
the treatment receiving 100% RDF.
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Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on N uptake by green top was found non-significant

during both the years.
4.5.1.1.2 N uptake by cane stalk (kg ha™)
Effect of crop establishment techniques

Nitrogen (N) uptake by cane stalk differed significantly by different crop
establishment techniques during both the years. The planting of bud chip seedling at 120
cm x 60 cm (Ms3) recorded significantly higher N uptake by cane stalk (172.32 and
167.07 kg ha™) as compared to the planting of bud chip seedling at 90 cm x 60 cm (M>)
(147.68 and 142.44 kg ha™) as well as conventional method (M) (136.74 and 131.52 kg

hal) in 1% and 2™ year, respectively.
Integrated nutrient management

Application of different integrated nutrient management practices
significantly influenced the nitrogen (N) uptake by cane stalk during both the years.
Significantly higher N uptake of 162.08 kg ha™ in 2017-18 and 156.04 kg ha™ in 2018-
19 were obtained under the application of 100% RDF + vermicompost @ 1 t ha™ +
green manuring of cowpea + biofertilizers @ 10 kg ha™ (F2) which was at par with
100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs3) (156.32
and 152.50 kg ha™), but superior to treatment receiving 75% RDF + FYM @ 5 t ha™ +
vermicompost @ 1 t ha® + green manuring of cowpea + bio-fertilizers @ 10 kg ha™
(F4) (154.77 and 150.75 kg ha™) and 75% RDF + FYM @ 5 t ha™ + enriched compost
@ 1t ha' + green manuring of cowpea (Fs) (151.68 and 146.33 kg ha™) in 1% and 2"
year, respectively. On other hand, significantly lower N uptake by cane stalk was
recorded under the treatment receiving 100% RDF (F;) (136.18 and 128.93 kg ha™) in
1% and 2" year, respectively.

Interaction effect

Nitrogen uptake by cane stalk remained unaffected due to interaction
effect between crop establishment techniques and integrated nutrient management

during both the years.
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4.5.1.1.1 N uptake by trash (kg ha™)

Effect of crop establishment techniques

Nitrogen uptake by trash was significantly influenced by different crop
establishment techniques during both the years. Planting of bud chip seedling at 120 cm
x 60 cm (Ms3) recorded the maximum N uptake by trash (49.19 and 45.18 kg ha™) which
was significantly higher than the planting of bud chip seedling at 90 cm x 60 cm (M)
(44.12 and 40.82 kg ha™) and conventional method (M;) (41.41 and 38.26 kg ha™)
during 2017-18 and 2018-19, respectively. But the effect of both M; and M, was at par
with each other during both the years.

The nutrient uptake by plant is directly related to dry matter production
as well as nutrient content in plants. The more dry matter production by different parts
viz., green top, cane stalk and trash due to more number of canes per unit area along
with increase in N content resulted in significant enhancement in N uptake by the
respective plant parts under the planting of bud chip seedling at 120 cm x 60 cm (M3).

Integrated nutrient management

The different integrated nutrient management treatments showed
significant variation in N uptake by trash during both the years. Among the treatments,
the integrated application of 100% RDF + vermicompost @ 1 t ha™ + green manuring
of cowpea + biofertilizers@ 10 kg ha™ (F,) recorded significantly higher N uptake by
trash (46.49 and 44.57 kg ha™) which was at par with treatment receiving 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (46.02 and 43.98 kg ha’
1), but found superior to the application of 75% RDF + FYM @ 5 t ha’ +
vermicompost @ 1t ha + green manuring of cowpea + bio-fertilizers @ 10 kg ha™
(F4) (44.98 and 41.70 kg ha™) and 75% RDF + FYM @ 5 t ha™* + enriched compost @ 1
t ha™ + green manuring of cowpea (Fs) (44.27 and 40.70 kg ha®) in 1% and 2" year,
respectively. Whereas, significantly lower values of 42.30 kg ha™ during 1% year and
36.16 kg ha* during 2™ year were obtained under 100% RDF. However, the effect of F3
was at par with F,4 during 2017-18, while significant difference between two treatments
was observed during 2018-19. Moreover, no significant difference was observed
between the treatments receiving different nutrient sources with 75% RDF i.e. F4 and Fs

during both the years.

The greater availability of nitrogen to the crop from different sources
increased the dry matter accumulation as well as nutrient content in different plant parts
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viz., green top, cane stalk and trash which might have helped in increase in N uptake by
plant under the treatment receiving 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers@ 10 kg ha™. Manimaran and Kalyanasundaram
(2006) also reported greater availability of nitrogen to plant as well as more nitrogen
uptake Dby plant through integration of inorganic nutrients, biofertilizers and green

manuring of sun hemp.
Interaction effect

No significant interaction effect between crop establishment techniques
and integrated nutrient management on N uptake by trash was found during both the

years.
4.5.2 Phosphorous (P) content (%) and uptake (kg ha™) by different plant parts
4.5.2.1 P content in green top (%)

Effect of crop establishment techniques

The different crop establishment techniques did not exhibit any
significant difference on P content in green top during both the years. Nevertheless, the
planting of bud chip seedling at 120 cm x 60 cm (M3) recorded comparatively higher P
content (0.088 and 0.086%) than planting of bud chip seedling at 90 cm x 60 cm (M)
(0.086 and 0.085%) and conventional method of planting (M;) (0.084 and 0.083%) in
2017-18 and 2018-19, respectively.

Integrated nutrient management

The phosphorous content in green top was not significantly influenced
by different integrated nutrient management practices during both the years. Yet,
comparatively higher P content in green top of 0.088% in 2017-18 and 0.087% in 2018-
19 was recorded due to application of 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) as compared to all other
treatments. Whereas, the treatment receiving 100% RDF (F;) recorded the minimum
values (0.084 and 0.082%) in 1% and 2" year, respectively.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on P content in green top was found non-significant

during both the years.



Table 4.20. Effect of crop establishment techniques and integrated nutrient management on phosphorous content and its uptake by plant at
harvest of sugarcane

Phosphorous content (%6) Phosphorous uptake (kg ha™)

Treatments Green top Cane stalk Trash Green top Cane stalk Trash

2017-18|2018-19| 2017-18 ‘ 2018-19 2017-18‘ 2018-19 |2017-18|2018-19| 2017-18 ‘ 2018-19 2017-18|2018-19

Crop establishment techniques (M)

Mj:Conventional method 0.084 | 0.083 0.078 0.077 0.076 0.075 3.75 3.52 24.24 23.11 6.18 5.98

M,: Bud chip seedlingat 90 cmx60cm | 0.086 | 0.085 | 0.079 0.078 0.077 0.076 4.04 3.78 25.36 24.88 6.66 6.33

Mj;:Bud chip seedling at 1220cmx 60 cm | 0.088 | 0.086 0.080 0.078 0.077 0.076 431 4.02 29.95 28.95 7.28 6.86

SEm+ 0.002 | 0.001 | 0.001 0.002 0.002 0.001 0.11 0.11 0.97 1.01 0.21 0.20
CD (P=0.05) NS NS NS NS NS NS 0.42 0.41 3.82 4.03 0.84 0.80
Integrated management Practices (F)

F.: 100% RDF 0.084 | 0.082 | 0.077 0.076 0.075 0.073 3.58 3.48 23.68 23.33 6.35 5.74

F,: 100% RDF + VC @ 1tha™*+GM+ | 0.088 | 0.087 | 0.081 | 0.079 | 0.078 0.077 424 | 396 | 2794 | 2680 | 697 | 6.73
BF @ 10 kg ha™

Fs: 100% RDF + EC @ 1 tha™ + GM 0.087 | 0.087 0.080 0.078 0.078 0.077 4.16 3.93 27.28 26.43 6.90 6.63

Fs 75% RDF + FYM @ 5tha® + VC @| 0.086 | 0.084 | 0.079 | 0.078 | 0.077 0.075 411 | 378 | 2717 | 2613 | 6.79 | 6.38
1tha'+ GM + BF @ 10 kg ha™

Fs: 75% RDF + FYM @ 5tha*+EC @ | 0.086 | 0.084 | 0.079 0.077 0.076 0.075 4.06 3.71 26.52 25.61 6.60 6.36
1tha'+ GM

SEm+ 0.001 | 0.001 | 0.001 0.001 0.001 0.001 0.06 0.09 0.51 0.56 0.16 0.14
CD (P=0.05) NS NS NS NS NS NS 0.18 0.25 1.48 1.67 0.47 0.42
Interaction (M x F)

SEm+ 0.002 | 0.001 | 0.001 0.002 0.002 0.001 0.11 0.15 0.88 0.98 0.27 0.25
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: green manuring; VC: vermicompost; EC: Enriched compost; BF: Biofertilizers; SEmz:
Standard error of mean; CD: Critical difference, NS: Non significant
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4.5.2.2 P content in cane stalk (%)

Effect of crop establishment techniques

The phosphorous content in cane stalk did not differ due to different crop
establishment techniques during both the years. But, planting of bud chip seedling at
120 cm x 60 cm (M3) recorded comparatively higher P content (0.080 and 0.078%) than
planting of bud chip seedling at 90 cm x 60 cm (M) (0.079 and 0.078%) and
conventional method of planting (M;) (0.078 and 0.077%) in 2017-18 and 2018-19,

respectively.
Integrated nutrient management

The different integrated nutrient management practices did not show any
significant effect on the P content in cane stalk during both the years. However, 100%
RDF + vermicompost @ 1 t ha™* + green manuring of cowpea + biofertilizers @ 10 kg
ha (F,) recorded comparatively higher P content (0.081 and 0.079) as compared to all
other treatments and the treatment receiving 100% RDF recorded the minimum P
content of 0.077% in 1% year and 0.076% in 2" year.

Interaction effect

No significant effect on P content in cane stalk was observed due the
interaction between crop establishment techniques and integrated nutrient management

during both the years.
4.5.2.2 P content in trash (%)
Effect of crop establishment techniques

The phosphorous content in trash was not significantly influenced by
different crop establishment techniques during both the years. But, the planting of bud
chip seedling at 120 cm x 60 cm (Ms) recorded the similar values (0.077 and 0.076%)
with the planting of bud chip seedling at 90 cm x 60 cm (M2) which was slightly higher
than conventional method of planting (M;) (0.076 and 0.075%) in 2017-18 and 2018-
19, respectively.

Integrated nutrient management

The phosphorous content in trash was not significantly affected due to
different integrated nutrient management practices during both the years. Yet, the

application of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
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biofertilizers @ 10 kg ha™ (F,) recorded the similar values (0.078 and 0.077%) with the
application of 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) during 1% and 2™ year, respectively which was comparatively higher than the rest
of the treatments. The treatment receiving 100% RDF (F;) recorded the minimum P
content of 0.075% in 1% year and 0.073% in 2" year.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on P content in trash was found non-significant during

both the years.
4.5.2.1.1 P uptake by green top (kg ha™)
Effect of crop establishment techniques

The different crop establishment techniques significantly affected the
phosphorous (P) uptake by green top during both the years. Significantly higher P
uptake of 4.31 kg ha™ during 2017-18 and 4.02 kg ha™* during 2018-19 were recorded
due to planting of bud chip seedling at 120 cm x 60 cm (M3) as compared to
conventional method (M) (3.75 and 3.52 kg ha™) but at par with planting of bud chip
seedling at 90 cm x 60 cm (M) (4.04 and 3.78 kg ha™) during 1% and 2" vear,
respectively. However, the effect of M; and M, was at par with each other during both

the years.
Effect of integrated nutrient management

Different integrated nutrient management practices significantly
influenced the phosphorous (P) uptake by green top during both the years. Application
of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F») recorded significantly higher phosphorous uptake by green top (4.24
and 3.96 kg ha™*) which was at par with application of 100% RDF + enriched compost
@ 1tha™ + green manuring of cowpea (Fs) (4.16 and 3.93 kg ha™), 75% RDF + FYM
@ 5 t ha + vermicompost @ 1 t ha™ + green manuring of cowpea + bio-fertilizers @
10 kg ha® (F4) (4.11 and 3.78 kg ha™) and 75% RDF + FYM @ 5t ha™ + enriched
compost @ 1 t ha™ + green manuring of cowpea (Fs) (4.06 and 3.71 kg ha™) in 1% and
2" year, respectively. The treatment receiving 100% RDF through inorganic fertilizers
(F.) registered the lowest phosphorous uptake of 3.58 kg ha™ in 1% year and 3.48 kg ha™

in 2" year.
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Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on P uptake by green top was found non-significant

during both the years.
4.5.2.1.2 P uptake by cane stalk (kg ha™)
Effect of crop establishment techniques

Phosphorous (P) uptake by cane stalk was significantly influenced by
different crop establishment techniques during both the years. The planting of bud chip
seedling at 120 cm x 60 cm (Ms) recorded significantly higher P uptake (29.95 and
28.95 kg ha™) as compared to planting of bud chip seedling at 90 cm x 60 cm (M,)
(25.36 and 24.88 kg ha™) and conventional method (M) (24.24 and 23.11 kg ha™)
during 2017-18 and 2018-19, respectively. But both M; and M, was at par with each

other in terms of P uptake by cane stalk during both the years.
Effect of integrated nutrient management

Various integrated nutrient management practices significantly
influenced the phosphorous (P) uptake by cane stalk during both the years. Application
of 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha™ (F,) registered significantly higher P uptake (27.94 and 26.80 kg ha™)
which was at par with all the treatments receiving both organic as well as inorganic
sources of nutrients viz., 100% RDF + enriched compost @ 1 t ha™ + green manuring of
cowpea (F3) (27.28 and 26.43 kg ha™), 75% RDF + FYM @ 5 t ha™ + vermicompost @
1 that + green manuring of cowpea + bio-fertilizers @ 10 kg ha™* (F4) (27.17 and 26.13
kg ha™) and 75% RDF + FYM @ 5t ha™ + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (26.52 and 25.61 kg ha®) in 1% and 2" year, respectively. On
the other hand, sole application inorganic fertilizers i.e. 100% RDF (F;) registered the
lowest P uptake of 23.68 kg ha™in 1% year and 23.33 kg ha™ in 2" year.

Interaction effect

No significant difference on P uptake by cane stalk was observed due to
interaction effect between crop establishment techniques and integrated nutrient

management during both the years.
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4.5.2.1.3 P uptake by trash (kg ha™)

Effect of crop establishment techniques

The different crop establishment techniques exerted significant variation
in phosphorous (P) uptake by trash during both the years. Significantly higher P uptake
of 7.28 kg ha™ during 2017-18 and 6.86 kg ha™ during 2018-19 were recorded under the
planting of bud chip seedling at 120 cm x 60 cm (M3) which was at par with planting of
bud chip seedling at 90 cm x 60 cm (M,) (6.66 and 6.33 kg ha™) but superior to the
conventional method (M) (6.18 and 5.98 kg ha™) in 1% and 2" vear, respectively.
Besides this, both M, and M; were at par with each other in terms of phosphorous
uptake by trash during both the years.

Effect of integrated nutrient management

Different integrated nutrient management practices significantly
influenced the P uptake by trash during both the years. Application of 100% RDF +
vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,)
recorded significantly higher amount of P uptake (6.97 and 6.73 kg ha™) that was at par
with all the treatments receiving different sources of nutrients viz., 100% RDF +
enriched compost @ 1 t ha™* + green manuring of cowpea (Fs) (6.90 and 6.63 kg ha™),
75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea +
bio-fertilizers @ 10 kg ha™ (F4) (6.79 and 6.38 kg ha™) and 75% RDF + FYM @ 5t
ha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (6.60 and 6.36 kg
ha®) in 1% and 2" year, respectively. But, the phosphorous uptake by trash under 100%
RDF through inorganic fertilizers (F1) (6.35 kg ha™ in 1 year and 5.74 kg ha™ in 2™
year) was at par with both F4 and Fs during 2017-18 and differed from each other during
2018-19. The variation in nutrient content in trash as well as their dry matter production

in individual year might be responsible for variable results.

Interaction effect
The interaction effect between crop establishment techniques and
integrated nutrient management on phosphorous (P) uptake by trash was found non-

significant during both the years.
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4.5.3 K content (%) and uptake (kg ha™) by different plant parts

4.5.3.1 K content in green top (%)
Effect of crop establishment techniques

Data on potassium content in green top revealed non-significant effect
due to different crop establishment techniques in both the years. But, planting of bud
chip seedling at 120 cm x 60 cm (M3) recorded comparatively higher K content (0.91
and 0.88%) than planting of bud chip seedling at 90 cm x 60 cm (M) (0.89 and 0.86 %)
and conventional method of planting (M1) (0.87and 0.84%) in 1% and 2" vear,

respectively.
Effect of integrated nutrient management

Potassium content in green top was not significantly influenced by
different integrated nutrient management during both the years. Yet, the treatments
comprised of different integrated nutrient sources recorded comparatively higher K
content in green top as compared to 100% RDF (F;) during both the years. Among the
treatments, 100% RDF + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F,) recorded comparatively higher K content of 0.91% in
2017-18 and 0.88% in 2018-19 than all other treatments. The treatment receiving 100%
RDF (F,) registered the lowest K content of 0.87% in 1% year and 0.84% in 2" year.

Interaction effect

No significant interaction effect was found between crop establishment
techniques and integrated nutrient management on K content in green top during both

the years.
4.5.3.2 K content in cane stalk (%0)
Effect of crop establishment techniques

The potassium content in cane stalk remained unaffected due to different
crop establishment techniques in both the years. Nevertheless, planting of bud chip
seedling at 120 cm x 60 cm (Ms3) recorded similar values with the planting of bud chip
seedling at 90 cm x 60 cm (M) (0.58 and 0.57%) which was comparatively higher than
conventional method of planting (M;) (0.57and 0.56%) in 1% and 2" year, respectively.



Table 4.21. Effect of crop establishment techniques and integrated nutrient management on potassium content and its uptake by plant at
harvest

Potassium content (%0) Potassium uptake (kg/ha)

Treatments Green top Cane stalk Trash Green top Cane stalk Trash

2017-18 | 2018-19 | 2017-18 ‘ 2018-19 | 2017-18 ‘ 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 ‘ 2018-19

Crop establishment technique (M)

Mj:Conventional method 0.87 0.84 0.57 0.56 0.33 0.32 38.88 | 3558 | 177.14 | 172.67 | 26.86 | 25.36

My,: Bud chip seedling at 90 cm x 60 cm 0.89 0.86 0.58 0.57 0.34 0.33 41.80 38.21 | 190.22 | 186.77 | 29.31 27.48

Mj3:Bud chip seedling at 1220cmx60cm | 0.91 0.88 0.58 0.57 0.34 0.33 4451 | 4092 | 214.27 | 20584 | 32.16 29.80

SEm+ 0.02 0.03 0.02 0.02 0.02 0.01 1.07 1.03 4.32 441 0.84 0.74
CD (P=0.05) NS NS NS NS NS NS 4.17 4.02 16.98 17.32 3.28 2.90
Integrated nutrient management practices (F)

F.: 100% RDF 0.87 0.84 0.55 0.54 0.32 0.31 37.29 | 35.61 | 173.78 | 165.76 | 27.04 | 24.37

F,: 100% RDF +VC @ 1tha*+GM+ | 091 0.88 0.59 0.59 0.35 0.34 | 43.87 | 40.09 | 204.46 | 199.32 | 31.29 | 29.72
BF @ 10 kg ha™

F3: 100% RDF + EC @ 1 tha'+ GM 0.90 0.87 0.59 0.58 0.35 0.33 43.02 39.27 | 201.77 | 197.85 | 30.98 28.61

F.; 75% RDF + FYM @ 5tha*+VC @ | 0.89 0.86 0.58 0.57 0.34 0.33 | 4255 | 38.71 | 195.68 | 190.95 | 29.63 | 27.88
1tha'+ GM + BF @ 10 kg ha™

Fs: 75% RDF+FYM @ 5tha+EC@ | 0.88 0.85 0.57 0.56 0.33 0.32 4190 | 3751 | 193.88 | 187.52 | 28.26 | 27.14
1tha'+ GM

SEmz 0.01 0.01 0.01 0.01 0.01 0.01 0.63 0.70 2.38 2.20 0.39 0.46
CD (P=0.05) NS NS 0.02 0.02 NS NS 1.85 2.05 6.94 6.41 1.13 1.34
Interaction (M x F)

SEmz 0.02 0.02 NS 0.01 0.01 0.01 1.10 1.22 4.12 3.80 0.67 0.80
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: green manuring; VC: vermicompost; EC: Enriched compost; BF: Biofertilizers; SEmx:
Standard error of mean; CD: Critical difference, NS: Non significant
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Effect of integrated nutrient management

Application of different integrated nutrient management practices
significantly influenced the potassium content in cane stalk during both the years.
Among the treatments, the integrated supply of 100% RDF + vermicompost @ 1t ha™
+ green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly
higher K content (0.59 and 0.59%) which was at par with the treatments receiving 100%
RDF + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) (0.59 and 0.58%),
75% RDF + FYM @ 5t ha! + vermicompost @ 1 t ha™* + green manuring of cowpea+
bio-fertilizers @ 10 kg ha™ (F,) (0.58 and 0.57%) and 75% RDF + FYM @ 5t ha™ +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (0.57 and 0.56%) during
2017-18, but at par with F3 and F4 only during 2018-19. Whereas, the K content in cane
stalk under 100% RDF (F) recorded the lowest values (0.55 and 0.54%) which was at
par with the treatment receiving 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t
ha* + green manuring of cowpea (Fs) in 1% and 2" year, respectively.

Interaction effect

No significant interaction effect on K content in cane stalk was observed
between crop establishment techniques and integrated nutrient management during both
the years.

4.5.3.1 K content in trash (%)
Effect of crop establishment techniques

The different crop establishment techniques did not exert any significant
effect on K content in trash during both the years. Although, planting of bud chip
seedling at 120 cm x 60 cm (M3) recorded similar values (0.34 and 0.33%) with the
planting of bud chip seedling at 90 cm x 60 cm (M) which was comparatively higher

than conventional method (M) (0.33 and 0.32%) in 1% and 2" year, respectively.
Effect of integrated nutrient management

Application of various integrated nutrient management practices failed to
reveal any significant effect on K content in trash during both the years. All the
treatments comprised of integrated nutrient sources recorded comparatively higher K
content in trash as compared to sole inorganic fertilizers. The application of 100% RDF
+ green manuring of cowpea + vermicompost @1 t ha™ + biofertilizers @ 10 kg ha™

(F2) recorded comparatively higher values (0.35 and 0.34%) than rest of the treatments
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during both the years. The lowest K content in trash (0.32 and 0.31%) was obtained
under the treatment receiving 100% RDF (F;) during both the years.

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management on potassium (K) content in trash was found to be non-

significant during both the years.
4.5.3.1.1 Potassium (K) uptake by green top (kg ha™)
Effect of crop establishment techniques

The potassium uptake by green top was significantly affected due to
different crop establishment techniques in both the years. Significantly higher K uptake
by green top (44.51 and 40.92 kg ha™) was recorded under the planting of bud chip
seedling at 120 cm x 60 cm (M3) which was at par with planting of bud chip seedling at
90 cm x 60 cm (M) (41.80 and 38.21 kg ha™), but superior to the conventional method
(M,) (38.88 and 35.58 kg ha®) in 1% and 2" year, respectively. However, the effect of
M; and M, was at par in terms of K uptake by green top during both the years.

Effect of integrated nutrient management

The integrated nutrient management practices significantly influenced
the potassium uptake by green top in both the years. The integrated supply of 100%
RDF + green manuring of cowpea + vermicompost @ 1 t ha™* + biofertilizers @ 10 kg
ha™ (F,) recorded significantly higher K uptake (43.87 and 40.09 kg ha™) which was at
par with the treatments receiving 100 % RDF + green manuring of cowpea + enriched
compost @ 1t ha™ (Fs) (43.02 and 39.27 kg ha') and 75% RDF + FYM @ 5 t ha™* +
green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (Fs)
(42.55 and 38.71 kg hal), but significantly higher over the treatment receiving 75%
RDF + FYM @ 5t ha™ + green manuring of cowpea + enriched compost @ 1 t ha™ (Fs)
(41.90 and 37.51 kg ha®) during 2017-18 and 2018-19, respectively. But, F3, F4and Fs
did not differ from each other during both the years. Whereas, the lowest values of
37.29 kg ha™* during 2017-18 and 35.61 kg ha™ during 2018-19 were obtained under the
application of 100% RDF.
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Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management failed to reveal any significant effect on K uptake by green top

during both the years.
4.5.3.1.1 Potassium (K) uptake by cane stalk (kg ha™)
Effect of crop establishment techniques

The potassium uptake by cane stalk significantly differed due to different
crop establishment techniques in both the years. Planting of bud chip seedling at 120 cm
x 60 cm (Ms) recorded significantly higher K uptake (214.27 and 205.84 kg ha™) as
compared to planting of bud chip seedling at 90 cm x 60 cm (M) (190.22 and 186.77
kg ha*) and conventional method (M,) (177.14 and 172.67 kg ha™) during 2017-18 and
2018-19, respectively. But, the effect of M; and M, was at par in terms of K uptake by
cane stalk during both the years.

Effect of integrated nutrient management

The different integrated nutrient management practices showed
significant variation in potassium uptake by cane stalk in both the years. The integrated
supply of 100% RDF + green manuring of cowpea + vermicompost @ 1 t ha™ +
biofertilizers @ 10 kg ha™ (F,) recorded significantly higher K uptake (204.46 and
199.32 kg ha™) which was at par with 100 % RDF + green manuring of cowpea +
enriched compost @ 1 t ha™ (F3) (201.77 and 197.85 kg ha™), but found to be superior
to the application of 75% RDF + FYM @ 5 t ha' + green manuring of cowpea +
vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (F4) (195.68 and 190.95 kg ha™)
and 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched compost @ 1
tha (Fs) (193.88 and 187.52 kg ha™) during 2017-18 and 2018-19 respectively. But Fs
was also superior over F4 and Fs during 2018-19, while at par with F4 during 2017-18.
both the years, significantly lower uptake of K in cane stalk (173.78 and 165.76 kg ha™)
was obtained under 100% RDF (F,).

Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management practices failed to reveal any significant effect on K uptake by

cane stalk during both the years.
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4.5.3.1.1 Potassium (K) uptake by trash (kg ha™)

Effect of crop establishment techniques

The potassium uptake by trash was significantly influenced by different
integrated nutrient management practices in both the years. The planting of bud chip
seedling at 120 cm x 60 cm (Ms) recorded significantly higher K uptake (32.16 and
29.80 kg ha) than the conventional method (M) (26.86 and 25.36 kg ha™) which was
at par with planting of bud chip seedling at 90 cm x 60 cm (M,) (29.31 and 27.48 kg
ha) during 2017-18 and 2018-19, respectively. But, the effect of M; and M, was found
to be at par in terms of K uptake by trash during both the years.

Experimental findings clearly revealed that different crop establishment
techniques resulted in variation in K uptake by different plant parts (cane stalk, green
top and trash) in both the years. The significant variation in terms of dry matter
production by cane stalk, green top and trash resulted in significant variation in nutrient
uptake under different crop establishment techniques. The production of more plant
biomass and higher K content in different plant parts under the planting of bud chip
seedling at 120 cm x 60 cm (M3) resulted in significantly higher K uptake as compared

to other crop establishment techniques.
Effect of integrated nutrient management

The integrated nutrient management practices significantly influenced
the potassium uptake by trash in both the years. Significantly higher K uptake by trash
was also obtained under the integrated supply of 100% RDF + green manuring of
cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (F,) (31.29 kg ha™,
29.72 kg ha™) which was at par with the treatments receiving 100 % RDF + green
manuring of cowpea + enriched compost @ 1 t ha™ (Fs) (30.98 and 28.61 kg ha™), but
significantly superior to the application of 75% RDF + FYM @ 5 t ha® + green
manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (F) (29.63
and 27.88 kg ha™) and 75% RDF + FYM @ 5t ha™ + green manuring of cowpea +
vermicompost @ 1 t ha™* + biofertilizers @ 10 kg ha™ (Fs) (28.26 and 27.14 kg ha) in
1% and 2" year, respectively. But, both F5 and F4 were at par in effect during 2018-19.
Besides this, no significant difference was observed between F, and Fs during both the
years. But, all the treatments comprised of different sources of nutrients were found to
be superior t0100% RDF (F;) (27.04 and 24.37 kg ha™) in both the years. This might be
due to higher amount of K release under the integration of organic sources of nutrients
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along with optimal dose of inorganic fertilizer (100% RDF) as compared to sub-optimal
dose (75%). Significantly higher amount of K uptake due to incorporation of green
manuring crop along with 100% RDF was also reported by More et al. (2009).

The significant variation in nitrogen, phosphorous and potassium uptake
by green top, cane stalk, and trash was ascribed due to significant variation in dry matter
production as well as more nutrient content under different integrated nutrient
management practices. Irrespective of treatments, the N, P and K uptake by the cane
stalk was comparatively more than that of trash and green top. The higher amount of
nutrients uptake by cane stalk was associated with high dry mater production by the
cane stalk as compared to trash and green top. The release of more NPK coupled with
better growth as well as yield might be responsible for more NPK uptake by different
plant parts under integrated nutrient management as compared to 100% RDF. The more
nutrients uptake due to integration of FYM and biofertilizers along with 100% RDF
over 100% RDF were also reported by Saini et al. (2006) and Kumar et al. (2015).
Lakshmi et al. (2011) also reported that irrespective of their sources, the combined
application of inorganic and organic nutrients reported significant increase in NPK
uptake over 100% RDF.

Interaction effect

Potassium uptake by trash remained unaffected due to interaction effect
between crop establishment techniques and integrated nutrient management during both

the years.

4.6 Total nutrient uptake by plant (N, P and K) (kg ha™)

The data pertaining to total nutrient uptake by plant as affected by
different crop establishment techniques and integrated nutrient management practices
are presented in Table 4.22 and their corresponding analyses of variance are appended
in Appendix XXII.

4.6.4.1 Total nitrogen uptake by plant (kg ha™)

Effect of crop establishment techniques

The total nitrogen (N) uptake of sugarcane plant differed significantly
due to different crop establishment techniques during both the years. Planting of bud

chip seedling at 120 cm x 60 cm (M3) recorded significantly higher total N uptake
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(269.46 and 256.57 kg ha™) over the planting of bud chip seedling at 90 cm x 60 cm
(M) (237.26 and 224.84 kg ha™) as well as conventional method of planting (M)
(220.46 and 209.22 kg ha) during 2017-18 and 2018-19, respectively.

Effect of integrated nutrient management

Application of different integrated nutrient management practices
revealed significant variations on total nitrogen (N) uptake by plant during both the
years. The integration of 100% RDF + green manuring of cowpea + vermicompost @ 1
t ha® + biofertilizers @ 10 kg ha™ (F,) recorded significantly higher total N uptake
(255.81 and 244.34 kg ha™) which was at par with the application of 100 % RDF +
green manuring of cowpea + enriched compost @ 1 t ha™ (Fs) (249.18 and 239.29 kg
ha™), but found to be superior to the treatments viz., 75% RDF + FYM @ 5 t ha™* +
green manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (Fs)
(246.13 and 234.76 kg ha™) and 75% RDF + FYM @ 5 t ha™* + green manuring of
cowpea + enriched compost @ 1 t ha™* (Fs) (241.87 and 228.51 kg ha) in 1% and 2"
year, respectively. But F3 and F4 as well as F, and Fs was at par with each other during
both the years. All the treatments comprised of integrated nutrient management
recorded significantly higher values as compared to 100% RDF (218.80 and 203.67 kg
ha') in 1% and 2™ year, respectively

Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management failed to reveal any significant effect on total nitrogen uptake
during both the years of investigation.

4.6.4.2 Total phosphorous (P) uptake by plant (kg ha™)
Effect of crop establishment techniques

The total phosphorous uptake by plant differed significantly due to
different crop establishment techniques during both the years. Planting of bud chip
seedling at 120 cm x 60 cm (M3) recorded significantly higher uptake (41.54 and 39.67
kg ha™) which was found to be superior to the planting of bud chip seedling at 90 cm x
60 cm (M.) (36.06 and 35.44 kg ha™) as well as conventional method of planting (M,)
(34.17 and 33.62 kg ha™) during 2017-18 and 2018-19, respectively.



Table 4.22. Effect of crop establishment techniques and integrated nutrient management on total nutrient uptake by plant at harvest of

sugarcane
Treatments Nitrogen Phosphorous Potassium
(kg ha) (kg ha) (kg ha™)

2017-18 |  2018-19 2017-18 | 201819 | 2017-18 |  2018-19
Crop establishment techniques (M)
M;:Conventional method 220.46 209.22 34.17 33.62 242.88 233.61
M,: Bud chip seedling at 90 cm x 60 cm 237.26 224.84 36.06 35.44 261.33 252.46
M3:Bud chip seedling at 120 cm x 60 cm 269.46 256.57 41.54 39.67 290.94 276.56
SEm+ 7.71 7.80 1.08 0.98 4.90 5.80
CD (P=0.05) 30.29 30.62 4.27 3.77 19.25 22.76
Integrated nutrient management practices (F)
F;: 100% RDF 218.80 203.67 33.61 32.98 238.11 225.74
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 255.81 244.34 39.15 37.91 279.62 269.13
Fs: 100% RDF + EC @ 1 tha™ + GM 249.18 239.29 38.34 37.04 275.77 265.73
Fs: 75% RDF + FYM @ 5tha” + VC @ 1tha™ + GM + BF 246.13 234.76 38.07 36.73 267.86 257.54
@ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha™+ GM 241.87 228.51 37.18 36.34 264.04 253.17
SEmz+ 2.29 2.58 0.51 0.43 1.86 1.97
CD (P=0.05) 6.67 7.52 1.48 1.26 5.42 5.76
Interaction (M x F)
SEm+ 3.96 4.46 0.88 0.75 3.22 3.42
CD (P=0.05) NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: green manuring; VC: vermicompost; EC: Enriched compost; BF: Biofertilizers; SEm+:
Standard error of mean; CD: Critical difference, NS: Non significant
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Effect of integrated nutrient management

The various integrated nutrient management practices revealed
significant differences on total phosphorous uptake by plant during both the years. The
application of 100% RDF + green manuring of cowpea + vermicompost @ 1 t ha™ +
biofertilizers @ 10 kg ha™ (F,) recorded significantly higher P uptake (39.15 and 37.91
kg ha™) which was at par with 100 % RDF + green manuring of cowpea + enriched
compost @ 1 t ha™ (F3) (38.34 and 37.04 kg ha®), 75% RDF+ FYM @ 5 t ha™* + green
manuring of cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (Fs) (38.07
and 36.73 kg ha™), but superior to 75% RDF + FYM @ 5 t ha™ + green manuring of
cowpea + enriched compost @ 1 t ha™ (Fs) (37.18 and 36.34 kg ha™ ) during 2017-18
and 2018-19, respectively. However, F3 was at par with F4 and Fs in both the years. All
the above treatments resulted significantly higher total P uptake as compared to 100%
RDF (33.61 and 32.98 kg ha™) during both the years.

Interaction effect

No significant difference in total phosphorous uptake was observed due
to interaction between crop establishment techniques and integrated nutrient

management during both the years.
4.6.4.2 Total potassium uptake by plant (kg ha™)
Effect of crop establishment techniques

The total potassium uptake by plant differed significantly due to different
crop establishment techniques during both the years. The planting of bud chip seedling
at 120 cm x 60 cm (Ms) recorded significantly higher total K uptake by plant (290.94
and 276.56 kg ha™) over the planting of bud chip seedling at 90 cm x 60 cm (M,)
(261.33 and 252.46 kg ha™) as well as conventional method of planting (M;) (242.88
and 233.61 kg ha) during 2017-18 and 2018-19, respectively. However, both M; and

M were found to be at par with each other during both the years.

The higher uptake of N, P and K by cane stalk, green top as well as trash
resulted in significant increase of total nutrient uptake under the planting of bud chip
seedling at 120 cm x 60 cm (M3).

Effect of integrated nutrient management

During both the years of experimentation, various integrated nutrient

management practices exhibited significant differences on total potassium uptake by
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plant. The integrated application of 100% RDF + green manuring of cowpea +
vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (F») recorded significantly higher
K uptake (279.62 and 269.13 kg ha™) which was at par with 100 % RDF + green
manuring of cowpea + enriched compost @ 1 t ha™ (Fs) (275.77 and 265.73 kg ha), but
significantly superior to the treatments receiving 75% RDF + green manuring of
cowpea + vermicompost @ 1 t ha™ + biofertilizers @ 10 kg ha™ (F4) (267.86 and 257.54
kg ha) and 75% RDF + FYM @ 5 t ha™ + green manuring of cowpea + enriched
compost @ 1t ha™* (Fs) (264.04 and 253.17 kg ha®) during 1% and 2" year, respectively.
No significant difference between F; and Fs was observed in respect of total K uptake
during both years. But, all the above treatments were found to be significantly higher
over the treatment receiving 100% RDF (F1) (238.11 kg ha™ in 2017-18 and 225.74 kg
ha™ in 2018-19).

The nutrient uptake by plant was mainly governed by the amount of dry
biomass production as well as nutrient status of the crop. Significantly higher uptake of
total N, P and K by the crop under the integrated supply of both organic and inorganic
sources of nutrients might be due to better biomass production and higher nutrient
concentration in plants. Kumar et al. (2017) also reported significant increase in total N,
P and K uptake due to integration of FYM @ 10 t ha™ and biofertilizers along with
100% RDF as compared to sole application of 100% RDF.

Interaction effect

The interaction between crop establishment techniques and integrated
nutrient management failed to exert any significant effect on total potassium uptake

during both the years of investigation.
4.7 Post harvest soil analysis

Data in respect of post harvest soil analysis that includes soil pH, soil
organic carbon (%), soil microbial population and nutrient status as influenced by crop
establishment techniques and integrated nutrient management are presented in Table

4.23 and 4.24 and their analyses of variance is presented in Annexure XXIII and XXIV.
4.7.1 Soil pH
Effect of crop establishment techniques

No significant difference in soil pH was observed due to different crop

establishment techniques during both the years of investigation.
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Effect of integrated nutrient management

The integrated nutrient management practices did not show any
significant difference in soil pH during both the years of investigation. Baneerje et al.
(2018) also reported that the soil pH remain unaffected due to different integrated

nutrient management practices in sugarcane.
Interaction effect

Soil pH during both the years of investigation remained unaffected due
to interaction effect between crop establishment techniques and integrated nutrient

management.
4.7.2 Soil organic carbon (%)
Effect of crop establishment techniques

The soil organic carbon (%) did not differ from each other due to

different crop establishment techniques in both the years.
Effect of integrated nutrient management

The soil organic carbon was significantly influenced by different
integrated nutrient management practices during both the years. The addition of
different sources of nutrients along with inorganic fertilizers recorded significantly
higher organic soil carbon than the sole application of 100% RDF (F;) during both the
years of investigation. The application of 75% RDF + FYM @ 5 t ha™ + vermicompost
@ 1t ha® + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F4) recorded
significantly higher organic carbon (0.85 and 0.84%) which was at par with 75% RDF +
FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (0.83
and 0.82%), but found to be superior to the application of 100% RDF + vermicompost
@ 1t ha’ + green manuring of cowpea+ biofertilizers @ 10 kg ha™ (F,) (0.82 and
0.80%) and 100 % RDF+ enriched compost @ 1t ha™ + green manuring of cowpea
(F3) (0.80 and 0.78%) during 1% and 2" year, respectively. However, F, Fsand Fs were
at par with each other during both the years.

The significant increase in organic carbon under the integrated
application of nutrient management (F4;) was due to the addition of more amount of
organic matter through addition of animal manure, vermicompost, biofertilizers and
green manuring to the crop. Jha et al. (2019) also reported a considerable reduction

in soil organic matter due to application of 100% RDF as compared to integrated



Table 4.23. Effect of crop establishment techniques and integrated nutrient management on soil properties and microbial population at
harvest of sugarcane

Treatments Soil pH Organic carbon Fungal population Bacterial population
(%) (10™*cfu g™* soil) (10%*cfu g™ soil)
2017-18 | 2018-19 2017-18 ‘ 2018-19 | 2017-18 ‘ 2018-19 2017-18 | 2018-19
Crop establishment techniques (M)
M;:Conventional method 5.39 5.43 0.80 0.78 5.18 5.12 6.06 6.01
M,: Bud chip seedling at 90 cm x 60 cm 541 5.45 0.80 0.79 5.22 5.16 6.11 6.03
Ms:Bud chip seedling at 120 cm x 60 cm 5.40 5.44 0.81 0.79 5.20 5.15 6.10 6.05
SEm+ 0.06 0.07 0.01 0.01 0.09 0.08 0.09 0.10
CD (P=0.05) NS NS NS NS NS NS NS NS
Integrated nutrient management practices (F)
F.: 100% RDF 5.44 5.46 0.73 0.71 4,71 4.62 4.94 4.85
F2:1100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg 5.42 5.45 0.82 0.80 5.23 5.19 6.32 6.24
ha”
Fs: 100% RDF + EC @ 1tha™ + GM 5.41 5.44 0.80 0.78 521 5.16 6.26 6.22
F,;: 75% RDF + FYM @ 5tha™ + VC @ 1tha™ + GM 5.37 5.43 0.85 0.84 5.44 5.38 6.51 6.45
+BF @ 10 kg ha™
Fs: 75% RDF + FYM @ 5tha™ + EC @ 1t ha'+ GM 5.35 5.41 0.83 0.82 5.41 5.36 6.44 6.40
SEm+ 0.02 0.03 0.01 0.01 0.07 0.05 0.06 0.07
CD (P=0.05) NS NS 0.02 0.02 0.19 0.16 0.18 0.19
Interaction (M x F)
SEm+ 0.03 0.05 0.01 0.01 0.11 0.09 0.11 0.12
CD (P=0.05) NS NS NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: green manuring; VC: vermicompost; EC: Enriched compost; BF: Biofertilizers; SEm+:
Standard error of mean; CD: Ciritical difference, NS: Non significant
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application of both organic and inorganic fertilizers. Many researchers reported
improvement in soil organic carbon due to application of animal manure, green manure,
FYM, biofertilizers etc. (Parham et al., 2002; Saviozzi et al., 2002; Sharma et al. 2006;
Lakshmi et al., 2011 and Kumar and Chand, 2013).

4.7.3 Soil microbial population
4.7.3.1 Fungal population (10**cfu g™ soil)
Effect of crop establishment techniques

The different crop establishment techniques did not affect the fungal

population in soil after harvest of sugarcane during both the years.
Effect of integrated nutrient management

The fungal population determined after harvesting of crop was
significantly influenced by different integrated nutrient management practices during
both the years. All the integrated nutrient management practices produced significantly
higher fungal population as compared to 100% RDF (F;). The integrated application of
75% RDF + FYM @ 5 t ha™ + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F.) recorded significantly higher number of fungal
population (5.44 and 5.38 x10**cfu g’ soil) which was at par with the integrated
application of 75% RDF + FYM @ 5 t ha™ + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (5.41 and 5.36 x 10**cfu g’ soil), but superior to the
treatments receiving 100% RDF + vermicompost @ 1 t ha™® + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) (5.23 and 5.19 x 10**cfu g™ soil) and 100 %
RDF + FYM @ 1 tha® + enriched compost @ 1 t ha™+ green manuring of cowpea (Fs)
(5.21 and 5.16 x 10**cfu g™ soil ) during 1% and 2™ year, respectively. No significant
difference was observed between F;, and F3 in respect of fungal population in soil during

both the years.
Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management did not show any significant difference in fungal

population during both the years of investigation.
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4.7.3.2 Bacterial population (10%*cfu g™ soil)

Effect of crop establishment techniques

Bacterial population after harvest of sugarcane remained unaffected due

to different crop establishment techniques during both the years.
Effect of integrated nutrient management

The effect of integrated nutrient management on bacterial population was
found to be significant during both the years. The integrated application of 75% RDF +
FYM @ 1tha™+ vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers
@ 10 kg ha (F4) recorded significantly higher bacterial population (6.51 and 6.45
10%*cfu g™ soil) as compared to 100% RDF + vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) (6.32 and 6.24 x 10°*cfu g™ soil)
and 100 % RDF + green manuring of cowpea + enriched compost @ 1 t ha™ (Fs) (6.26
and 6.22 x 10°*cfu g* soil) but found to be at par with 75 % RDF + FYM @ 1t ha’ +
enriched compost @ 1t ha™ @ 1 t ha™ + green manuring of cowpea (Fs) (6.44 and 6.40
x 10%*cfu g™ soil) during 1 and 2" year, respectively. The effect of F,, Fs, and Fs was
at par with each other in regards to the bacterial population during both the years. The
least bacterial population was recorded under 100% RDF (F;) (4.94 x10° *cfu g™* soil in
1% year and 4.85 x10°*cfu g™ soil in 2" year).

The integration of organic sources with 75% RDF improved the soil
microbial status as compared to integration with 100% RDF. The reduced application of
inorganic N and P fertilizers might have stimulated higher phosphatase and urease
activity to release more nutrients for microbial utilization for increasing their
multiplication. Kumar et al. (2015) also reported higher microbial population with the

application of bio-fertilizer along with 75% RDF than NPK alone.
Interaction effect

No significant interaction effect was observed between crop
establishments techniques and integrated nutrient management in respect of bacterial

population during both the years of investigation.
4.7.4 Soil nutrient status at harvest

Data pertaining to post harvest soil nutrient status such available N, P,0s
and K,O are presented in Table 4.24 and their analyses of variance are presented in
Annexure XIV.
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4.7.4.1 Available nitrogen (N) content in soil (kg ha™)

Effect of crop establishment techniques

The available N content in soil was not significantly influenced by

different crop establishment techniques during both the years.
Effect of integrated nutrient management

Application of different integrated nutrient management practices
significantly influenced the available N content in soil during both the years. The
integration of chemical fertilizers along with different sources of nutrients significantly
increased the soil available nitrogen after harvesting of crop as compared to sole
application of inorganic fertilizers. Though the application of 75% RDF + FYM @ 1t
ha™' + vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
ha™ (F4) recorded significantly higher amount of available N (249.43 and 247.76 kg
ha') but was at par with 75% RDF + FYM @ 1 t ha™ + enriched compost @ 1t ha™ @
1 t ha™ + green manuring of cowpea (Fs) (247.84 and 243.73 kg ha™), 100% RDF +
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F»)
(246.52 and 242.75 kg ha) and 100 % RDF + enriched compost @ 1 t ha™ + green
manuring of cowpea (Fs) (245.60 and 241.48 kg ha') during 1% and 2" year,
respectively. All of them were found superior to the application of 100% RDF (F;)
(224.96 kg ha™in 1% year and 220.83 kg ha* in 2" year).

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management did not show any difference on available N content in

soil during both the years of investigation.
4.7.4.2 Available phosphorous (P,Os) content in soil (kg ha™)
Effect of crop establishment techniques

The available phosphorous content in soil was not significantly
influenced by different crop establishment techniques during both the years.

Effect of integrated nutrient management

The available phosphorous content was significantly influenced by
different integrated nutrient management practices during both the years. The treatments

comprised of integrated nutrient management significantly increased the soil available
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P,Os after harvesting of crop as compared to sole application of inorganic fertilizer
100% RDF (F1) during both the years. The application of 75% RDF + FYM @ 1t ha™
+ vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg ha™
(F4) recorded the higher amount of available P,Os (21.37 and 21.14 kg ha™) followed
by 75% RDF + FYM @ 1 t ha™ + enriched compost @ 1 t ha™ + green manuring of
cowpea (Fs) (20.94 and 21.02 kg ha*), 100% RDF + vermicompost @ 1 t ha™* + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) (20.98 and 20.48 kg ha™) and
100 % RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (F3) (20.75 and
20.33 kg ha®) during 1% and 2" year, respectively. All of them were at par with each
other, but significantly higher than the application of 100% RDF (F;) (18.38 kg ha™ in
1% year and 17.72 kg ha* in 2" year).

Interaction effect

The interaction effect between crop establishment techniques and
integrated nutrient management did not show any significant difference in available

P,Os content in soil during both the years of investigation.
4.7.4.2 Available potassium (K,0) content in soil (kg ha™)
Effect of crop establishment techniques

The different crop establishment techniques did not influence the

available potassium content in soil during both the years.
Effect of integrated nutrient management

The available potassium content in soil was significantly influenced by
different integrated nutrient management practices during both the years. Significantly
higher amount of available K,O content was recorded under the integrated supply of
100% RDF + vermicompost @ 1t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™* (F,) (198.13 and 196.32 kg ha™*) which was at par with the application of 100
% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) (195.76 and
192.62 kg ha™), but significantly superior to the treatments receiving 75% RDF + FYM
@ 1t ha* + vermicompost @1 t ha™ + green manuring of cowpea + biofertilizers @ 10
kg ha™ (Fs) (190.70 and 187.12 kg ha™) and 75 % RDF + FYM @ 1t ha™ + enriched
compost @ 1 t ha™ + green manuring of cowpea (Fs) (186.62 and 184.26 kg ha™) during
1% and 2" year, respectively. But, all of them were found superior to the application of
100% RDF (F1) (174.82 kg ha™ in 1% year and 173.34 kg ha'in 2" year).



Table 4.24. Effect of crop establishment techniques and integrated nutrient management on nutrient status of soil after harvest

Treatments Available N (kg ha) | Available P,Os (kg ha®) |  Available K,O (kg ha™)
2017-18 2018-19 2017-18 2018-19 2017-18 2018-19

Crop establishment techniques (M)
M;:Conventional method 241.16 238.88 19.51 19.83 187.06 184.54
M.: Bud chip seedling at 90 cm x 60 cm 243.66 239.26 20.57 20.12 189.68 186.28
M3:Bud chip seedling at 120 cm x 60 cm 244.79 240.13 21.38 20.16 190.93 189.38
SEmz+ 4.35 5.44 0.53 0.59 5.08 4.32
CD(0.05) NS NS NS NS NS NS
Integrated nutrient management practices (F)
F.: 100% RDF 224.96 220.83 18.38 17.72 174.82 173.34
F,: 100% RDF + VC @ 1tha ™+ GM + BF @ 10 kg ha™ 246.52 242.75 20.98 20.48 198.13 196.32
F3: 100% RDF + EC @ 1 tha™ + GM 245.60 241.48 20.75 20.33 195.76 192.62
Fs: 75% RDF+ FYM @ 5tha’ +VC @ 1tha™ + GM + BF 249.43 247.76 21.37 21.14 190.70 187.12
@ 10 kg ha™*
Fs: 75% RDF + FYM @ 5tha’ + EC @ 1 tha*+ GM 247.84 243.73 20.94 21.02 186.62 184.26
SEmz 2.06 2.31 0.27 0.32 2.27 2.54
CD(0.05) 6.02 6.74 0.78 0.94 6.63 7.42
Interaction (M x F)
SEmz+ 3.57 3.99 0.46 0.56 3.93 4.40
CD(0.05) NS NS NS NS NS NS

Note: DAP: Days after planting; RDF: Recommended dose of fertilizer; GM: green manuring; VC: vermicompost;
Biofertilizers; SEmz: Standard error of mean; CD: Critical difference, NS: Non significant

EC: Enriched compost; BF:
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Interaction effect

The available K,O content in soil during both the years of investigation
was non-significant due to interaction effect between crop establishment techniques and

integrated nutrient management.

The increase in available N, P,Os and K;O in soil might be due to better
supply of nutrients under integrated nutrient management systems. Apart from nutrient
released from inorganic sources, the addition the organic matter and the activity of
microbes like Azotobacter and PSB might have helped in release of more nutrients to
the soil. Aruna and Mohammad (2005) also stated efficient supply of nutrients to crop
owing to slow decomposition of organic materials that helped in sustaining better crop
growth and also improved soil properties. The integrated application of FYM, seasoned
pressmud and fertilizers had marked influence on the available N in the soil (Venkata et
al.,, 2012). Yadav et al. (2018) also reported more available nutrients in soil after
harvesting of crop due to integrated application of organic and inorganic sources of
nutrients as compared to sole application of inorganic fertilizers. The enhancement in
soil fertility under integrated management practices was also reported by Jha et al.
(2019).

4.7 Economics

Economics of cultivation of autumn sugarcane viz., cost of cultivation,
gross return, net return and cost-benefit ratio are presented in Table 4.25 and the details
of cost of production per hectare calculated for all the treatments are presented in
Annexure 111 (a), 11 (b), I1I(c), 111(d) and I1i(e).

The economics worked out under various treatment combination, the
combined effect of the planting of bud chip seedling at 90 cm x 60 cm along with the
75% RDF + FYM @ 1 t ha™ + enriched compost @ 1 t ha™® + green manuring of
cowpea (M,Fs) registered the maximum cost of cultivation (¥ 1,47,068 ha™ in 2017-18
and T 1,48,299 ha’ in 2018-19) against the minimum cost recorded under the
conventional method with 100% RDF (M:F;) (Z 92,988 ha™ in 2017-18 and ¥ 94,168
ha™in 2018-19). The high cost of cultivation under M,Fs was due to application of more
amount of organic manures associated with high labour cost involved in nursery as well
as in main field. While, the less maintenance cost under the conventional method cost
associated with only the application of inorganic fertilizers curtailed the cost of

cultivation as compared to other integrated nutrient management practices.



Table 4.25. Economics of crop establishment techniques and integrated nutrient management practices applied to sugarcane

Treatments Cost of cultivation % ha™) Gross return ( ha) Net return (Z ha™) B:C ratio
2017-18 2018-19 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
M1F, 92988 94168 248932 231492 155944 137324 2.68 2.46
M1 F, 108338 109518 313088 295648 204750 186130 2.89 2.70
M1F3 114838 116018 301229 283789 186391 167771 2.62 2.45
MiF4 114618 116898 291335 273895 176717 156997 2.54 2.34
M1Fs 122318 123398 288527 271087 166209 147689 2.36 2.20
MyFq 117538 119069 285021 269981 167483 150912 2.42 2.27
M, F, 133088 134419 328144 313104 195056 178685 2.47 2.33
MsF3 139588 140919 324835 309795 185247 168876 2.33 2.20
M,F4 140568 141799 317536 302496 176968 160697 2.26 2.13
MsFs 147068 148299 320825 305785 173757 157486 2.18 2.06
M3sF, 105168 106568 307613 292253 202445 185685 2.92 2.74
M3 F, 120518 121918 382906 367546 262388 245628 3.18 3.01
MsF3 127018 128418 381872 366512 254854 238094 3.01 2.85
MsF,4 128438 129298 366397 351037 237599 221739 2.85 2.71
MsFs 134498 135798 357629 342269 223131 206471 2.66 2.52
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Whereas, the gross return of ¥ 3,82,906 ha™ during 2017-18 and

T 3,67,546 ha™ during 2018-19 was obtained due to planting of bud chip seedling at 120
cm x 60 cm along with the supply of 100% RDF + vermicompost @ 1t ha™® + green
manuring of cowpea + biofertilizers @ 10 kg ha™* (MsF,) and the minimum gross return
was obtained due to application of 100% RDF under conventional method (M1F;)
 2,48,932 ha during 2017-18 and ¥ 2,31,492 ha™ during 2018-19). The planting of
bud chip seedling at 120 cm x 60 cm along the application 100% RDF + vermicompost
@ 1t ha' + green manuring of cowpea + biofertilizers @ 10 kg ha™ (MsF») also
recorded the highest net return of T 2,62,388 ha™ during 2017-18 and ¥ 2,45,628 ha™
during 2018-19. The maximum B-C ratio of 3.18 during 1% and 3.01 in 2" year were

also obtained under the treatment MsF,.

Significantly higher cane yield obtained under planting of bud chip
seedling at 120 cm x 60 cm along the application 100% RDF + vermicompost @ 1t ha™
+ green manuring of cowpea + biofertilizers @ 10 kg ha™ (MsF,) resulted the higher
gross return. While, the reduced cost of cultivation accompanied with higher gross
return resulted in higher net return as well as B-C ratio. On the other hand, the high cost
of cultivation associated with other treatment combination could not bring out good
economic return. Sugeerthi et al. (2018) also reported higher gross return, net return and
B-C ratio under the planting of bud chip seedling 75% RD of NPK + Azophos + in situ

incorporation of sun hemp + foliar spraying of sugarcane booster.
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CHAPTER V
SUMMARY AND CONCLUSION

An experiment was conducted to study the “Performance of bud chip
seedlings under integrated nutrient management in autumn planted sugarcane
(Saccharum officinarum L.)". The investigation was carried out for two consecutive
years of 2017-18 and 2018-19 at Sugarcane Research Station, Assam Agricultural
University, Buralikson, Assam. The experiment consisted of three crop establishment
techniques in main plot viz.,, M;: Conventional method of planting M,: Planting of bud
chip seedling at 90 cm x 60 cm, M3: Planting of bud chip seedling at 120 cm x 60 cm
and five integrated nutrient management practices under sub plot viz., F1:100 % RDF,
F,: 100 % RDF + vermicompost @ 1 t ha™+ green manuring (cowpea incorporation) +
biofertilizers @ 10 kg ha™ Fs: 100 % RDF + enriched compost @ 1 t ha™ + green
manuring (cowpea incorporation), F4:75 % RDF + FYM @ 5 t ha™ + vermicompost @
1t ha™ + green manuring (cowpea incorporation) + biofertilizers @ 10 kg ha™, Fs: 75%
RDF + FYM @ 5 t ha' + enriched compost @ 1 t ha™ + green manuring (cowpea
incorporation). The soils of the experimental site in both the years were clay loam in
texture, acidic in nature (pH 5.46 and 5.48), medium in organic carbon (0.71 and
0.68%) and available K,O (194.33 and 187.66 kg ha™), low in available N (231.42 and
226.77 kg ha™) and available P,0s (19.28 and 18.64 kg ha™). The experiment was laid

out in split plot design with three replications.

From the present investigation, an attempt has been made to summarize
the salient findings in terms of crop growth parameters, yield attributing characters and
yield, juice quality, plant analysis, soil health and nutrient status as well as the
economics of sugarcane under various treatments and tried a draw a conclusion based

on all the above parameters.

A. Effect of crop establishment techniques on the performance of autumn planted

sugarcane

1.  The plant growth parameters like total number of shoots ha™, number of shoots
plant™?, plant height recorded at various crop growth stages were found to be
significantly higher due to planting bud chip seedling at 120 cm x 60 cm
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spacing as compared to the planting of bud chip seedling at 90 cm x 60 cm as
well as conventional method during the grand growth stages of crop during
both the years of investigation. But, in early stage of crop growth, no significant
difference was observed between planting of bud chip seedling at 120 cm x 60
cm and 90 cm x 60 cm spacing. But, in case of growth parameters like, leaf
area shoot™ and physiologically active leaves shoot™, planting of bud chip
seedling at 120 cm x 60 cm spacing was found to be significantly higher over
conventional method, but at par with planting of bud chip seedling at 90 cm x

60 cm spacing during both the years of study.

The different crop establishment techniques also significantly influenced the
plant growth indices like leaf area index (LAI), leaf area duration (LAD), crop
growth rate (CGR) recorded at different crop growth stages during both the
years. The planting of bud chip seedling at 120 cm x 60 cm spacing recorded
significantly higher values of LAD and CGR during 210-270 DAP as compared
to other crop establishment techniques, but at par with planting of bud chip
seedling at 90 cm x 60 cm in respect of data recorded during 150-210 DAP.
Similarly, significantly higher LAI was recorded at different crop stages due to
planting of bud chip seedling at 120 cm x 60 cm spacing. However, no
significant difference was observed in case of relative growth rate (RGR)

during both the years.

The N- related parameters such as crop canopy temperature, chlorophyll
content as well as green seeker NDVI did not show any significant difference

due to different crop establishment techniques.

The total dry matter production as well dry matter produced by stem were
significantly increased due to planting of bud chip seedling at 120 cm x 60 cm
as compared to planting of bud chip seedling at 90 cm x 60 cm as well as
conventional method. But, no such remarkable effect was observed in case of

dry matter produced by leaves during both the years.

The below ground biometric observation like root length and root dry weight
were significantly influenced by different crop establishment techniques and
significantly higher values were recorded under the planting of bud chip
seedling at 120 cm x 60 cm spacing as compared to other crop establishment
techniques during both the years.
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The yield attributing characters like length of millable cane, number of millable
cane, number of internodes millable cane™, length of internode (bottom)
recorded under the planting of bud chip seedling at 120 cm x 60 cm spacing
were found to be significantly superior over the other crop establishment
techniques. The planting of bud chip seedling at 120 cm x 60 cm spacing also
recorded significantly higher values in respect of length of internode recorded
at middle and top portion of millable cane, average cane weight as compared to
conventional method, but found at par with the planting of bud chip seedling at
90 cm x 60 cm spacing during both the years. However, no significant
difference was observed the between planting of bud chip seedling at 90 cm X
60 cm and conventional method in case of all the yield attributing characters.
Besides this, diameter of millable cane remained unaffected due to different

crop establishment techniques during both the years.

The different crop establishment techniques significantly influenced the cane,
green top and trash yield during both the years. The highest cane and trash yield
of both individual years’s as well as in pooled analysis were achieved under the
planting of bud chip seedling at 120 cm x 60 cm. But, the green top yield
recorded under the planting of bud chip seedling at 120 cm x 60 cm was found
to be significantly higher than conventional method, but was at par with
planting of bud chip seedling at 90 cm x 60 cm during both the years. The
planting of bud chip seedling at 120 cm x 60 cm recorded 19.70, 17.89 and
20.15% increased in cane yield over conventional method for 2017-18, 2018-19

and in pooled analysis, respectively.

Significantly higher biological yield was obtained due to planting of bud chip
seedling at 120 cm x 60 cm as compared to other crop establishment
techniques, but no significant difference was observed in case of harvest index

recorded during both the years.

The different crop establishment techniques did not influence the qualitative
studies of sugarcane such as field brix, juice recovery, sucrose, CCS, purity and
CCS (%) during both the years. Nevertheless, planting of sugarcane bud chip
seedling slightly improved the juice quality as compared to conventional

method of planting. But, planting of sugarcane bud chip seedling at 120 cm x
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60 cm revealed significantly higher sugar as well as jaggery yield as compared
to other crop establishment techniques during both the years.

The per cent N, P and K content in cane stalk, green top and trash were not
significantly influenced by different crop establishment techniques during both
the years. However, the highest uptake of nutrients by different plant parts as
well as total nutrients uptake by plant was observed due to planting of

sugarcane bud chip seedling at 120 cm x 60 cm during both the years.

The soil properties like pH and organic carbon %, soil microbial population and
status of available N, P,Os and K;O in the soil after harvest of sugarcane
remained unaffected due to different crop establishment techniques during both

the years of study.

B. Effect of integrated nutrient management on the performance of autumn

planted sugarcane

1.

The plant growth parameters such as total number of shoots ha™, number of
shoots plant™, number of physiologically active leaves shoot™, leaf area stalk™
and plant height were significantly influenced by different integrated nutrient
management practices over 100% RDF (F;). The integrated application of 100%
RDF+ vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @
10 kg ha™* (F,) recorded the highest values in case of all the growth parameters
recorded at different growth stages during both the years. However, in certain
parameters like number of physiologically active leaves shoot®, all the
treatments receiving integrated nutrient management were found to be at par
with each other throughout the crop growing period during both the years. But,
in case of plant height, the application of 100% RDF+ vermicompost @ 1t ha™
+ green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded
significantly which was found to be at par with 100% RDF + enriched compost
@ 1 tha™+ green manuring of cowpea (Fs) in early stage of crop growth, but, at
later stages of crop growth, all the treatments receiving integrated nutrient

management was found to be at par with each other.

The growth indices viz., leaf area index (LAl), leaf area duration (LAD) and
crop growth rate (CGR), relative growth rate (RGR) were significantly
influenced by integrated nutrient management practices. All the integrated
nutrient management practices significantly increased the crop growth indices as
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compared to 100% RDF (F;) during both the years. In case of all the parameters,
the application 100% RDF+ vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) recorded significantly higher values
throughout crop growing period, but, found at par with all the treatments
comprised of integrated nutrients management in case of LAI recorded at 300
DAP, CGR and RGR recorded at 270-330 DAP during both the years.

The N- related parameters such as total chlorophyll content recorded at 240 and
330 DAP and crop canopy temperature, green seeker NDVI recorded at 330
DAP were significantly influenced by integrated nutrient management practices.
All the treatments receiving integrated nutrient management were found to be at
par with each other but superior to 100% RDF (F;). However, comparatively
higher values were obtained due to the application of 100% RDF+
vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
ha (F,) during both the years of investigation.

The integrated application 100% RDF+ vermicompost @ 1 t ha™ + green
manuring of cowpea + biofertilizers @ 10 kg ha™ (F») significantly increased the
root length as well root dry weight recorded at 120, 150 and 180 DAP, as
compared to sole inorganic fertilizers (100% RDF), but found to be at par with
all the treatments comprised of integrated nutrient management in respect of root
length recorded at 120 and 150 DAP and root dry weight at 180 DAP during
both the years of study.

The integrated nutrient management significantly influenced the dry weight of
above ground biomass that includes the dry matter production by leaves and
stem as well as total dry matter production shoot™ recorded at 210 and 270 DAP
during both the years. In both stages viz., at 210 and 270 DAP, integrated
application of 100% RDF+ vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha® (F,) recorded significantly higher dry
matter production by stem as well as total dry matter production which were at
par with 100% RDF + enriched compost @ 1 t ha™ + green manuring of cowpea
(F3) during both the years. Similarly, significantly higher dry matter production
by leaves were also obtained under the integrated supply of 100% RDF+

vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
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ha® (F,) which was found to be at par with all other treatments except 100%
RDF (F,) at 210 DAP in both the years of experimentation.

Application of 100% RDF+ vermicompost @ 1 t ha™ + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) recorded the maximum values in all
the yield attributing characters viz., length of millable cane, number of millable
cane, average cane weight, length of internodes (bottom, middle and top portion
of millable cane), number of internodes millable cane™ which was found to be at
par with all the other treatments except 100% RDF (F;). But, diameter of the
cane remained unaffected due to various integrated nutrients management

practices during both the years of study.

The highest cane yield of both individual years as well as pooled data of
sugarcane were obtained due to application of 100% RDF + vermicompost @ 1t
ha®’ + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) which was
found to be at par with all the other treatments excluding 100% RDF during both
the years. The same treatment also registered the higher green top as well as
trash yield for both 2017-18, 2018-19 and pooled analysis. However, in case of
green top yield all the treatments receiving integrated supply of nutrients were at
par with each other during 1% and 2" years of investigation. The combined
application of 100% RDF + vermicompost @ 1t ha + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) registered 12.67, 12.32 and 12.49%
increase in cane yield for 2017-18, 2018-19 and in pooled analysis over the
100% RDF(F1). The integrated application of 100% RDF + vermicompost @ 1t
ha' + green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded
significantly higher biological yield which was found to be at par with all the
treatments excluding 100% RDF during both the years. But, no significant

difference in harvest index% was recorded during both the years.

The various integrated nutrient management practices did not exhibited any
significant difference on qualitative parameters such as field brix recorded at
bottom, middle and top potion of standing cane recorded at 360 and 420 DAP,
sucrose and purity (%) of cane juice at the time of harvesting during both the
years. But, all the integrated nutrient management practices significantly
increased the other qualitative parameters such as juice recovery or extraction
(%), CCS of cane juice (%) and CCS yield (t ha™) at the time of harvesting as
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compared to 100% RDF during both the years. In case of juice recovery and
CCS%, the maximum values were obtained with the application of 100% RDF +
green manuring of cowpea + vermicompost @ 1 t ha + biofertilizers @ 10 kg
ha™ (F,), which was at par with all the INM treatments except 100% RDF. The
same treatment (F,) also recorded significantly higher CCS vyield, but found at
par with the treatment receiving 100% RDF+ enriched compost @ 1 t ha’ +

green manuring of cowpea (F3) during both the years.

All the integrated nutrient management practices significantly increased the
jaggery recovery (%) and Jaggery yield (t ha') as compared to 100% RDF
during both the years. The application of 100% RDF+ vermicompost @ 1 t ha™
+ green manuring of cowpea + biofertilizers @ 10 kg ha™ (F,) recorded
significantly higher jaggery yield which was at par with 100 % RDF + green
manuring of cowpea + enriched compost @ 1 t ha™ (Fs). Similarly, significantly
higher amount of jaggery recovery (%) was also obtained under the integrated
supply of 100% RDF+ vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™* (F»), but, found to be at par with all other treatments
receiving integrated nutrient management in both the years.

The nitrogen content in different plant parts (green top, cane stalk and trash) as
well as potassium content in cane stalk was significantly influenced by different
integrated nutrient management practices during both the years. Other than
these, the integrated nutrient management did not exhibit any significant
difference in P and K content of different plant parts during both the years. The
application of 100% RDF+ vermicompost @ 1 t ha® + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F,) significantly increased the nitrogen
content in green top, cane stalk and trash of a plant as compared to 100% RDF,
but found to be at par with all other treatments in case of nitrogen content in
cane stalk and trash during both the years. Similarly, the higher amount of
potassium content in cane stalk was also registered under the treatment receiving
100% RDF + vermicompost @ 1 t ha’ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F») in both the years.

The nutrients nitrogen, phosphorus and potassium uptake by different plant parts
such as green top, cane stalk and trash and subsequently the total nutrient uptake
by plant significantly increased under different integrated nutrient management
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practices as compared to the inorganic fertilizers alone. The integrated
application of 100% RDF+ vermicompost @ 1 t ha' + green manuring of
cowpea + biofertilizers @ 10 kg ha™ (F») recorded significantly higher nitrogen,
phosphorous and potassium uptake by green top, cane stalk and trash as well as

total uptake of nutrients in both the years.

12. The integrated nutrient management practices significantly improved the post
harvest soil organic carbon, nutrient status as well as microbial population as
compared to inorganic fertilizers alone. The integrated supply of 75% RDF +
FYM @ 1t ha* + vermicompost @ 1 t ha™ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (Fs) recorded higher organic carbon, fungal and
bacterial population which was at par with the application of 75 % RDF + FYM
@ 1t ha™ + enriched compost @ 1t ha™ + green manuring of cowpea (Fs) in
both the years. Similarly, significantly higher amount of available N and P,0s
was also registered under the treatment receiving 75% RDF + FYM @ 1t ha*
+ vermicompost @ 1 t ha™ + green manuring of cowpea + biofertilizers @ 10 kg
ha' (Fs) which was found to be at par with all the treatments comprised of
integrated nutrient management in both the years. While, significantly higher
amount of available K,O were registered under the integrated application of
100% RDF+ vermicompost @ 1 t ha’ + green manuring of cowpea +
biofertilizers @ 10 kg ha™ (F,) which was found to be at par with 100% RDF +
enriched compost @ 1 t ha™ + green manuring of cowpea (Fs) in both the years.
But, the integrated nutrient management practices did not exert any significant

difference on soil pH during both the years of investigation.

C. Interaction effect of crop establishment techniques and integrated nutrient

management on the performance of autumn planted sugarcane

1. The interaction effect between the crop establishment techniques and integrated
nutrient management was found to be significant on total numbers of shoots
recorded at 180 and 210 DAP, number of shoots plant™ at 180 and 210 DAP,
leaf area duration (LAD) recorded during 150-210 and 210-270 DAP in both the
years. Irrespective of crop establishment techniques, the applications of
integrated nutrient management significantly increased all the values as
compared to inorganic fertilizers alone. The treatment combination of planting
of bud chip seedling at 120 cm x 60 cm and 100% RDF+ vermicompost @ 1 t
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ha® + green manuring of cowpea + biofertilizers @ 10 kg ha™ (MsF») recorded
significantly higher values of all these parameters as compared to other

treatments in both the years.

D. Effect of various treatment combinations on economics of autumn planted

sugarcane

1. In autumn planted sugarcane, planting of bud chip seedling at 120 cm x 60 cm
along the application 100% RDF+ vermicompost @ 1 t ha® + green manuring
of cowpea + biofertilizers @ 10 kg ha™ (MsF») registered the maximum gross
return (% 3,82,906 ha™ and T 3,67,546 ha™), net return (¥ 2,62,388 ha® and
T 2,45,628 ha') and B-C ratio (3.18 and 3.01) for the 2017-18 and 2018-19,

respectively.

CONCLUSION

Based on growth, yield, economics indices, quality parameters as well as
soil health of present experiment, it may be concluded that planting of sugarcane bud
chip seedling at 120 cm x 60 cm spacing along with the application of 100 % RDF,
vermicompost @ 1 t ha™ and biofertilizers @ 10 kg ha™ including the in situ growing
and incorporation of cowpea as green manuring crop may be recommended for autumn

planted sugarcane cultivation in Assam.
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Plate 3. Shade drying of bud chip after treating
with fungicidal solution




Plate 4. Raising of bud chip seedling in Plate 5. Bud chip seedling ready for
nursery transplanting

Plate 6. Application of organic manure in pit before transplanting
of the bud chip seedling



Plate 7. Transplanting of bud chip seedling in main field

Plate 9. Cowpea as green manuring crop in between
the rows of sugarcane



Plate 10. Tillering stage as affected by planting of bud chip seedling at
120 cm x 60 cm along with 100 % RDF +VC@ 1t hal+ GM+ BF @ 10 kg hat
(M3F)

Plate 12. General view of experiment during grand growth stage
(2017-18)



Plate 13: Overall view of the experimental plot during 2017-18
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Plate 14. Experimental field visit by Major advisor, Ex HoD and then CS an
present HoD

Plate 15. Visual difference of plant height at maturity during 2018-19
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Plate 17. Grand growth stage as affected by conventional method and 75 % RDF +
FYM@5tha'+VC@ 1tha’+GM+ BF @ 10 kg ha™ (M1F,)

Plate 18. Grand growth stage as affected by planting of bud chip seedling
at 90 cm x 60 cm along with 100 % RDF (M;F;)



Plate 19. Grand growth stage as affected by planting of bud chip seedling at
120 cm x 60 cm along with 100% RDF + VC @ 1t hal+ GM + BF@ 10 kg ha*
(Mst)

Plate 20. Grand growth stage as affected by planting of bud chip seedling at
120 cm x 60 cm along Wlth 100 % RDF + EC @ 1thal+GM (M3F3)

Plate 21. Grand growth stage as affected by planting of bud chip seedling at 120
cm x 60 cm along with 75 % RDF + FYM @ 5tha™ +VC @ 1tha’+ GM + BF
@ 10 kg ha™* ( M3Fs)



Conventional method Bud chip seedling

Plate 22. Comparison of root growth between conventional method (M;) and bud
chip seedling planting at 120 cm x 60 cm (M3)

Plate 23. Recording of number of Plate 24. Recording of crop canopy
millable cane at the time of harvesting  temperature with IR thermometer



Plate 25. Measurement of length of internodes of millable cane at the time of
harvesting

Plate 27. Cane yield recorded under Plate 28. Cane yield recorded under
planting of bud chip seedling at 120 cm  planting of bud chip seedling at 120 cm
x 60 cm along with 100 % RDF + VC  x 60 cm along with 100 % RDF + EC @
@ 1tha'+ GM+ BF@1o kg ha™ 1that+ GM (MsF3)
(M3F,)
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Plate 29. Early maturity stage as affected by planting of bud chip seedling at 120
cm x 60 cm along with 100 % RDF + VC @ 1 t ha™ + GM+ BF@10 kg ha™ (M3F»)

Plate 30. Estimation of phosphorus content in laboratory
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ANNEXURE - | (a)
Weekly weather report during the period of experimentation (2017-18)

Standard Temperature Relative RF BSSH
Meteorological Period (°C) humidity (%) (mm) (hr)
Week Max Min Morn | Eve
8 15 Oct - 21 Oct 31.3 23.2 97 80 30.2 3.7
9 22 Oct - 28 Oct 27.6 20.3 97 79 57.0 4.9
10 29 Oct - 4 Nov 28.1 18.5 93 74 7.0 7.1
11 5 Nov - 11 Nov 30.1 16.2 93 65 0.0 9.2
12 12 Nov - 18 Nov 28.2 16.3 96 67 0.3 5.8
13 19 Nov - 25 Nov 28.7 17.1 97 68 7.0 7.4
14 26 Nov - 2 Dec 26.0 13.6 99 70 7.4 6.6
15 3 Dec - 9 Dec 26.5 11.2 99 66 0.0 6.3
16 10 Dec -16 Dec 25.7 16.5 98 77 0.0 1.3
17 17 Dec - 23 Dec 25.2 12.5 100 68 0.0 55
18 24 Dec- 31 Dec 25.8 11.1 100 65 0.0 7.3
19 1Jan-7Jan 23.7 11.8 98 73 0.5 4.6
20 8 Jan - 14 Jan 23.2 8.9 98 65 0.0 6.9
21 15 Jan -21 Jan 25.2 11.8 99 67 0.0 4.8
22 22 Jan - 28 Jan 24.1 12.5 98 73 2.2 3.2
23 29 Jan - 4 Feb 22.6 12.2 98 72 1.0 1.3
24 5Feb-11Feb 22.5 13.2 99 73 14 2.1
25 12Feb - 18 Feb 26.7 11.6 95 55 10.7 7.3
26 19Feb - 25 Feb 26.4 14.5 96 63 4.3 3.2
27 26 Feb - 4 Mar 23.7 15.6 97 79 56.3 15
28 5 Mar - 11 Mar 27.4 15.2 94 60 3.2 25
29 12 Mar - 18 Mar 26.9 15.8 95 66 13.8 2.4
30 19 Mar - 25 Mar 28 15.5 95 60 11.3 4.7
31 26Mar-1st Apr 28.7 17.5 93 57 3.1 55
32 2 Apr- 8 Apr 315 18.4 92 56 20.1 4.5
33 9 Apr - 15 Apr 28.2 19.2 96 69 37.6 3.8
34 16 Apr - 22 Apr 29.1 19.9 93 69 43 3.7
35 23 Apr - 29 Apr 30.4 20 85 66 11.1 5.9
36 30 Apr - 6 May 28.6 20.5 93 72 39.7 3.1
37 7 May - 13 May 28.1 21.2 96 77 25.5 2.8
38 14 May - 20 May 32 22.1 90 64 73.4 7.1
39 21 May - 27 May 33.2 24.1 91 72 86.3 3.7
40 28 May - 3 Jun 31.1 24.1 94 73 17.2 4.1
41 4 Jun - 10 Jun 34.5 25.1 92 65 72.2 6.7




Standard Temperature(oC) Relative RF(mm) | BSSH(hr)
Meteorological Period humidity (%)
Week Max Min Morn | Eve

42 11 Jun - 17 Jun 31.7 25 97 82 99.4 1

43 18 Jun - 24 Jun 325 253 95 83 35.2 3.1
44 25 Jun - 1 July 333 24.8 94 74 255 3.5
45 2 July - 8 July 32.3 25.6 93 80 110.6 24
46 9 July - 15 July 34.3 25.8 92 71 46.3 5.2
47 16 July - 22 July 35 26.9 93 71 3.5 5.9
48 23 July - 29 July 33.6 25.8 94 75 50.3 35
49 30 July - 5 Aug 31.7 255 96 78 99.1 25
50 6 Aug - 12 Aug 34.8 26 92 72 70.9 5.3
51 13 Aug - 19 Aug 34.1 26.426 95 73 65.2 5.9
52 20 Aug - 26 Aug 335 254 94 79 127.5 34
53 27 Aug - 2 Sep 32.8 25.2 97 73 127.9 4

54 3 Sep -9 Sep 34.1 25.8 89 71 71 4.9
55 10 Sep - 16 Sep 31.4 24.4 93 81 137.8 2.8
56 17 Sep - 23 Sep 33 253 92 74 9.5 6

57 24 Sep - 30 Sep 30.3 23.9 99 83 55.5 1.1
58 1 Oct -7 Oct 30.6 23 97 69 4 5.8
59 8 Oct - 14 Oct 28.7 21.3 97 78 12.8 3.6
60 15 Oct - 21 Oct 29 19.8 94 71 0.6 4.6
61 22 Oct - 28 Oct 30.7 18.9 97 61 0 7.1
62 29 Oct - 4 Nov 28.9 18.1 95 65 0 6.1
63 5 Nov - 11 Nov 25.9 16.1 98 66 19.3 5.7
64 12 Nov - 18 Nov 26.4 15.6 98 70 131 4.9
65 19 Nov - 25 Nov 25.6 13.3 98 67 0 6.4
66 26 Nov - 2 Dec 26.9 11.9 99 60 0 7.7
67 3 Dec - 9 Dec 25.9 111 98 59 0 7.2
68 10 Dec -16 Dec 26.4 9.7 95 53 0 6.9
69 17 Dec - 23 Dec 22.7 12.9 99 77 29.6 4.1
70 24 Dec- 31 Dec 24.2 9.7 98 65 0 7.5
71 1Jan -7 Jan 233 8.2 95 61 0.6 7.7

Source: Meteorological observatory unit, SRS, Buralikson




APPENDIX | (b)
Weekly weather report during the period of experimentation 2018-19

Standard Temperature Relative RF BSSH
Meteorological Period (°C) humidity (%) (mm) (hr)
Week Max Min Morn | Eve
8 15 Oct - 21 Oct 29.0 19.8 94 71 0.6 4.6
9 22 Oct - 28 Oct 30.7 18.9 97 61 0.0 7.1
10 29 Oct - 4 Nov 28.9 18.1 95 65 0.0 6.1
11 5 Nov - 11 Nov 25.9 16.1 98 66 19.3 5.7
12 12 Nov - 18 Nov 26.4 15.6 98 70 13.1 4.9
13 19 Nov - 25 Nov 25.6 13.3 98 67 0.0 6.4
14 26 Nov - 2 Dec 26.9 11.9 99 60 0.0 1.7
15 3 Dec - 9 Dec 25.9 11.1 98 59 0.0 7.2
16 10 Dec -16 Dec 26.4 9.7 95 53 0.0 6.9
17 17 Dec - 23 Dec 22.7 12.9 99 77 29.6 4.1
18 24 Dec- 31 Dec 24.2 9.7 98 65 0.0 7.5
19 1Jan-7Jan 23.3 8.2 95 61 0.6 1.7
20 8 Jan - 14 Jan 24.1 9.1 96 62 6.6 7.5
21 15 Jan -21 Jan 25.4 8.1 96 57 0.0 7.4
22 22 Jan - 28 Jan 25.9 10.3 93 61 0.0 6.4
23 29 Jan - 4 Feb 25.0 10.2 94 58 3.5 6.1
24 5Feb-11Feb 25.8 12.1 95 60 9.2 5.8
25 12Feb - 18 Feb 27.2 12.2 90 59 8.2 5.6
26 19Feb - 25 Feb 21.3 14.2 98 76 17.9 15
27 26 Feb - 4 Mar 24.5 12.2 95 61 53 4.6
28 5 Mar - 11 Mar 23.5 15.1 94 68 18.5 25
29 12 Mar - 18 Mar 29 17.3 90 58 0 3.3
30 19 Mar - 25 Mar 26.8 15.8 90 63 34.3 3.8
31 26 Mar - 1 Apr 29.3 17.5 90 61 21.9 4.3
32 2 Apr- 8 Apr 24.7 18.2 93 74 28 3.3
33 9 Apr - 15 Apr 29.7 19.7 93 64 27.9 5.2
34 16 Apr - 22 Apr 30.2 20 91 71 44.1 4.3
35 23 Apr - 29 Apr 324 21.4 89 68 32.5 4.6
36 30 Apr - 6 May 25.9 21.1 98 83 192.2 1.7
37 7 May - 13 May 26.1 20.6 96 84 51.6 15
38 14 May - 20 May 28.3 21.2 95 79 52.9 1.9
39 21 May - 27 May 28.4 22.5 93 80 75.9 14
40 28 May - 3 Jun 31.2 23.7 90 67 14 4.8
41 4 Jun - 10 Jun 32.2 24.9 93 74 48.8 2.6




Standard Temperature Relative RF BSSH
Meteorological Period (°C) humidity (%) (mm) (hr)
Week Max Min Morn | Eve

42 11 Jun - 17 Jun 33.7 25.9 86 71 55.9 3.6
43 18 Jun - 24 Jun 32.8 25.6 90 76 149.5 4.5
44 25 Jun - 1 July 32.7 25.4 90 76 65.4 3.8
45 2 July - 8 July 33.76 25.74 95.29 75.57 194.9 3.86
46 9 July - 15 July 29.31 25.07 92.57 90 65.4 0
47 16 July - 22 July 32.61 25.46 89.29 79.14 43.7 2.69
48 23 July - 29 July 31.38 25.16 92 78.29 74.2 1.76
49 30 July - 5 Aug 31.9 25.4 93 78 78.3 3.5
50 6 Aug - 12 Aug 34.8 26.9 90 70 4.4 6.7
51 13 Aug - 19 Aug 34.5 25.8 91 74 84.1 6.9
52 20 Aug - 26 Aug 334 26.6 90 68
53 27 Aug - 2 Sep 34.3 26 94 75 48 6.5
54 3 Sep-9 Sep 34.1 25.1 95 73 86.8 5.2
55 10 Sep - 16 Sep 34.1 25.1 97 76 110.6 2.9
56 17 Sep - 23 Sep 34.2 24.6 96 74 62.2 53
57 24 Sep - 30 Sep 28.4 22.4 97 81 108.1 2.6
58 1 Oct -7 Oct 30.8 23.3 98 76 90.9 4.4
59 8 Oct - 14 Oct 30.9 22.3 97 69 61.3 53
60 15 Oct - 21 Oct 32.5 21.8 97 65 0.9 6.6
61 22 Oct - 28 Oct 25.8 20 98 80 98.6 2.8
62 29 Oct - 4 Nov 30.4 18.5 95 63 0 8.1
63 5 Nov - 11 Nov 28.5 19.3 97 74 11.5 4.5
64 12 Nov - 18 Nov 29 18.3 98 66 0 6.1
65 19 Nov - 25 Nov 27.4 15.7 98 67 0 6.7
66 26 Nov - 2 Dec 27.3 14.6 99 65 1.3 5.7
67 3 Dec - 9 Dec 25.2 9.9 98 58 0 8.2
68 10 Dec -16 Dec 24.1 11.2 99 64 0 4.4
69 17 Dec - 23 Dec 23.6 11.1 100 69 0 4.1
70 24 Dec- 31 Dec 22.4 8.4 100 61 0 5.2
71 1Jan-7Jan 20.7 10.4 100 74 6.2 2.1

Source: Meteorological observatory unit, SRS, Buralikson




ANNEXURE 11

Calendar of field operations for autumn planted sugarcane

SI No | Particulars of operation Date of operation
2017-18 2018-19
1 Ploughing, Harrowing, leveling, 19.09.2017 18.09.2018
Trenching, Hoeing of 8.10, 2017 7.10.2018
experimental plot. 12, 10.2017 11.10.2018
13.10.2017 13.10.2018
2 Final land preparation and 15.10.2017 14.10.2018
layout of the experiment
3 Drainage/ Irrigation channel 16.10.2017 14.10.2018
3 FYM, vermicompost, enriched 17.10.2017 15.10.2018
compost and fertilizer
application (conventional
method)
4 Planting of 3 budded setts in 18.10.2017 16.10.2018
main field/ Planting of bud chip
nursery
5 Sowing of cowpea 20.10.2017 18.10.2018
6 In-situ incorporation of cowpea 28.12.2018 26.12.2019
7 Transplanting in the main field 14.11.2017 12.11.2018
8 Irrigation 16.11.2017 14.11.2018
18.12.2017 17.12.2018
9 Gap filling 24.11.2017 22.11.2018
10 Manual weeding 17.01.2018 16.01.2019
16.03.2018 14.03.2019
11 | Earthing- up 18.01.2018 17.01.2019
19.03.2018 16.03.2019
12 | Insecticide spray (Chlorophyris 18.02.2018 2.02.2019
20EC, and Malathion 50 EC) 7.08.2018 3.08.2019
13 | Harvesting 04.01.2019 03.01.2020




ANNEXURE I11 (a)

Common cost of cultivation under the conventional method (M)

Sl Item/ operation Unit Cost/Unit (%) Total cost /ha (T)
No
1 Land preparation 2017-18 2018-19 2017-18 2018-19
Ploughing, 15l/unit 1 72/litre 73.42/litre | 1080 .00 1101.30
Harrowing, 1 72/litre 73.42/litre | 1080.00 1101.30
15 /unit
Trenching , 15 l/unit 1 -do- 73.42/litre | 1080.00 1101.30
Hoeing 9 mds 250/ md 2250.00 2250.00
2 Sett preparation & planting
Quantity of sett 759 350/q 350/q 26,250.00 | 26,250.00
Sett preparation 10 mds | 250/ md 250/ md 2,500.00 | 2,500.00
Planting 28 mds | 250/ md 250/ md 7000.00 7000.00
3 Plant protection measure
Chlorophyris, Malathion and 918 918 918.00 1135.00
Required manpower 3mds 250/ md 250/ md 750.00 750.00
4 Earthing up 35mds | 250/ md 250/ md 8,750.00 | 8,750.00
5 Manual weeding 20 mds | 250/ md 250/ md 5000.00 5,000.00
6 Irrigation 2500.00 3000.00
7 Harvesting 85mds | 250/ md 250/ md 21,250.00 | 21,250.00
Total 80,4,08.00 | 81,1,88.00




ANNEXURE 111 (b)

Common cost of cultivation under the planting of bud chip seedlings
at 90 cm x 60 cm (M)

NS:) Item/ operation Unit Cost/Unit (%) Total cost /ha (%)
1 Land preparation 2017-18 2018-19 2017-18 2018-19
Ploughing, 15l/unit 1 72/litre 73.42/litre | 1080.00 1101.30
Harrowing, 1 72/litre 73.42/litre | 1080.00 1101.30
15 /unit
Trenching , 15 l/unit 1 -do- 73.42/litre | 1080.00 1101.30
Hoeing 9 mds 250/ md 250/ md 2250.00 2250.00
2 Nursery raising
Quantity of setts 20q 350/q 350/q 7000.00 7000.00
Plastic tray/bottle 5000.00 5000.00
Growing media(vermicompost) | 19q 10/Kg 10/kg 19000.00 | 19000.00
Cutting of bud chip 20 mds | 250/ md 250/ md 5000.00 5000.00
Bud chip treatment with 4 mds 250/ md 250/ md 1000.00 1000.00
fungicide
Planting of bud chip in nursery | 25 mds 6250.00 6250.00
Watering and maintenance of 16 mds | 250 /md 250 /md 4000.00 4000.00
seedlings in nursery
Transplanting of seedling in 30 mds | 250/ md 250/ md 7500.00 7500.00
main field
Gap filling 4 mds 250 /md 250 /md 1000.00 1000.00
3 Plant protection measure
Chlorophyris, Malathion and 918.00 1135.00
Fungicide 1000.00 1150.00
Required manpower 3mds 250/ md 250/ md 750.00 750.00
4 Earthing up 35mds | 250/ md 250/ md 8,750.00 8,750.00
5 Manual weeding 20 mds | 250/ md 250/ md 5000.00 5,000.00
6 Irrigation 2500.00 3000.00
7 Harvesting 100 250/ md 250/ md 25000.00 | 25000.00
mds
Total 105158.00 | 106089.00




ANNEXURE 111 (c)

Common cost of cultivation under the planting of bud chip seedlings

at 120 cm x 60 cm (Ms)

E‘O Item/ operation Unit Cost/Unit (%) Total cost /ha ()
1 Land preparation 2017-18 2018-19 2017-18 2018-19

Ploughing, 15l/unit 1 72/litre 73.42/litre | 1080.00 1101.30

Harrowing, 1 72/litre 73.42/litre | 1080.00 1101.30

15 lfunit

Trenching , 15 l/unit 1 -do- 73.42/litre | 1080.00 1101.30

Hoeing 9 mds 250/ md 250/ md 2250.00 2250.00
2 Nursery raising

Quantity of setts 14.28q | 350/q 350/q 5000.00 | 5000.00

Plastic tray/bottle 3500.00 3500.00

Growing media(vermicompost) | 13.4 10/kg 10/kg 13400.00 | 13400.00

Cutting of bud chip mds 250/ md 250/ md 4000.00 4000.00

Bud chip treatment with 2 mds 250/ md 250/ md 500.00 500.00

fungicide

Planting of bud chip in nursery | 20 mds | 250/ md 250/ md 5000.00 5000.00

Watering and maintenance of 12mds 250/ md 250/ md 3000.00 3000.00

seedlings in nursery

Transplanting of seedling in 30 mds | 250/ md 250/ md 6000.00 6000.00

main field

Gap filling 2 mds 250/ md 250/ md 500.00 500.00
3 Plant protection measure

Chlorophyris, Malathion and 918.00 1135.00

Fungicide 720.00 950.00

Required manpower 3mds 250/ md 250/ md 750.00 750.00
4 Earthing up 35mds | 250/ md 250/ md 8,750.00 | 8,750.00
5 Manual weeding 20 mds | 250/ md 250/ md 5000.00 5,000.00
6 Irrigation 2500.00 3000.00
7 Harvesting 110 250/ md 250/ md 27500 27500

mds
Total 92588 93588




TOTAL COST OF PRODUCTION UNDER DIFFERENT TREATMENTS (2017-18)

ANNEXURE — 1V (a)

Treatments Cost of Inputs treatment wise( /ha) Application Total
Fixed N P(SSP) | K(MOP) VC GM EC FYM BF cost Cost
(Urea)
M;F; 80,4,08 3000 5280 1800 2500 92988
M; F, 80,4,08 3000 5280 1800 10,000 2850 1500 3500 108338
M;F3 80,4,08 3000 5280 1800 2850 18000 3500 114838
M;1F, 80,4,08 2250 3960 150 10000 2850 10000 1500 3500 114618
M;Fs 80,4,08 2250 3960 1350 - 2850 18000 10000 3500 122318
M;F; 105158 3000 5280 1600 2500 117538
M; F, 105158 3000 5280 1800 10,000 2850 1500 3500 133088
M;F3 105158 3000 5280 1800 2850 18000 3500 139588
MF, 105158 2250 3960 1350 10000 2850 10000 1500 3500 140568
M;Fs 105158 2250 3960 1350 - 2850 18000 10000 3500 147068
MsF; 93028 3000 5280 1800 2500 105168
M; F, 93028 3000 5280 1800 10,000 2850 1500 3500 120518
MsF3 93028 3000 5280 1800 2850 18000 3500 127018
MsF, 93028 2250 3960 1350 10000 2850 10000 1500 3500 128438
MsFs 93028 2250 3960 1350 - 2850 18000 10000 3500 134498

N.B: Price of Urea@ Rs 10/ kg, SSP: Rs 12/kg, MOP: Rs. 18/kg, VC: Rs 8/kg, EC: Rs 15/kg, BF: Rs75/kg Cowpea seed: Rs 90/kg, net selling price of jaggery:

Rs32/kg




TOTAL COST OF PRODUCTION UNDER DIFFERENT TREATMENTS (2018-19)

ANNEXURE — IV (b)

Treatments Cost of Inputs treatment wise( /ha) Application Total
Fixed N P(SSP) | K(MOP) | VC GM EC FYM BF cost
(Urea)

M;F; 81188 3000 5280 2200 2500 94168

M F; 81188 3000 5280 2200 10,000 2850 1500 3500 109518
MjF3 81188 3000 5280 2200 2850 18000 3500 116018
M1F, 81188 2250 3960 1650 10000 2850 10000 1500 3500 116898
M;Fs 81188 2250 3960 1650 - 2850 18000 10000 3500 123398
M_F; 106089 3000 5280 2200 2500 119069
M, F, 106089 3000 5280 2200 10,000 2850 1500 3500 134419
M;F3 106089 3000 5280 2200 2850 18000 3500 140919
MF, 106089 2250 3960 1650 10000 2850 10000 1500 3500 141799
M_Fs 106089 2250 3960 1650 - 2850 18000 10000 3500 148299
MsF; 93588 3000 5280 2200 2500 106568
Ms F, 93588 3000 5280 2200 10,000 2850 1500 3500 121918
MsF3 93588 3000 5280 2200 2850 18000 3500 128418
M3F, 93588 2250 3960 1650 10000 2850 10000 1500 3500 129298
MsFs 93588 2250 3960 1650 - 2850 18000 10000 3500 135798

Price of Urea@ Rs 10/ kg, SSP: Rs 12/kg, MOP: Rs. 22/kg, VC: Rs 8/kg, EC: Rs 15/kg, BF: Rs75/kg Cowpea seed: Rs 90/kg, net selling price of jaggery: Rs32/kg
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APPENDIX — |

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on total
no. of shoots

Source of variation

Total number of shoots

2017-18 2018-19
df | 90 120 150 180 210 240 90 120 150 180 210 240
DAP | DAP DAP DAP DAP DAP | DAP | DAP DAP DAP | DAP | DAP

Replication 2| 593 | 3365 | 1091 2716 | 30437 | 14614 | 644 | 3088 | 1124 | 1682 | 25464 | 11831
g;%%f;;ig'zm;“e”t 2 | 13.26 | 1491.78* | 2065.83* | 1903.50* | 1334.16* | 1760.97* | 29 | 1598.51* | 2315.37* | 1711.78* | 1388* | 2140.54*
Error a 4| 5885 | 4548 | 10206 | 186.64 | 4745 | 77.93 | 6040 | 4152 | 6699 | 9513 | 7971 | 83.86
INM(F) 4 | 1231 | 55.87* | 160.08* | 477.27* | 538.66* | 201.10* | 10.90% | 70.23 | 161.06* | 287.72* | 460.35* | 195.00*
M x F 8| 073 | 637 1044 | 5271% | 2599% | 2895 | 208 | 24.35 0.83 | 2880 | 23.72% | 16.22
Error b 24| 696 | 9.36 9.40 2241 | 1465 | 1430 | 491 | 1040 7.63 8.06 9.96 | 15.80

*Significant at 5 % level of significance




APPENDIX - 11

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on No. of

shoots plant™

Source of variation

No of shoots

2017-18 2018-19

df 90 DAP 150DAP | 180DAP | 210DAP | 90DAP | 150DAP | 180 DAP | 210 DAP
Replication 2 0.189 0.261 3.48 1.32 0.193 0.249 0.764 1.298
(C“;I‘;p establishment technique 2 45.047* 227.04% 231,55+ 182.78* 46.558* | 221.00% | 219.64* 183.123*
Error a 4 0.302 0.142 1.19 0.51 0.299 0.180 0.38 0.494
INM(F) 4 0.055 0.306* 1.48* 1.33* 0.0554 0.352* 1.25% 1.332%
M x F 8 0.017 0.0363 0.55* 0.66* 0.017 0.035 0.71* 0.662*
Error b 24 0.022 0.024 0.08 0.15 0.021 0.033 0.06 0.145

*Significant at 5 % level of significance




APPENDIX — 111

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on
number of physiologically active leaves plant™

Source of 2017-18 2018-19
variation
d.f 120 150 180 210 240 270 | 120 150 180 210 240 270

DAP DAP DAP DAP DAP | DAP | DAP | DAP DAP DAP DAP DAP
Replication 2 0.108 0.072 | 0.249 2.26 36.78 | 052 | 0.158 | 0.326 0.033 1.63 30.98 0.088
Crop establishment |, 0.027 0.228 | 5.843* | 5.35* 10.64* | 1.59* | 0.030 | 0.152 2.62* 4.73* 6.48* 2.69%
technique (M)
Error a 4 0.199 0.242 | 0572 0.630 0.77 020 | 022 | 0350 0.344 0.664 0.842 0.38
INM(F) 4 0.092 0.069 | 1.123* | 0.925* 1.51* | 0.59* | 0.084 | 0.077 0.852* | 0.889* 1.54* 0.60*
M x F 8 0.047 0.024 | 0.162 0.076 0.27 0.07 | 0.046 | 0.026 0.166 0.083 0.31 0.08
Error b 24 | 0.044 0.052 | 0.080 0.093 0.23 0.10 | 0.037 | 0.061 0.091 0.137 0.29 0.20

*Significant at 5 % level of significance




APPENDIX - IV

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on plant

height

Source of variation

Plant height (cm)

2017-18 2018-19

df 150DAP | 210 DAP 270DAP | 330DAP | 150DAP | 210DAP | 270DAP | 330DAP
Replication 2 14.69 158.60 120.27 234.02 13.73 91.12 119.70 219.8
tcegzaf;lﬁb('l'\;?mem 2 100.82* 446.34% 736.86* 2972.02¢ |  133.68* 53570 | 135213% | 2785.63*
Error a 4 7.98 63.23 86.98 393.39 6.13 70.67 90.22 264.17
INM(F) 4 44,66 282.07* 547.50% 363.40% 18.33* 248 44* 393.00% | 403.29*
M x F 8 218 15.47 43.93 256.44 1.88 9.08 26.54 261,50
Error b 24 124 8.64 21.69 111.98 113 9.08 19.24 113.08

*Significant at 5 % level of significance




APPENDIX -V (a)

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on leaf

area shoot™

Source of variation 2017-18

df 150 DAP 180 DAP 210 DAP 240 DAP 330 DAP 390 DAP
Replication 2 3066.91 20429.30 1093382.69 4241.25 56131.88 35063.79
Crop establishment technique (M) 2 2922.25 164114.35* 1234515.43* 1017106.41* 192593.34 59374.01
Error a 4 2587.07 12995.27 110543.28 113518.70 61866.26 31033.31
INM(F) 4 2425.78* 18633.81* 77185.60* 178482.22* 82556.05* 2848.00
MxF 8 318.65 1942.31 15947.12 3823.68 7052.49 177451
Error b 24 296.51 1178.07 9121.33 11609.27 8500.09 3896.52

*Significant at 5 % level of significance




APPENDIX -V (b)

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on leaf

area shoot™
Source of variation 2018-19

df 150 DAP 180 DAP 210 DAP 240 DAP 330 DAP 390 DAP
Replication 2 14964.79 166582.64 966260.80 57915.50 234986.20 34080.23
Crop establishment technique (M) 2 283.66 158886.81* 863401.45* 1533486.04* 342937.06 27639.43
Error a 4 3641.85 12765.11 110676.64 83395.17 168368.38 28786.15
INM (F) 4 1995.37* 36958.73* 115034.02* 83805.48* 175385.30* 3255.91
M x F 8 325.81 5347.32 16829.07 6614.57 3226.03 1339.02
Error b 24 423.25 2861.80 12112.14 8409.55 5542.83 3374.79

*Significant at 5 % level of significance




APPENDIX - VI

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on Leaf
area index (LAI)

Source of variation 2017-18 2018-19
df 120 150 180 210 240 300 120 150 180 210 240 300

DAP DAP DAP DAP DAP DAP DAP DAP DAP DAP | DAP DAP
Replication 2 0.0221 0.026 0.827 1.25 1.336 0.952 0.0237 0.0281 0.497 0.80 0.37 1.165
Crop establishment technique (M) 2 | 0.0411* | 0.158* | 1.456* | 4.30* | 11.113* | 1.812* | 0.0467* | 0.1688* | 1.533* | 4.85* | 8.98* | 2.166*
Error a 4 0.0056 0.007 0.053 0.26 0.482 0.245 0.0058 0.0032 0.045 0.24 0.49 0.231
INM(F) 4 0.0064 0.014 0.249 0.80 2.116 0.359 0.0052 0.0099 0.270 0.96 1.66 0.553
MxF 8 | 0.0004* | 0.002* | 0.029* | 0.09* | 0.122* | 0.049* | 0.0002* | 0.0008* | 0.018* | 0.03* | 0.07* | 0.009*

Error b 24 | 0.0008 | 0.002 | 0.013 | 0.04 0.055 0.040 | 0.0005 | 0.0008 | 0.010 | 0.03 | 0.03 | 0.031

*Significant at 5 % level of significance




APPENDIX - VII

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on Leaf

area duration (LAD)

Source of variation

LAD
90-150DAP 150-210DAP 210-270 DAP

df 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
Replication 2 4.46 6.71 2373.08 1058.87 2878.40 2560.56
Crop establishment technique (M) 2 49.80* 110.31* 8399.66* 5852.14* 7971.93* 14603.95*
Error a 4 6.55 7.64 382.20 24424 801.13 691.22
INM(F) 4 6.86* 7.78* 1979.08* 826.40* 4177.73* 3913.62*
MxF 8 0.46 1.56 157.25* 93.22* 301.79* 538.32*
Error b 24 1.00 0.79 75.71 18.33 35.13 7.51

*Significant at 5 % level of significance




APPENDIX - VIl

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on Crop
growth rate (CGR)

Source of variation Crop Growth Rate
90-150DAP 150-210 DAP 210 -270 DAP 270-330DAP 330-390DAP
df | 2017-18 | 2018-19 | 2017-18 | 201819 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19
Replication 2 | 0.020 0.022 0.59 2.35 12.47 14.90 58.43 24,51 3.425 0.350
ti[:%'?"e;lﬁb('l'\;?mem 2 | 0.460 0.553 17.81* 15.49% 72.93* 58.20% | 60.57* | 61.45* 1.830 2.082
Error a 4 | 0183 0.203 1.85 2.18 8.43 6.68 7.96 6.42 0.743 0.888
INM(F) 4 | 0207 0.145 7.24% 7.54* 21.13* 21.33% | 2226% | 2883* | 0217 0.225
M x F 8 | 0049 0.044 0.08 0.24 2.26 1.79 0.13 0.50 0.021 0.089
Error b 24 | 0,078 0.06 0.16 0.15 1.01 1.12 1.16 0.66 0.081 0.088

*Significant at 5 % level of significance




APPENDIX - 1IX

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on
Relative growth rate (RGR)

Source of variation

Relative Growth Rate (RGR)

90-150DAP 150-210 DAP 210 -270 DAP 270-330DAP
df 2018 2019 2018 2019 2018 2019 2018 2019
Replication 2 0.598 0.305 0.282 3.140 5.753 4.408 2.709 3.295
ti[:%'?"e;lﬁb('l'\;?mem 2 0.522 0.254 0.988 1.348 0.857 0.588 0.705 0.711
Errora 4 0.273 0.282 0.363 0.750 0.142 0.269 0578 0.774
INM(F) 4 0.129 0.106 0.512 0.463 0.431 0.511 0.233 0.239
M x F 8 0.026 0.023 0.049 0.038 0.112 0.098 0.023 0.022
Error b 24 0.026 0.025 0.069 0.057 0.064 0.074 0.050 0.061

*Significant at 5 % level of significance




APPENDIX - X

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on N

related parameters

Source of variation

Chlorophyll content (mgg™)

Chlorophyll content

Green seeker NDVI

Crop canopy temperature

at 330 DAP (mgg™) at 360 DAP (°C)
df | 2017-18 | 2018-19 | 2017-18 2018-19 2017-18 2018-19 | 2017-18 2018-19
Replication 2 0.011 0.049 0.011 0.026 0.0013 0.0025 3.15 1.99
ti[:%'?"e;lﬁb('l'\;?mem 2 0.007 0.005 0.054 0.031 0.0013 0.0030 3.58 7.32
Errora 4 0.023 0.030 0.046 0.055 0.0025 0.0006 8.04 7.24
INM(F) 4 0.046* 0.048* 0.068* 0.077* 0.0028* 0.0026* 5.46* 4.87*
M x F 8 0.003 0.006 0.002 0.002 0.0007 0.0003 0.99 0.60
Error b 24 0.007 0.007 0.005 0.007 0.0003 0.0004 0.90 1.12

*Significant at 5 % level of significance




APPENDIX - XI

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on root
length and root dry weight

Source of Root length (cm) Root dry weight
variation
120DAP 150DAP 180DAP 120DAP 150DAP 180DAP
df | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 2018-19

Replication 2 19.41 22.04 11.26 25.99 38.26 41.59 0.40 9.42 14.98 16.71 11.04 45.33
Crop
establishment 2 | 193.56* | 147.48* | 214.34* | 184.47* | 167.19* | 279.57* | 551.94* | 522.71* | 683.62* | 659.02* | 1497.24* | 1131.77*
technique (M)
Error a 4 2.25 2.31 4.25 2.71 3.43 6.23 4.47 7.55 16.91 16.11 12.43 10.72
INM(F) 4 9.75* 6.57* 5.94* 9.06* 40.13* 53.10* 15.68* 18.25* 30.34* 30.14* 41.40* 21.62*
M xF 8 1.25 0.47 0.43 0.22 0.63 2.81 0.79 0.61 2.69 1.95 3.67 3.182
Error b 24 0.74 0.61 1.17 0.31 1.65 1.9 0.83 0.43 1.33 1.05 1.67 1.82

*Significant at 5 % level of significance




APPENDIX - XII

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on dry
weight of above ground biomass

Source of Dry weight of above ground biomass
variation
2017-18 2018-19
210 DAP 270 DAP 210 DAP 270 DAP
df Stem Leaves Total stem Leaves Total Stem leaves Total Stem leaves Total
Replication 2 3.21 76.02 140.83 202.16 86.82 200.25 9.13 89.45 151.31 154.63 43.06 259.15
Crop

establishment 2 |319.87* | 39.24 779.38* | 149.03* | 158.39 | 2058.062* | 235.74* | 80.80 | 576.71* | 1461.16* | 132.05 | 2413.39*
technique (M)

Error a 4 7.86 24.62 70.27 19.03 58.82 151.03 6.88 36.99 54.42 58.39 72.55 271.60
INM(F) 4 | 53.09* | 64.05* | 124.43* | 74.92* | 86.68* 214.78* 37.37* | 46.53* | 124.31* | 658.68* | 55.68* | 1002.05*
M x F 8 1.23 13.16 10.84 4.28 5.45 4.48 1.33 2.33 10.46 7.27 2.64 63.38
Error b 24 0.90 8.11 7.87 6.58 8.53 16.97 0.759 3.49 6.86 11.58 7.66 30.79

*Significant at 5 % level of significance




APPENDIX - X111

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on yield
attributing characters

Source of variation Millable cane length Millable cane diameter (cm) Number of millable cane Single cane weight
(‘000 ha™)

df 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
Replication 2 68.88 358.49 0.003 0.077 128.96 547.85 0.0013 0.0024
ti;%%fizb('l'\;gmem 2 2123.80% | 3710.14* 0.002 0.005 489.28* 49450 | 0.0219% | 0.0242*
Error a 4 296.52 412.66 0.033 0.02 51.97 43.59 0.0024 0.0030
INM(F) 4 665.64* 828.19* 0.008 0.005 109.13* 89.66* 0.0057* 0.0073*
MxF 8 43.89 152.74 0.001 0.002 21.182 2.10 0.0008 0.0007
Error b 24 53.48 69.41 0.004 0.002 11.95 7.75 0.0013 0.0012

*Significant at 5 % level of significance




APPENDIX - XIV

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on yield
attributing characters

Source of variation Length of internodes Number of internodes plant™
Bottom Middle Top

d.f 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
Replication 2 0.60 0.30 2.55 0.47 0.06 0.08 18.85 5.33
tceziﬂf;ib('l'\;?mem 2 3.85 4.48* 8.82* 14.40* 3.94% 3.10* 12.15* 20.96*
Error a 4 0.50 0.56 1.22 1.17 0.45 0.42 1.69 3.01
INM(F) 4 0.55* 0.62* 1.24* 1.17* 1.33* 0.64* 6.00* 5.59*
MXxF 8 0.46 0.41 0.13 0.23 0.38 0.08 1.82 243
Error b 24 0.20 0.22 0.19 0.23 0.21 0.11 0.91 1.08

*Significant at 5 % level of significance




APPENDIX - XV

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on yield of
sugarcane and Harvest index (HI)

Source of variation Cane yield Green top Trash yield Biological yield Harvest index
df | 2017-18 |2018-19 | Pooled | 2017-18 |2018-19 | Pooled |2017-18| 2018-19 | Pooled | 2017-18 | 2018-19 | 2017-18 | 2018-19
Replication 2 | 21255 | 22142 | 20534 | 296 | 312 | 214 | 131 | 052 | 145 | 5064 | 1977 | 2433 | 22.88
tig%%quaib('l'\;;‘mem 2 | 164451* |1531.91%|1584.94%| 7.13* | 9.48* | 8.47* | 6.034* | 4.74* | 5.96* | 2187.66* | 2016.24* | 7.92 7.21
Error a 4| 13045 | 6281 | 89.07 | 092 | 085 | 077 | 027 | 029 | 047 | 7013 | 18872 | 2114 | 22.00
INM(F) 4 | 23257 |216.04* | 224.00% | 6.71* | 3.19% | 4.36* | 0.45% | 0.99* | 0.65% | 305.22* | 281.93* | 1.82 0.10
M x F 8| 638 | 2118 | 807 | 1.018 | 004 | 031 | 0050 | 0035 | 0.027 | 3635 | 1024 | 434 | 415
Error b 24| 1353 | 1046 | 879 | 045 | 036 | 028 | 003 | 0048 | 0076 | 17.60 | 17.14 | 461 2.98

*Significant at 5 % level of significance




APPENDIX - XVI

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on juice
quality parameters (Field brix)

Source of variation Field brix at 360 DAP Field Brix at 420DAP

Bottom Middle Top Bottom Middle Top

df | 2017-18 | 2018-19 | 2017-18 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19

Replication 2 1.92 20.61 8.52 5.06 0.38 0.51 3.72 0.98 7.79 10.51 1.78 0.91

Crop establishment

technique (M) 2 0.20 1.105 1.87 2.13 0.50 0.42 0.08 0.10 0.47 0.14 1.65 0.75
Error a 4 3.88 1.96 1.90 1.72 1.56 0.82 2.79 5.94 1.85 242 3.76 2.97
INM(F) 4 0.52 0.37 0.36 0.37 0.18 0.12 0.52 0.39 0.54 0.20 0.20 0.23
MxF 8 0.11 1.03 0.84 0.13 0.74 0.60 0.11 0.28 0.23 0.20 0.41 0.45

Error b 24 0.45 0.51 0.75 0.21 0.34 0.26 0.53 0.46 0.35 0.17 0.37 0.32




APPENDIX — XVII

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on juice
guality parameters and CCS yield

Source of variation Juice recovery% Sucrose% Purity (%0) CCS% CCS yield (tha™)
df 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Replication 2 57.88 61.46 3.62 3.79 17.62 21.26 0.40 2.07 1.77 1.18
gg%%f;ﬁib('l'\;gmem 2 20.71 29.93 0.56 0.84 10.08 1.89 0.37 1.12 24.53* 42.95*
Error a 4 0.98 13.40 1.40 0.97 14.34 19.15 0.38 0.39 1.21 1.76
INM(F) 4 32.29% | 50.25% | 0.23 0.27 5.94 8.81 0.63* 0.61* 4.52% 2.87*
M x F 8 1.56 1.79 0.068 0.20 7.45 2.38 0.23 0.18 0.09 0.47
Error b 24 2.03 2.38 0.14 0.13 5.07 4.79 0.21 0.31 0.21 0.26

*Significant at 5 % level of significance




APPENDIX - XVI1lII

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on jaggery
recovery and jaggery yield

Source of variation Jaggery % Jaggery yield

df 2018 2019 2018 2019
Replication 2 5.89 2.39 3.72 10.40
Crop establishment technique (M) 2 0.63 0.39 19.64* 19.48*
Error a 4 0.51 0.28 0.71 0.63
INM(F) 4 0.68* 0.83* 5.05* 3.92*
M x F 8 0.065 0.089 0.16 0.17
Error b 24 0.13 0.08 0.12 0.17

*Significant at 5 % level of significance




APPENDIX - XIX

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on
nitrogen content and uptake

Source of N Content in different plant parts N uptake by different plant parts
variation
Green top Cane stalk trash Green top Cane stalk trash
df | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 |2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19

Replication 2 | 0.0088 0.0084 0.0101 0.0016 0.0034 0.0041 51.92 64.18 571.53 903.42 46.17 112.06
Crop establishment 2 | 0.0048 0.0046 0.0011 0.0004 0.0005 0.0016 | 113.56* | 84.42* | 4981.75* | 5090.48* | 231.96* | 181.36*
technique (M)
Error a 4 | 0.0043 0.0041 0.0044 0.0011 0.0011 0.0013 5.77 7.15 159.41 121.06 21.79 16.40
INM(F) 4 | 0.0031* | 0.0029* | 0.0016* | 0.0015* | 0.0010* | 0.0014* | 63.70* | 39.95* | 806.36* 661.14* | 25.39* | 92.01*
M x F 8 | 0.0002 0.0002 0.0003 0.0002 0.0001 0.0001 3.74 2.69 46.55 45.16 341 1.32
Error b 24 | 0.0005 0.0004 0.0004 0.0003 0.0002 0.0002 2.10 2.28 39.69 23.17 1.63 2.23




APPENDIX — XX

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on
phosphorous content and uptake

Source of P content in different plant parts P uptake by different plant parts
variation
Green top Cane stalk trash Green top Cane stalk trash

df | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 [2017-18| 2018-19
Replication 2 | 0.00003 | 0.00008 | 0.00009 | 0.00019 | 0.00007 0.00004 7.14 5.38 73.72 71.55 0.18 0.14
Crop establishment | | 4 50005 | 0.00004 | 0.00004 | 0.00001 | 0.000008 | 0.000006 | 1.26* | 116* | 140.81% | 109.85% | 7.37% | 552+
technique (M)
Error a 4 | 0.00007 |0.000002 | 0.00002 | 0.00009 | 0.00007 0.00003 0.17 0.16 14.23 15.58 0.64 0.62
INM(F) 4 | 0.00003 | 0.00001 | 0.00001 | 0.000007 | 0.00001 0.00001 0.54* 0.33* 28.53* 21.09* | 1.60* 1.68*
M x F 8 | 0.00002 | 0.000002 | 0.000002 | 0.000003 | 0.000002 | 0.000003 0.01 0.02 2.43 1.64 0.31 0.35
Error b 24 | 0.00001 | 0.000005 | 0.000005 | 0.00001 | 0.00001 | 0.000005 0.03 0.06 2.00 2.92 0.21 0.18

*Significant at 5 % level of significance




APPENDIX - XXI

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on
potassium content and uptake

Source of variation

K content in different plant parts

K uptake by different plant parts

Green top Cane stalk trash Green top Cane stalk trash

df | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 | 2017-18 | 2018-19 |2017-18 | 2018-19
Replication 2 | 0.0680 | 0.008 | 0.0022 | 0.0050 | 0.0060 | 0.0061 | 119.06 | 10.42 | 1620.58 | 1110.67 | 2.53 27.15
Crop establishment technique (M) 2| 0.0085 | 0.019 | 0.0002 | 0.0008 | 0.0005 | 0.0005 |122.31*| 112.54* | 7172.28* | 4644.02* | 107.69* | 70.99*
Error a 4| 0.0051 | 0.014 | 0.0006 | 0.0034 | 0.0022 | 0.0023 | 16.88 15.79 280.57 291.86 10.47 8.18
INM(F) 4 | 0.0025 | 0.0019 | 0.0041* | 0.0021* | 0.0006 | 0.0004 | 59.83* | 26.68* | 707.96* | 751.06* | 28.07* | 22.44*
MxF 8 | 0.0008 | 0.0002 | 0.0003 | 0.0001 | 0.0003 | 0.0003 | 7.85 0.95 63.55 12.98 2.30 2.24
Error b 24| 0.0013 | 0.0009 | 0.0001 | 0.0002 | 0.0002 | 0.0002 | 3.58 4.44 51.02 43.37 1.33 1.9

*Significant at 5 % level of significance




APPENDIX — XXI|I

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on total
nutrient uptake by plant

Source of variation

Total Nitrogen uptake (Kg/ha)

Total Phosphorous uptake (Kg/ha)

Total Potassium uptake (Kg/ha)

df

2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
Replication 2 1724.72 2854.12 80.89 120.53 564.74 806.38
Crop establishment technique (M) 2 9206.81* 8526.72* 219.59* 212.52* 8830.21* 6952.06*
Error a 4 891.68 912.49 17.77 14.60 360.59 503.95
INM(F) 4 1881.15* 2287.18* 42.01* 31.03* 2376.21* 2689.13*
MXxF 8 49.37 55.54 451 131 48.61 43.01
Error b 24 47.02 59.74 2.31 1.70 31.09 35.10

*Significant at 5 % level of significance




APPENDIX — XXI1I

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on Soil
pH, Soil organic carbon % and microbial population

Source of variation Soil pH Soil organic carbon % Fungi population Bacterial population
df 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
Replication 2 0.064 0.028 0.0017 0.0011 0.160 0.898 0.33 0.35
ti[:%%fqﬁb(':\%‘mem 2 0.002 0.005 0.0006 0.0004 0.004 0.025 0.0008 0.005
Error a 4 0.057 0.071 0.0018 0.0023 0.103 0.119 0.15 0.15
INM (F) 4 0.005 0.008 0.0152* 0.0204* 0.990* 0.713* 4.04* 4.11*
MxF 8 0.002 0.011 0.0001 0.0001 0.008 0.008 0.015 0.026
Error b 24 0.002 0.008 0.0003 0.0002 0.026 0.039 0.036 0.045

*Significant at 5 % level of significance




APPENDIX — XXIV

Analysis of variance (Mean square) for the effect of crop establishment techniques (M) and integrated nutrient management (INM) on soil

nutrient status

Source of variation

Available N in soil

Available P,Os in soil

Available K,O in soil

df 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
Replication 2 678.31 4759.13 18.72 13.30 383.86 302.63
Crop establishment technique (M) 2 33.0 1.33 2.147 0.49 60.38 90.16
Error a 4 283.79 44452 421 521 387.86 244,94
INM (F) 4 920.72* 1001.37* 28.31* 23.30* 814.35* 665.52*
MxF 8 88.03 20.88 0.90 111 107.02 79.74
Error b 24 38.25 47.89 0.64 0.93 46.38 58.14

*Significant at 5 % level of significance




