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REVIEW PAPER

I mportance and progresses of microsatellite markersin Sugarcane (Saccharum spp.
hybrids)

RAM B SINGH?, SEWETA SRIVASTAVA*, ASHOK K VERMA?, BALWANT SINGH? and
RAM K SINGH?

Centre for Sugarcane Biotechnology, Sugarcane Research Institute, UPCSR, Shahjahanpur, U.P--242 001
23vami Satyanand College of Management and Technology, Anritsar, Punjab-143 001

ABSTRACT

To strengthen the sugarcane (Saccharum spp. hybrids) molecular breeding programmes, exploration of microsatellites
or simple sequence repeats (SSRs) markers are val uabl e technique in among the avail able molecular marker tools. These
are functional markers having tandem repeats of 2-6 bp long DNA motifs and used for genotyping of plant population.
Modern sugarcane hybrids are highly poly-enuploidy, low fertility, huge genome size and fluctuating environmental
interactions. During past two decades, enormous efforts have been made to devel op microsatellite (SSRs) based principals,
techniques, methods, and applications in cereal crops. Unfortunately, the genomic studies in sugarcane are very limited
because of itslarger and genomeinstability. Present review focusesrecent devel opmentsand future prospects of microsatellite
markersin general and specia reference regarding the improvement of sugarcane and sugar productivity through marker

assisted selection (MAS).

K ey words: Microsatellite markers, Saccharumspp. hybrids, Crosstransferability, Genomic/cDNA library.

Sugarcane Genome complexity and Taxonomy

Sugarcane (Saccharum spp. hybrids) is an economically
important agricultural crop in many tropical and subtropical
countries for production of sugar and biofuels. It belongs to
the genus Saccharum L., acomplex polyaneuploid and highly
heterozygous crop belonging to the family Poaceaeinthetribe
Andropogoneae. Commercial cultivars are hybrids, derived
from Saccharum officinarum (Noble clones; 2n = 80,
octoploid), and S. spontaneum (a wild species with no sugar
and thin culms; 2n = 40-128) with minor contribution of S,
sinense Roxb (Chinese clones; 2n = 80-124) and S. barberi
Jesw (North Indian clones; 2n = 111-120). The segregating
progenies were repeatedly backcrossed with S. officinarum
clones to recover the favorable alleles for sugar content and
to transfer disease resistance genes from the wild S.
spontaneum. This process is referred as ““introgression/
nobilization” (Roach 1972). Because of its multi specific
origin, sugarcane isthought to have one of the most complex
plant genomes, carrying variable chromosome numbers
(generally 2n = 100-130) with a commensurately large DNA
content (Lu et al. 1994). The basic genome size ranges from
760 to 926 Mbp, which is twice the size of the rice genome
(389 Mbp) and similar to sorghum (760 Mbp) (D’Hont &
Glaszman 2001).

*Corresponding Author E-mail: shalu.bhu2008@gmail.com

In sugarcane conventional breeding programs, few hybrids
were extensively used for the hybridization events. Thus,
genetic base of modern sugarcane has become very narrow
and this has been revealed as one of the critical factors
responsible for the sluggish progress currently being
experienced by various sugarcane improvement programs
(Singh et al. 2011). Characterization of such large genomeis
greatly facilitated by the use of molecular markers. In the
present review article, authors have tried to explain all about
the microsatellite (SSR) makers based genetic studies in
sugarcane i.e. principles, techniques, procedures and their
worldwide applications in sugarcane molecular studies.

Sugarcane Conventional versus Molecular Breeding

In spite of its immense economic importance, sugarcane
genetics hasreceived relatively little attention as compared to
other crops, mainly due to its heterozygous nature, complex
genome, poor fertility, and the long breeding/selection cycle.
Conventional plant breeding is principally based on the
phenotypic selection of superior individualsamong segregating
progenies generating from hybridization process. The
significant difficulties (genotype-environment interactions) are
often encountered during the process of phenotypic selection
for agronomically important traits (Babu et al. 2002). In
conventional sugarcane variety improvement programs one
cycle takes an average, ten years from hybridization to the
release of varieties. This is the main cause of slow rate of
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devel oping high sugar, high yielding and pest tolerant varieties.
Improvement in sugar content is more desirable because much
amount of sucrose in less biomass can be produced which
would result the less cost of sugarcane production (Singh et
al. 2005). The complexity of the sugarcane genome inhibited
large efforts and investments in the development of
biotechnology and genetic tools for this crop. Hence,
insufficient efforts are being made at molecular level to
improve sugarcane biomass production and sugar yields.
Previoudly varietal improvement relied on crossing and long
selection, but now PCR based molecular techniques are being
used in concert with those more conventional approaches to
increase sugarcane and sugar yields. Use of an efficient
molecular marker system is essential for sugarcane genome
for understanding the genetic and taxonomic complexity, and
broadening the genetic base of sugarcane cultivars, thereby
improving sugar yield and its stabilization against abiotic and
biotic stresses. There is still great interest among sugarcane
breeders in broadening the genetic base of the crop and also
in taping into the gene pool of the wild relatives to improve
stress-resistance and sucrose content (Tai and Miller 2002).
Breeding gainsin sugarcane, even when substantial (Edme et
al. 2005), have been slow in recent years, possibly as aresult
of afounder and/or genetic bottleneck effect. Classical genetics
has been unreliable at ascertaining the introgression of
beneficial alelesfromthewild into the cultivated background
and at eliminating linkage drag. Molecular approaches have
improved the tracking of species-specific alleles in inter
specific hybrid backgrounds and the investigation of co-
linearity and recombination of chromosomal segments between
the parents. Recombination is crucial in the transfer of genes/
allelesfrom wild speciesto the cultivated background and for
this strategy to have an impact in plant breeding.

Table1l Classification of microsatellites (Kaliaet al. 2011)
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Microsatellites markers

Microsatellites (Litt & Luty 1989), are generally known as
short tandem repeats (STRs, Edwards et al. 1991), simple
sequencerepeats (SSRs, Jacob et al.1991) or smple sequence
length polymorphism (SSLP, Tautz 1989). Dueto presence of
several genetic attributes like multi-allelic nature, hyper
variability, co-dominant inheritance, high reproducibility,
chromosome specific location they show significant valuein
sugarcane genetics, breeding and assessed through (Thiel et
al. 2003) PCR based genotyping methods.

Based on short tandem repeats microsatellite markers are
2-6 bp long DNA sequences, broadly dispersed in the
eukaryotic genomes ranging from yeasts to vertebrates
(Hamada et al.1982). These microsatellites also have been
abundantly confirmed in plants and differed from animalsin
terms of nucleotides repeats (Tauz et al.1984). Genome of
plants showed richin AT sequenceswhereasanimalshaveAC
repeats abundantly (Powell et al.1996). A high degree of allelic
variation by these markers showed the differences in the
number of repest units caused by dlippage of DNA polymerase
during replication (Jame and Lagoda, 1996) or unequal
crossing-over during meiosis(Goldstein and Schlotterer 1999).

Moreover, SSRs are categorized in various ways on the
basis of (A) number of nucleotides per repeat unit, as mono,
do, tri, tetra, penta or hexanucleotides (Tablel) and (B)
arrangement of nucleotides in the repeat motifs, they are
divided into perfect, imperfect, compound microsatellitesand
region of cryptic simplicity (Wang et al. 2009). Perfect repeats
are tandem arrays of a single repeat motif, whereas, in
imperfect repeat; perfect repeats are interrupted by non-repeat
motifs at some locations. In compound microsatellites, two
basic repeat motifs are present together in various
configurations. Most of the microsatellites (SSRs) are nuclear
SSRs; however, microsatellites are also distributed in

(A) Based on the number of nucleotides per repeat

Mononucleotide (A)11

CTCTCTCTCTCT

Dinucleotide (CT)g

Trinucleotide (CTG), CTGCTGCTGCTG

Tetranucleotide (CAGA), CAGACAGACAGACAGA
Pentanucleotide (AAATT)s AAATTAAATTAAATTAAATT
Hexanucleotide (CTTTAA)e CTTTAACTTTAACTTTAACTTTAA

(B) Based on the arrangement of nucleotides in the repeat motifs (Wang et al.

2009)

Perfect repeat (when repeat tract pure for one motif)
Compound SSR (when repeat tract pure for two motifs)
Imperfect SSR (if single base substitution)

Region of cryptic simplicity (if complex but repetitive structure)

CTCTCTCTCTCT
CTCTCTCACACA
CTCTCTACTCTCT
GTGTCACACAGT

(C) Based on location of SSRs in the genome

Nuclear (nUSSRs)
Chloroplastic (cpSSRs)
Mitochondrial (mtSSRs)
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mitochondrial and chloroplast’s genomes.

A. Chloroplast microsatellites

The study of the chloroplast provides information on the
population dynamics of plants that is corresponding to that
obtained from the nuclear genome. Chloroplast microsatellites
consisting of relatively short and many mononucleotide
stretches such as (dA)n 9 (dT)n, they are ubiquitous and
polymorphic components of chloroplast genome (Powell et
al.1995). Chloroplast genome based markers uncover genetic
discontinuities and distinctiveness among or between taxawith
slight morphological variation, which sometimes cannot be
revealed by nuclear SSR markersasinter-breeding and genetic
exchange has obscured the evidence of past demographic
patterns (Wolfe et al.1987). Chloroplast SSRs (cpSSRs)
markers loci, containing both microsatellites (cpSSRs) and
single nucl eotide polymorphisms (SN Ps) have been identified
for Miscanthus, Saccharum and related grasses (Mariateresa
et al. 2010).

B. Mitochondrial microsatellites

Plant mitochondrial genome (mMtDNA) is more complex
than animal mitochondrial (mtDNA) genome. In maize
mitochondrial genome has been estimated to be 320 MDa
(Sederoff et al.1981). In addition to larger size, plant mtDNA
ischaracterized by molecular heterogeneity observed asclasses
of circular chromosomes that vary in size and relative
abundance. In plants, mitochondrial genomes are not usually
used for phylogenetic analysis due to a high rate of sequence
reorganization. However, mitochondrial haplotype diversity
related to sequence rearrangement proved useful in population
differentiation of pine and fir taxa (Sperisen et al. 2001).

Microsatellite evolution: mutational mechanism of SSR
variation

Microsatellite (SSRs) variationsin the form of increase or
decrease in number of repeats due to mutation is known as
microsatellite (SSR) evolution. Microsatellite genesis is an
evolutionarily dynamic process and has proven to be much
complex (Pearson et al. 2005). The mechanism for
microsatellite originincludessingle-stranded dippage of DNA
polymerase during replication (Ellegren et al. 2002), unequal
crossing over & gene conversion, mismatch/double strand
break repair and retro-transposition. During DNA replication,
slipping of DNA polymerase |11 on the DNA template strand
at the repeat region may cause the newly created DNA strand
to expand or contract in the repeat region if the mismatches
are not repaired (Wang et al. 2009).

Distribution of microsatellites (SSRs) within the genome
Degspitetheir ubiquitous occurrence, microsatellite density
and distribution vary markedly across genomesand randomly
distributed throughout the organism’s genome i.e. coding as
well as non-coding regions but many lines of evidences have
demonstrated that SSRsal so constitute alarge fraction of non-
coding DNA (Dieringer et al. 2003). Many reports have been

IMPORTANCE AND PROGRESSES OF MICROSATELLITE MARKERS IN SUGARCANE 3

revealed that SSRs of coding regions are located in protein
coding genes and expressed tags (ESTSs), however repeats of
theseregionsare comparatively low (Li et al. 2004). In cereals
(maize, wheat, barley, sorghum, and rice) 1.5%-7.5% of ESTs
consist of SSRs(Thiel et al. 2003). These ESTs have arange
of functions such as metabolic enzymes, structural and storage
proteins, disease signaling, and transcri ption factors suggesting
some roles of SSRsin plant metabolism and gene evolution.

Development of microsatellite markers

Conventionally, microsatellites (SSRs) loci have isolated
from partial genomic libraries of the plant of interest by
screening thousands of clones using colony hybridization
method with repeat containing probes. This way of
microsatellite (SSR) isolation is relatively simple in case of
microsatellite rich genomes, but can be extremely inefficient
for the species having low microsatellite frequencies (Zane et
al. 2002). Conventional genomic library construction and
subsequent screening is time intensive, tedious and costly
process which requires high level of scientific skill. AT
dinuclectide repeats, which are the most abundant type of SSR
in plants genomes, are much difficult to isolate from genomic
libraries because they are palindromic (Powell et al.1996).
The updates of microsatellite devel opment for sugarcane are
givenin Table 2.

Development of microsatellites from EST sequences (genic
or EST-SSRs)

Expressed sequencetags (ESTS), obtained by partial random
sequencing of cDNA libraries, are 300-500 nucleotide long
single read MRNA sequencesfrom any of the genes expressed
in a sample from an organism and they represent a snapshot
of gene expression in a specific organ or tissue at a specific
developmental stage. A wealth of sequence data of ESTs has
been generated as a result of sequencing projects for gene
discovery from several plant species, giving scientists the
flexibility to access many full-length cDNA clones and
characterized genes. These sequencesare usually availablein
online databases in public domain, and can be downloaded
and scanned for identification of SSRs. Theseidentified SSRs
are usually referred to as EST-SSRs or genic microsatellites.
For the development of microsatellites (SSRs), more
sophisticated, user-friendly microsatellite-specific software
tools are used to screen the sequence data of ESTs (Varshney
et al. 2007) as, MISA (MlcroSAtellite), SSR finder, Sputnik,
SSRIT (SSR Identification Tool), SSR SEARCH and TRF
(Tandem Repeat Finder) etc.

Cross transferability of microsatellite (SSR) markers

A regular use of SSR markers for molecular breeding and
other applied research in crop plants depend on the
development of alarge number of SSRs primersfor the species
of interest. Thefirst constraint of SSRs as molecular markers
isthe cost and research efforts required to develop by means
of cloning and sequencing SSRs containing DNA fragments.
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Table2 Some reports on identification and development of SSRs through EST database, unigenes and genomic library in

sugarcane

Application

Description

References

Genomic-SSRs
Development

Large set of microsatellite markers had developed and designated as Sugarcane
Enriched Genomic Microsatellite (SEGMS) with 6,318 clones from genomic

(Parida et al. 2009)

libraries of two hybrid sugarcane cultivars (‘Co7201’ and ‘Co86011’) enriched

with 18 different microsatellite repeat-motifs.
Unigene microsatellite markers were developed and utilize in diversity and

mapping of sugarcane

The protocol of the development of enriched microsatellite libraries in

(Parida et al. 2006)

(Cordeiro et al. 1999b)

Saccharum was optimized and modified for better performance of the

procedure.

Microsatellite markers for genome analysis in Saccharum spp. was identified

(Cordeiro et al. 2000)

from an enriched genomic DNA library constructed from Saccharum sp. cv

Q124.2

EST-SSRs
Development

EaCIR1, a 371-bp Erianthus specific satellite DNA sequence, was cloned from
Tagl regtricted genomic DNA. PCR primers defined in the conserved regions of

(Alix et al. 1998)

the repetitive sequences were used to isolate other satellite DNAs in different

representatives of the Saccharum complex.

Expressed sequence tags (ESTS) in the Saccharum spp. database (SUCEST)

(DaSilvaet al. 2001)

were electronically searched and 402 SSRs identified and SSR primers were

designed.

A survey was carried out in the publically available SUCEST (sugarcane EST)

(Pinto et al. 2004)

database that revealed atotal of 2005 clusters out of 43 141 containing SSRs
including, 8.2% dinucleotide, 30.5% trinucleotide, and 61.3% tetranucleotide

repeats.

Total 2,60,000 independent clones were sequenced from the 5’ end in the

(Figueiredo et al. 2001)

Sugarcane Expressed Sequence Tag (SUCEST) database, that was obtained
from 37 cDNA libraries prepared from different tissues.

An EST database was developed for sugarcane and obtained some potentially

(Deborah et al. 2002)

useful information on sugarcane gene sequences.

An EST survey was carried out of the sugarcane transcriptome

(Maet al. 2004)

Unigene SSRs
development

Microsatellites were developed from unigene sequences assessed their
functional significance in silico, determinate the allelic diversity and for

(Parida et al. 2010)

evaluated their utility in large-scale genotyping applications in sugarcane.

Some comparative genetic studies of the genomes have
exposed that gene content and order are usually conserved
among the grasses which has been a icon of a “single genetic
system” (Devos 1997, Bennetzen and Freeling 1993).
Sequence data obtained from a number of crop plants show
enough homology existing between genomes in the flanking
regions of the SSRsloci (Sahaet al.2004). Such homology in
the flanking regions of SSR loci has extended the utility of
these markers to related species and genera where no
information on SSRs has existed. Thus primers designed on
the basis of the sequence obtained from one crop could be
used to amplify SSRsin related species (Kuleung et al. 2004).
SSRs cross transferability informations are summarized in
Table 4.

Microsatellites (SSRs) based fingerprinting techniques

1. Sequence-tagged microsatellite site markers (STMYS)
This method explores DNA polymorphism using specific
primers designed from the flanking sequence of microsatellite

motifs are known as sequence tagged microsatellites sites
(STMS) markers (Beckmann and Soller 1990). These
microsatellite motifsare conserved within the particul ar species
and often across the species within a genus and even across
related genera (Gupta and Varshney 2000). Primers
complementary to the flanking regions of the simple sequence
repeat loci (Weber et al.1989) yield highly polymorphic
amplification products. These markers show polymorphism
due to variation in lengths of the microsatellites at individual
microsatellite loci.

2. Inter smple sequence repeat markers (I1SSR)

The inter simple sequence repeats (ISSRs) are a type of
molecular marker they involve in PCR amplification of DNA
by a single primer 16-18 bp long composed of a repeated
sequence anchored at the 3’ or 5’ end by 2-4 arbitrary
nucleotides (Zietkiewicz et al.1994). | SSRsare easy to handle,
highly informative and repeatable. Since repeated sequences
are abundant throughout the genome, SSR primers anneal in
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Table 3. Applications of the SSR markers for fingerprinting and phylogenetic analysisin Saccharum spp.

Application

Description

Reference

DNA Data analysis showed the potential of SSR markers viz; they can identify co-
dominance, polymorphism and inheritance in sugarcane.
Forty eight sugarcane varieties and breeding lines from the USDA Louisiana

fingerprinting

(Cordeiro et al. 1999a)

(Pan et al. 20093)

collection were fingerprinted by SSR markers, SMC334BS, SMC336BS.

This isthe patent related to Saccharum spp. SSRs and their flanking region

(Matsuoka et al. 2010)

sequences, method of SSRs isolation, and methods applicable for

fingerprinting.

Forty genotypes of sugarcane, as elite lines, commercial cultivars of

(Nawaz et al. 2010)

Saccharum officinarum and clones of S. barberi were fingerprinted with 50

SSR markers.

Genetic diversity Genetic diversity among members of the genera Saccharum (S. officinarum, S. (Cordeiro et al. 2003)
spontaneum, S sinense), Old World Erianthus Michx. sect. Ripidium, North
American E. giganteus (S giganteum), Sorghum and Miscanthus were

assessed

Genetic relationship were established among five Saccharum species
Genetic diversity of five S officinarum clones and sugarcane cultivars was

assessed

Genetic diversity was established among a selection of sugarcane varieties

(Brown et al. 2007)
(Riascos et al. 2003)

(Glynn et al. 2009)

used in the breeding programs of Florida, Louisiana and Texas.

The utility of sugarcane SCM markers, genomic microsatellites and SEGMS

(Singh et al. 2010)

markers was evaluated to assess the genetic diversity among sugarcane

germplasm collection.

Genetic diversity was analyzed among Chinese and U.S. sugarcane varieties

(Liang et al. 2010)

and six vegetative clones of related wild species from Guangxi, China and

India using capillary electrophoresis (CE).
Genetic diversity was assessed among red rot resistant/susceptible genotypes

(Singh et al. 2012, 2013)

and among the clones of Saccharum spontaneum.

Molecular

genotyping platform using 21 SSR markers

Capillary electrophoresis based molecular genotyping was completed of

Genotyping was done on a fluorescence-capillary electrophoresis detection

(Pan Y B, 2010a)

(Pan et al. 2003)

sugarcane clones using polymorphic SSR markers.

several regions typically giving a complex amplification
pattern in which fragments are often polymorphic between
different individuals. A range of microsatellites anchored at
the 3’ end to amplify genomic DNA and increase of their
specificity. These are mostly dominant markers, though
occasionally afew of them exhibit co-dominance. An unlimited
number of primers can be synthesi zed for various combinations
like di-, tri-, tetra- and penta- nucleotides etc. with an anchor
made up of a few bases and exploited for a broad range of
applications.

3. Randomly amplified microsatellite polymorphism (RAMP)

Microsatellite-based markers are highly polymorphic and
co-dominant but their development is time taking and labor-
intensive process. However, RAPD marker techniques are
inexpensive but show a lower level of polymorphism. To
recompense for the shortcomings of these two molecular
analysis techniques, another molecular approach have been
evolved and termed as random amplified microsatellite
polymorphisms (RAMP). It wasintroduced by Wu et al.1994.
This technique exploits a radio labeled primer to amplify

genomic DNA in the presence or absence of RAPD primers.
The banding profiles of PCR products are observed using
denaturing polyacrylamide gel electrophoresis (PAGE),
derived from the anchored primers. Most of the fragments
obtained with RAMP primers a one not amplified when RAPD
primers are included. Unique patterns are obtained with the
same RAMP primer and different RAPD experiments, reveals
that RAPD primers compete with RAMP primer during the
low annealing temperature PCR cycles.

4. Retrotransposon-microsatellite amplified polymorphism
(REMAP)

REM AP determines the polymorphism in retrotransposon
insertion sites, between retrotransposons and microsatellites
(SSRs). The REM AP method exploitsan outward-facing LTR
primer and a second primer from a microsatellites motif.
REMAP primersaredesigned to the (GA), (CT), (CA), (CAC),
(GTG) and (CAC) microsatellites and anchored to the
microsatellite 3t terminus by the addition of asingle selective
base at the 3 end (Kalendar et al. 1999). The polymorphism
is detected at about 30 bands by the presence or absence of
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Table4 Somereportsof the applications of the SSR markersfor paternity, fidelity analysisand crosstransferability in Saccharum

SPp.

Application

Description

Reference

Parental Screening Ten SSRs were used to analyze 13 potential parent cultivars and

(Hack et al. 2002)

investigated the assertion of mislabeling at planting and in a restricted
manner that of mislabeling at seed collection using SSR primers that

generated 75 markers.

Genetic identity of sugarcane clones were validated using SSR markers by

producing molecular fingerprints.
Hybrid Validation
using SSR markers.

Polymorphic SSR markers were identified and used with 5S rDNA PCR to

Intergeneric hybrids of Erianthus rockii and Saccharum were characterized

(Pan Y, 2007)
(Aitken et al.2007h)

(Cai et al. 2005)

screen intergeneric (F1) clones from S officinarum x E. arundinaceus
crosses, and two Saccharum backcross populations.

Genetic Fidelity

Cross fidelity was assessed of progeny within the crosses that inherited SSR  (Tew et al. 2005)

DNA fingerprints from both parents using SSR molecular markers strategy.

Paternity Analysis

& varietal Testing  SSR markers technique.

Paternity of offspring was identified on a seven parent poly cross by using

(Tew et al. 2010)

Varietal identification was carried out of the five varieties by particular SSR (Pan et al. 2006)
markers, which showing polymorphism information content ranging from

56% to 80%.
Cross
Transferability

Polymorphism of Saccharum SSRs was tested in sugarcane cultivars that
was found to be low (0.23) and significantly higher level of polymorphism

(Cordeiro et al. 2001)

was detected when these markers were applied to offspring and related

genera (Erianthus sp. and Sorghum p.)

Rice and sugarcane SSR markers was used to phylogenetic and diversity

analysis in bamboo.

Maize microsatellite markers were exploited to genetic diversity and

fingerprinting study in sugarcane.

Parallel results were found to characterize the sugarcane clones by using

(Sharmacet al. 2007)
(Selvi et al. 2003)

(Banumathi et al. 2010)

SSR markers fromrice and it showed that SSR markers from other cereals

can be utilized for sugarcane study.

High polymorphism level was detected among sugarcane species, genera,

(Parida et al. 2009)

and varieties with high cross transferability rate within Saccharum complex

and cereals.

Unigene Sugarcane microsatellite markers were identified and used in the

(Singh et al. 2011)

study of cross transferability across the wide range of Saccharum complex

and related/ divergent genera.

the PCR product and lack of amplification indicates the
absence of the retrotransposon at the particular locus. Since,
the REM AP marker technique was highly polymorphic and it
could prove useful for estimating intra-specific relationships.

5. Selectively Amplified Microsatellite Polymorphic Locus
(SAMPL)

SAMPL isamethod for amplifying microsatelliteloci using
general PCR primers. SAMPL analysis carried out by one
AFLP primer in combination with aprimer complementary to
microsatellite sequences. This technique amplifies
microsatellites loci which do not require prior cloning and
characterization.

6. Fast isolation by AFLP of sequences containing repeats
(FIASCO)
FIASCO protocol relies on the extremely efficient

digestion-ligation reaction of the amplified fragment length
polymorphism polymorphism (Vos et al.1995). DNA
is simultaneously digested with Msel and ligated to
Msel AFLP adaptor (5:-TACTCAGGACTCAT-3%/5!-
GACGATGAGTCCTGAG-3Y). In FIASCO protocol the
amplificationiscarried out by mixing primerscarrying all four
possible sdlective bases (Msel-N), thus allowing amplification
of al fragments flanked by Msel sites, providing only that
they have an appropriate sizefor PCR. Amplified PCR product
hybridized with abiotinylated probe and hybridized fragments
are selectively captured by streptavidin coated beads. The
beads-probe-DNA complex is separated by a magnetic field
from the hybridization buffer, which is then discarded. The
DNA separated from the beads-probe complex was
reprecipitated which providesthe best candidatesfor producing
ahighly enriched microsatellite library.
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Table5 Some applications of microsatellite (SSR) for genome mapping/gene identification in Saccharum spp.

Mapping trait/gene

Application

Reference

Comparative mapping

The study investigated a S officinarum x S spontaneum interspecific

(Edme et al. 2006)

cross using linkage mapping strategy. Segregation of 193 microsatellite
(SSR) loci was evaluated in the F1 progeny of 169 full-sibs of the cross.

Comparative mapping was investigated for QTL validation and genetic

(Piperidis et al. 2008)

map enhancement in sugarcane. Almost 1000 SSR and AFLP markers
were scored in a biparental population of Australian sugarcane that was
segregated widely for sugar content related traits.

Two genetic maps were constructed using a population of 198 progeny

(Raboin et al. 2006)

derived from a cross between R570, and MQ76-53, an Australian clone.
Total 1,666 polymorphic markers were generated by 37 AFLP, 46 SSRs
primer combinations and 9 RFLP probes.

Linkage mapping

A genetic linkage map was constructed for S officinarum (clone 1J76-514) (Aitken et al. 2007a)

using a segregating population developed from a cross of Q165 and 1J76-

514.

Sugarcane EST project was accessto 261,609 EST sequences from

(Rossi et al. 2003)

sugarcane, and they were assembled into 81,223 clusters. Among these 88
resistance gene analogs (RGAS) based on their homology to typical
pathogen resistance genes were identified.

Intotal 149 EST-SSRs and 10 EST-RFL Ps were screened in the SP80-

(Oliveiraet al. 2007)

180xSP80-4966 mapping population to enhance the resolution of an
existing linkage map and to identify putative functional polymorphic gene

loci in a sugarcane commercial cross
A genetic linkage map of Louisiana’s cultivar LCP 85-384 was

(Andru et al. 2011)

constructed using the selfed progeny and based on polymorphism
generated from 64 AFLP, 19 SSR and 12 TRAP primer pairs

Genetic linkage map was constructed of sugarcane cultivar LCP 85-384

(Pan et al. 2010b)

using microsatellite (SSR) DNA markers.

A genetic linkage map was developed using 300 genetically verified selfed (Pan et al. 2009b)
progeny of acommercial cultivar LCP 85-384 based on AFLP and SSR

markers were used to fingerprint of the population

A single integrated genetic map was developed using a population

(Garcia et al. 2006)

developed from a cross between two pre-commercial cultivars (SP80-
180xSP80-4966) by a novel approach based on the simultaneous
maximum-likelihood estimation of linkage and linkage phases method.

Homo(eo) logous
linkage mapping

A linkage map was constructed in Q165 an Australian cultivar, from a
segregating F1 population, using 40 AFLP primer combinations, 5

(Aitken et al. 2005)

randomly amplified DNA fingerprints (RAF) primers and72 SSR primers.

Applications of microsatellites (SSR) marker technique

1. InDNA fingerprinting

DNA fingerprintingisone of the simplest and most invasive
applications of microsatellite (SSRs) markersin plants (Soller
& Beckmann, 1983). This is generally used to identify and
monitor germplasm/variety after its release for commercial
cultivation (Table 3).

2. Indiversity and phylogeny analysis

Microsatellites (SSRs) markers are being frequently used
to assess genetic variations at molecular level. The
measurement of genetic similarity or differences among plant
species is important information in crop conservation and
varietal development (Romero et al. 2009). Moreover, these
informations are very useful for characterization of accessions

in plant germplasm collections and taxonomic studies. From
one decade, microsatellite markers have proved to be a
potential tool for estimation of sugarcane genetic diversity
(variation in nucleotide sequence, gene structure,
chromosomes and whole genomes) and phylogenetic
relationships of species. Several recent studiesof SSRsanalysis
and its applications regarding to fingerprinting, diversity and
phylogenetic are summarized in Table 3.

3. InPaternity analysis

SSRsmarkers have been used to paternity analysis progeny
derived from small poly-crosses of sugarcane, preliminary
report was provided on in analyzing a polycross involving
seven parents using two microsatellite markers and fidelity
testing (Tew et al. 2010). . Recent studies related to parental
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screening, hybrid validation, Genetic fidelity and cross
transferability are given in Table 4.

4. Genetic mapping and QTL analysis

Genome mapping isanother field where microsatellitesare
being extensively used. It consists of genetic mapping,
comparative mapping, physical mapping, and association
mapping. Generally, significant association of a molecular
marker with a phenotypic trait is particularly useful for
implement marker-assisted selection (MAS) for quantitative
traits in plant breeding programs which is refers association
mapping (Breseghello et al. 2006). Quantitative trait loci
(QTL) mapping generally uses a population generated from a
bi-parental cross, whereas association mapping exploits a
collection of individuals frequently with varying ancestry. In
recent years, genetic maps have been prepared in several plant
species including sugarcane, rice, wheat, barley, cotton,
ryegrass, white clover, raspberry, potato, sorghum, etc. A list
of SSR’s applications utilized for genome mapping and QTL
mapping islisted in Table 5 & Table 6.
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CONCLUDING REMARKS

With the advent of microsatellite markers, it has been
possible to make direct presumption about genetic variability
and phylogenetic relationships among organisms at the DNA
level without the perplexing effects of the environmental
factorsor faulty analysis of pedigree records. Approximately,
from last two decades the development, isolation and
characterization of microsatellite markersare constantly being
running not only in sugarcane but also in awide range of plant
genomes including cereals, oilseeds, legumes, vegetables,
spicesplants, beverage crops, fruit plants, conifers, forest trees,
and other economically important plant species. Microsatellite
markers are exploiting not only in genetic analyses of plant
and animal populations/species, evolutionary, ecological
studies, genetic diversity, paternity analysis, hybrid testing,
but also being used in fundamental research like genome
analysis, gene mapping QTL analysisand molecular breeding
(MAYS) etc.

Table6 Somereportsof the applications of the SSR markersfor QTL analysisand marker identification & validationin Saccharum

SPp.

QTL Trait/ Marker/Gene

Description

Reference

QTL analysis for yellow spot
disease resistance

stalk traits

AFLP and SSR markers were used to identify major quantitative
trait loci (QTL) for yellow spot disease resistance in sugarcane.
QTL analysisfor yield related A cross between an Australian sugarcane variety Q165, and a
Saccharum officinarum clone, 1J76-514, was devel oped to dissect

(Aljanabi et al. 2007)

(Aitken et al. 2008)

the inheritance of yield related traits in the complex polyploid

sugarcane.

QTL analysis for sugar related Progeny from a cross between a high sucrose producing cultivar

(Aitken et al. 2006)

traits and a S. officinarum clone, 1J76-514 were produced.

Genes for rust resistance

54 different sugarcane resistance gene analogue seguences were

(Mclntyre et al. 2005a)

isolated, characterized and used to identify molecular markers
linked to major disease-resistance loci in sugarcane.

QTL analysis for sugar yield
and related traits

ash content.
Markers for downy mildew
resistance
Markers for multiple disease
resistance
Genes related to stress
resistance

primer development.
Comparative mapping

Two sugarcane mapping populations were used to QTL analysis
for sugar yield, pol%, stalk weight; stalk number, fiber content and

Molecular markers were identified associated with for downy
mildew resistance by linkage map based approach.

Molecular markers were investigated associated with pachymetra
root rot, leaf scal, Fiji leaf gall, and other diseases.

Two hundred and seventy one stress resistance related ESTs were
discovered, of which 29 were found having SSRs and used for

A combined pedigree and QTL mapping approach was used to

(Ming et al. 2002)

(Manigbas et al. 2007)
(Wei et al. 2006)

(DaSilvaet al. 2006)

(Reffay et al. 2005)

understand the genetic contribution of Mandalay to Australian
varieties and elite parental material.

Genes to drought & red rot
resistance

Sequencing was carried out to generate more than 35,000 ESTs
from healthy as well as red-rot infected tissues of sugarcane and by

(Guptaet al. 2009)

clustering with existing sugarcane ESTsin public databases

identified 4,087 clusters.
Pachymetra root rot and
brown rust resistance gene

Pachymetra root rot and brown rust resistance ratings were
obtained of a cross derived from elite sugarcane clones, Q117 and

(MclIntyreet al.
2005b)

74CA42 using SSR, AFLP and RFLP markers.
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Future directions of microsatellite marker research in plant
sciences

A large DNA sequence data being generated day to day,
thetrend istowards cross-referencing genesand genomesusing
sequence and map-based research tools. Since, the
polymorphism is a major limitation for most of the species,
microsatellite markers are aprecioustool for plant molecul ar
geneticsand molecular breeding. Evidently, the most important
application of SSRsisfor comparative genome mapping, with
good examples in graminaceous and leguminous species. A
database of EST-SSR primer pairs that would amplify
orthologousloci across species/generaand that are uniformly
distributed over the sugarcane, maize, rice, tall fescue,
Sorghum and Arabidopsis genomes would be very useful to
plant breeders and geneticists. In the broader term, the
development of allele-specific microsatellite markers for the
genes governing economic traits would be important for
advancing the molecular technology of plant breeding. Thus,
in this perspective, genic (EST) microsatellites are the one
class of choice marker that can be organizes along with single
nucleotide polymorphisms (SNP) and other types of
microsatellite based markers that target functional
polymorphisms within the genes.
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Minimum number of seedlingsfor evaluation of cross performance in sugarcane

PK BAJPAI, JSINGH, SSHASAN and RAJESH KUMAR

Indian Institute of Sugarcane Research, Lucknow

ABSTRACT

An experiment was conducted to study the sample size for estimating mean and variance of cane weight, number of
stalks, cane height, brix, and internode length and cane diameter in seven families of sugarcane seedlings. Random
samples of various sizeswere drawn from the family showing highest variability. The absolute difference between sample
estimate and population parameter was expressed rel ative to population parameter for each trait. Margin of error dropped
from sample size of 30 to 150 sharply at desired level It was concluded that minimum size of seedlings to be grown for
evaluating cross was 150 with maximum 5% margin of error in mean and 10-12% in variance in case of cane weight .

Key words: Seedling evaluation, sugarcane

In sugarcane selection programme, breeder’s objective is
to search families with high mean performance and sufficient
genetic variance so as to make effective selection.

The real approach is to study the minimum number of
seedlings from large number of diverse families and then
exploit intensively those giving evidence of above average
performance. In Australia, Skinner (1971) suggested to raise
75 seedlings of experimental cross to make selection among
the crosses. In astudy conducted in Hawaii, Wu et al. (1978)
estimated that minimum sample size of 40 seedlings was suf-
ficient for estimation of progeny mean and variance. A sample
of 60 seedlings was found suitable for evaluating cross
performance (Tripathi et al 1986).

Such information is scanty in respect of subtropical India.
The present study is an attempt to find out suitable sample
size from open pollinated families grown at Lucknow .

METHODOLOGY

Sugarcane seedlingswere grown from open pollinated fluff
of important varieties. Dataon canelength, number of millable
canes, cane weight, cane diameter, internodes length and HR
Brix % on all seedlings were recorded.

A computer program has been prepared for obtaining
margin of error associated with large number of samples of

Table1l Coefficient of variation (%) in different traits

various sizes. The program generates desired number of
samples (100) of required sizes.

The computer program was used for selection of large
number of samples and calculation of various statistics . For
each variable minimum hundred sampleswere drawn randomly
by the Computer program, for each of the following sizes,
30,60,90...300 seedlings. Mean and varianceswere estimated
from each of the sample. The absolute difference between
sample estimate and population parameter was expressed
relative to population parameter according to equation (Wu
et al. 1977).
X4 s -c2

c2

AX= , AS? =

XandAs2 are sample mean and variance, u and c2_are
cross (population) mean and variance
AxandAs® decrease as the sample size increases.

RESULTSAND DISCUSSION

Table 1 showsthe coefficient of variation (cv %) in different
traits.

M aximum variability (coefficient of variation) was observed
in SCW (57.52%) followed by NMC (56.19%), Cane height

CROSS COUNT  NMC W I NLEN DIA HRBRIX  CaneHeight
‘Co 87263’ x ‘Co 1148’ 348.00 54.56 57.52 17.93 17.41 22.43 23.01
‘CP61-23’ x ‘Co 775’ 253.00 52.73 34.83 15.34 16.50 19.56 18.76
‘CoH 56’ x “Co 8347 127.00 44.04 44.37 16.36 16.82 17.18 24.49
‘CoPant 90223’ x ‘Co 775’ 324.00  45.67 37.28 16.64 14.19 19.36 21.13
‘CoS 90265’ x “‘Co 89003  97.00 56.19 51.40 18.512 14.35 16.34 22.99
‘Co 87263’ x “Co 775’ 21400 51.17 49.20 19.56 17.65 24.71 25.76
‘CP61-23 x ‘Co 775’ 55.00 54.41 52.23 17.76 15.92 16.55 28.51
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Table2 Average margin of error and number of sampleslying between different margin of errors for mean and variance
Cane weight

Mean Variance
Number of points (%) lying between margin Number of points(%) lying between margin
of error of error
Samplesize  Average 0-5 5-10 10-15 15-20 Average 0-5 5-10 10-15 15-20
eror error
30 7.30 40 33 17 8 33.%4 8 6 5 13
60 5.44 54 34 9 3 26.40 7 10 11 11
90 3.97 69 26 5 0 17.18 13 22 14 12
120 3.05 85 15 0 0 15.26 19 17 16 17
150 2.60 90 10 0 0 11.02 23 29 20 16
180 2.28 9 6 0 0 8.68 39 25 18 12
210 1.78 98 2 0 0 7.52 39 35 16 10
240 144 100 0 0 0 5.42 53 31 14 1
270 1.20 100 0 0 0 5.05 53 39 8 0
300 0.86 100 0 0 0 3.77 68 29 3 0
Cane height
Mean Variance
Samplesize  Average 0-5 5-10 10-15 15-20 Average 0-5 5-10 10-15 15-20
error error
30 8.26 61 31 5 0 218.64 0 0 0 0
60 5.33 74 20 2 0 150.04 0 0 0 0
90 7.32 66 21 1 0 206.67 0 0 0 0
120 5.67 74 14 1 3 154.25 0 0 0 0
150 5.26 63 27 3 1 144.26 0 0 0 0
180 5.98 64 18 7 5 168.09 0 0 0 0
210 5.47 70 19 0 10 151.32 0 0 0 0
240 4.58 71 21 4 4 127.94 0 0 0 0
270 4.80 71 18 10 0 133.06 0 0 0 0
300 4.31 77 14 9 0 120.53 0 0 0 0
Cane internode length
Mean Variance
Samplesize Average 0-5 5-10 10-15 15-20 Average 0-5 5-10 10-15 15-20
error error
30 251 88 12 0 0 22.03 12 14 13 13
60 213 96 4 0 0 13.39 29 18 16 13
90 1.71 98 2 0 0 14.01 21 19 18 19
120 1.28 100 0 0 0 10.53 22 36 22 9
150 1.00 100 0 0 0 10.28 23 33 24 9
180 121 100 0 0 0 8.81 36 26 22 8
210 1.02 100 0 0 0 7.67 36 35 17 8
240 0.92 100 0 0 0 7.61 43 27 19 6
270 0.86 100 0 0 0 7.33 43 27 19 10
300 0.88 100 0 0 0 6.57 43 31 21 5
Number of millable canes
Mean Variance
Samplesize Average 0-5 5-10 10-15 15-20 Average 0-5 5-10 10-15 15-20
error eror
30 9.07 36 27 17 9 27.24 10 17 11 8
60 4.54 64 24 11 1 15.55 19 21 15 16
90 491 62 27 10 1 13.91 20 17 22 18
120 4.09 64 30 6 0 12.79 22 27 19 10
150 3.68 70 29 1 0 11.40 30 25 16 11
180 3.15 77 23 0 0 10.05 27 27 25 13
210 2.94 79 21 0 0 8.11 38 30 18 9
240 2.88 84 15 1 0 7.71 42 27 17 12
270 2.59 87 12 1 - 6.60 47 32 13 6
300 211 96 4 - - 6.28 43 36 15 5
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Brix
Mean Variance
Sample size Average 0-5 5-10 10-15 15-20 Average 0-5 5-10 10-15 15-20
error error
30 2.90 82 16 2 - 22.21 10 18 11 12
60 211 95 - - - 15.86 20 20 18 9
90 153 100 - - - 13.36 23 21 18 11
120 1.29 100 - - - 12.34 23 23 22 11
150 115 100 - - - 8.89 36 26 14 17
180 0.95 100 - - - 10.16 28 24 23 15
210 0.86 100 - - - 7.74 40 27 21 10
240 0.97 100 - - - 8.44 40 26 16 12
270 0.81 100 - - - 7.75 34 41 13 8
300 0.85 100 - - - 6.43 49 32 11 6
Cane diameter
Mean Variance
Sample size Average 0-5 5-10 10-15 15-20 Average 05 5-10 10-15 15-20
error error
30 2.75 85 15 - - 36.50 9 12 9 5
60 1.73 96 4 - - 37.28 10 13 10 14
90 154 98 2 - - 37.12 7 14 19 10
120 1.33 99 1 - - 35.73 11 13 13 12
150 1.04 100 - - - 29.09 14 16 14 19
180 1.07 100 - - - 3191 8 8 20 17
210 1.01 100 - - - 33.83 10 10 4 21
240 0.98 100 - - - 29.27 7 16 16 22
270 0.79 100 - - - 28.98 9 18 12 12
300 0.79 100 - - - 25.13 8 11 17 20
Table3 Absolute difference (%) between sample mean (X )and population mean( L)
Sample size Weight Height ILength NMC Brix Diameter
30 7.30 8.26 2.52 9.07 2.90 2.75
60 5.44 5.33 2.13 454 211 1.73
90 3.97 7.32 171 491 1.53 154
120 3.05 5.67 1.28 4.09 1.29 1.33
150 2.60 5.26 1.00 3.68 1.15 1.04
180 2.28 5.98 121 3.15 0.95 1.07
210 1.78 5.47 1.02 2.94 0.86 1.01
240 1.44 5.58 .92 2.88 0.97 0.98
270 1.20 4.80 .86 2.59 0.81 0.79
300 0.86 4.31 .88 211 0.75 0.79
Table4 Absolute difference (%) between sample variance (8*) and population variance (c2)
Sample size Weight Height ILength NMC Brix Diameter
30 33.54 218.64 22.03 27.24 2221 36.50
60 26.40 150.04 13.39 15.55 15.86 37.28
90 17.18 206.67 14.01 13.91 13.36 37.12
120 15.26 154.25 10.53 12.79 12.34 35.73
150 11.02 144.26 10.28 11.40 8.89 29.09
180 8.68 168.09 8.81 10.05 10.16 31.01
210 7.52 151.32 7.67 8.11 7.74 33.83
240 5.42 127.94 7.61 7.71 8.44 29.27
270 5.05 133.06 7.33 6.60 7.75 28.98
300 3.77 120.53 6.57 6.28 6.43 25.13
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(28.51%), HR Brix (24.71%), Internode length (19.56%) and
Diameter (17.65%). A computer program has been devel oped
for drawing random samples of various sizes and calculating
margin of error in different sample size.

Table 2 shows average margin of error and number of
samples lying between different margin of errors for mean
and variance for different sample sizesi.e. 30 to 300. Mean
value was of greater importance than within cross variability
in determining the importance of the cross (Hogarth, 1971).
Number of points (%) lying between margin of error 0-5,5-
10,10-15,15-20 are also shown in the table. Margin of error
decreases as the sample size increases from 30 to 300. Asthe
sample size increases, more humber of points (%) is lying
between margins of error 0-5.

As the sample size increases absolute difference (%)
between sample variance () and population variance (S9)
decreases incase of weight, | length,and brix upto about 7 %
but in case of height and diameter decrease is not sufficient
and alarger ssmpleisrequired. Margin of error dropped from

[Indian Journal of Sugarcane Technology 29 (01)

sample size of 30 to 150 sharply after that it dropped slowly.

It was concluded that minimum size of seedlingsto begrown
for evaluating progeny mean and variance is 150 with about
5% margin of error for mean and 10-12% for variance.
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Seedling blight and mortality diseases of sugarcane and their management
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ABSTRACT

Losses of vauable seedlings in nursery beds after germination from the true seeds due to seedling diseases have
resulted poor stand of seedlings. Diseased seedlings showing the characteristics symptoms of seedling blight and mortality
yielded H. halodes and A. alternata. On inoculation these fungi produced symptoms of both the diseases indicating that
both fungi were Pathogenic to sugarcane seedlings. However, the extent of diseases varied according to the levels of
virulence of the test fungi and degree of resistance of seedlings of different crosses. Seedlings of ‘CoPant 01215’ x ‘BO
177 got least infection of seedling blight and seedling mortality diseases caused by the test fungi. In case of H. halodes,
blight and mortality varied from 30 to 100 % and 42.5 to 84.5 % respectively, while it ranged from 28 to 100% and 38.5
to 82.5% respectively with A. alternata. Bavistin and Saaf were found the most efficaciousin arresting the growth of both
the fungi in vitro and reducing the incidence of seedling blight and mortality when they were tested either as soil drench
or spray. Two sprayings were found superior than one spray in relation to suppressing the disease incidence.

Key words: Sugarcane, Seedling blight, Mortality, Disease, Management.

Propagation of sugarcane seedlings from true seeds (fuzz)
is an essential step in the development of new commercial
clones. Approximately 40000 to 50000 seedlings are raised
each year at Sugarcane Research Institute, Pusa, Bihar. At the
early stage of development, losses of valuable seedlings in
nurseries after germination from the seeds due to seedling
diseases are important. A severe seedling mortality was
observed at SRI, Pusa, Bihar, during February-March, 1986
in seedlings raised from the seeds procured from SBI,
Coimbatore. The incidence of infection varied from 48.65 to
95.00 per cent and the mortality among the diseased seedlings
ranged from 29.35 to 69.15 percent causing poor stand of
seedlings. Fungal infection of the inflorescence leads to the
production of diseased seeds, thus constituting a serious
menace in hybridization and nursery raising (Kumar et al.
1986). A perusal of literature on seed pathol ogy reveal ed that
no attempts have been made to study the seedling mortality of
sugarcane and its management in Bihar. Hence, to start with,
diseased samples showing the characteristic symptoms of
seedling mortality disease were collected from seed bed
nursery of SRI, Pusa. Repeated isolations from the affected
seedlingsyielded H. halodesand A. alternata. Oninoculation,
these fungi produced two distinct types of disease symptoms
which were usually observed simultaneously on the infected
plantsin nature as well. Since, the seedling mortality caused
considerable damage to the seedlings, it was considered
desirable to study disease and its management in detail.

Iminat.pusa@gmail.com

MATERIALSAND METHODS

To test the pathogenic behaviour of H. halodes and A.
alternata 100 seeds were taken from each cross and were
inocul ated with spores of test fungi separately. Inocul ated seeds
were sown in earthen pots having steam sterilized soil and
then covered with polythene sheetsto provide them optimum
environmental conditions. After 25 days of sowing symptom
and incidence of seedling blight & mortality were recorded.
To mitigate the losses caused by seedling mortality, five
fungicides, (Bavistin, Indofil M-45, Saaf, Bordeaux mixture
and Blue copper) were tested both in vitro and in vivo.

In vitro evaluation

To prepare the fungicidal solution of 0.1%, 0.15%, 0.2%,
0.25%, 0.3% concentrations, the required amount of each
fungicide was added in Petridishes containing 25 ml. oat meal
agar medium. The Petridishes were shaken well to mixed the
fungicides properly and were alowed to solidify. 7 days old
inoculum of H. halodes and A. alternata were put into the
centre of Petridishesby the help of 5 mm sterilized cork borer.
The Petridishes were incubated at 28 + 1°C for 7 days.
Petridishes were replicated thrice in each treatment. After
incubation period, the radial growth of each fungus was
measured.

In vivo evaluation

To confirm the laboratory results, the fungicides and their
concentrationswere al so eval uated by adopting soil drenching
and spraying methods.
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Soil drenching method

Fungicidal solution of each fungicide of different
concentrations were drenched in soil before sowing. After 24
hours, soil wasinocul ated with spore suspension of Alternaria
alternata and Hel minthosporium hal odes separately. Then 100
seeds of cross ‘BO 926” x ‘BO 17’ were sown in each pot.
After 10 daysof emergence of sugarcane seedlings, the severity
of the seedling mortality and blight disease was recorded.

Soraying method

Earthen pots having one week old sugarcane seedling of
cross ‘BO 926’ x “‘BO 17’ were properly sprayed with solution
of Bavistin, Saaf, Indofil M-45, Bordeaux mixture and Blue
copper with an atomizer. After 24 hours of spray, the seedlings
were inoculated by spraying with spore suspension of A.
alternata and H. hal odes separately. Each inocul ated pot was
again sprayed with each fungicide at an interval of 5 days.
One pot inoculated with test fungi was kept as control for each
treatment. All the pots were kept under moist condition by
covering them with polythene sheet for 48 hours after
inoculation and then allowed to grow under the same normal
conditions. The observation on the severity of seedling
mortality and blight wasrecorded after 10 daysof last spraying.

Effect of number of fungicidal sprays on seedling mortality
and blight.

To determine the minimum number of sprays of different
fungicides, earthen potshaving one week old seedlings of cross
‘BO 92’ x ‘BO 17’ were properly sprayed with the solution of
Bavistin, Indofil-M-45, Saaf, Bordeaux mixture, Blue copper
with an atomizer. After 24 hours of spray, the seedlings were
inoculated by spraying with a mixture of spore suspension of
A. alternata and H. halodes in the ratio of 1:1 by volume.
Each inoculated pot was again sprayed with each fungicide
after 5 days of inoculation except control. 5 pots were again
sprayed with each fungicide after 10 days of last spraying.
During thefirst observation, only completely dried leaveswere
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counted and clipped off. During the second observation, each
leaf was carefully examined and data on severity of disease
were recorded.

RESULTSAND DISCUSSION

Pathogencity test

To find out the pathogenic behavior of Helminthosporium
halodes and Alternaria alternata on sugarcane seedlings of
different crosses, an experiment was conducted.

Itisclear fromthe Table 1 that Helminthosporiumhalodes
and Alternaria alternata were pathogenic on the seedlings of
all the crosses. However, the extent of seedling blight and
mortality varied according to the levels of virulence of the
test fungi and degree of resistance of different crosses. The
seedlings of different crosses got severe infection with
Helminthosporium halodes and Alternaria alternata.
Seedlings of ‘CoPant 0215’ x ‘BO 17’ got least infection of
seedling blight and seedling mortality disease caused by the
test fungi. In case of Helminthosporium halodes, blight and
mortality varied from 30.0 to 100.0 % and 42.5 to 84.5 %
respectively depending upon the degree of resistance of crosses
while it ranged from 28.0 to 100.0 % and 38.5 to 82.5 %
respectively with Alternaria alternata. It can thusbe concluded
that Helminthosporium halodes was more virulent than
Alternaria alternata. This finding supports the results of
Subramanian (1935), Kumar et al. (1986); Kumari (2002).

Symptomatol ogy

Both the fungi produced different types of characteristics
symptoms on sugarcane seedlings. The symptoms produced
by Helminthosporium halodes were characterized by the
appearance of hydrangeared to mineral red, elongated broken
stripes or oval spots which often turned Vandyke brown in
colour in later stage. These lesions coalesced to form alarger
lesion. It resulted into blighting of foliage, wilting and finally
mortality of seedlings. The symptom usually appeared in the

Table 1 Pathogencity test of Helminthosporium halodes and Alternaria alternata on different crosses of sugarcane seedlings.

Helminthosporium halodes

Alternaria alternata

Crosses Blight (%) Mortality (%) Blight (%) Mortality (%)
‘BO 146’ x ‘CoP 02181’ 97.0 61.0 94.5 58.5
‘ISH 100" x ‘CoP 9301 94.5 58.5 915 57.0
‘CoPant 84212’ x ‘Co 775’ 98.5 66.5 96.5 64.5
‘BO 108’ x ‘BO 130’ 95.5 58.0 85.0 56.5
‘BO 109" x ‘Co 62198’ 92.0 52.5 92.0 66.0
‘CoP 02182’ x ‘Co 62198’ 100.0 69.0 90.5 56.5
‘CoS 90265’ x ‘CoP 04182’ 96.0 62.5 935 55.0
‘Co 86011’ x ‘BO 92’ 98.5 79.0 975 75.5
‘BO 92’ x ‘BO 17’ 100.0 84.5 100.0 82.5
‘CoPant 01215’ x ‘BO 17" 30.0 42.5 28.0 38.5
Mean 90.2 63.3 87.1 61.1
CD at 5% 6.54s 5.57 8.88 471
SEm+ 2.04 1.75 2.78 1.47
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early stages of growth of seedlings as small, narrow, reddish
stripes. At the later stages they were bright or dark brown in
colour. The leaf-sheath became dark brown to olivaceous in
colour owing to the formation of numerous conidiophoresand
conidia. Symptoms produced by H. halodes are more or less
similar to symptoms by Subramamian (1928), Singh and Singh
(1968); Kumari (2002).

The symptoms produced by Alternaria alternata appeared
as minute water soaked spots which were later developed in
avellaneous to wood brown in colour elongated, elliptical or
irregular lesions usually with the dark livid brown or blackish
brown margin. Under favorable conditions, these lesions
coalesced to form larger lesions which ultimately covered the
entireleaf area. It resulted into the blighting, wilting and finally
mortality of seedlings. In some seedlings, the disease also
started from the tips of the lamina. In these cases, the leaves
began to dry from their tips assuming a wood brown colour
with a dark livid brown or blackish brown band of affected
tissues adjoining the healthy portions of the leaves. As the
disease advanced, entire lamina was dried leading to the
mortality of seedlings. The dark brown conidiophores and
conidiaof thefungus also appeared on the avellaneousto wood
brown margins of the lesions or on the dried tissues of the
affected leaves. Similar symptoms were also described by
Singh and Singh (1968); Kumari (2002).

Morphology

In morphological studies, colony characters, size, shapeand
colour of conidiaand condiophores of both thetest fungi were
recorded. Colony of H. halodes was defused dark and hairy.
Mycelium was immersed, septate, subhyline both inter and
intracellular and 2-4 p in breadth. Stromata were usually
present. Conidiophores were determinate, growth was ceased
when apical conidia are produced, often in fascicles, errect,
brown to dark olivaceousin colour, un-branched, 2-5 septate,
40-130 p in breadth. Conidiawererelatively short and simple
developed laterally, bornsingly at thetip of the conidiophores
measuring 19-142.5 u x 10-16.8 1 in size with average 60.5x
13.7 . However there were somevariationsin morphol ogical
structures from those reported by Subramanian (1935),
Chidambaran et al. (1973) and Kumari (2002) due to
occurrence of different isolates on seedlingsof different crosses
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growing in different locations.

Coloniesof A. alternata were amphigenous, effused, pale-
olive and hairy. Mycelium was immersed, hyphae branched,
septate, hyaline, smooth, 4-8 u thick. Conidiophores arising
in groups of 2-10 or more from the hyphae, emerging through
stomata, usually simple, errect or ascending, straight or
flexuous, frequently geniculate, more or less cylindrical but
often dightly swollen at the base, septate, mild-paleto grayish-
olivein colour, smooth, up to 176 p long and 6.5-1.6 p thick,
bearing oneto several small but distinct conidial scars. Conidia
solitary or occasionaly in chains of up-to 4, acropleurogenous,
arising through small poresin the conidiophoreswall, straight
or dightly curved, obcalvate, rostrate, with 16-19 transverse
septaand 0-8 longitudinal or oblique septa, pale or very pale-
olive or grayish-olive, smooth or rarely very inconspicuously
warted. It posses a shorter beak. The conidia measures 72-
118% 13-19 u. Moreor lesssimilar resultsin relation to shape,
sizeand colour of morphological structureswere also observed
by Srinath and Sarwar (1965), Mishra and Prakash (1974);
Kumari (2002).

Management of diseases

In vitro evaluation

In order to find out the efficacy of different fungicides and
their concentrations on radial growth of Helminthosporium
halodesand Alternaria alternata, experimentswere conducted
in vitro by employing poison food technique.

Itisevident (Table 2) that there was an increasein the extent
of inhibition in radial growth of H. halodes with an increase
inthefungicidal concentrations. Bavistin wasfound to bethe
most efficacious in arresting the growth of H. halodes. No
fungal growth was observed even at the lowest concentration
(0.1 %). Wheresas, Indofil M-45 and Saaf produced the same
effect at 0.2 % concentration. Blue copper inhibited the fungal
growth completely at 0.25 % concentration while Bordeaux
mixture inhibited the fungal growth completely at 0.3 %
concentration.

Average of three replications

However, compl eteinhibition of growth of A. alternatawas
observed in medium containg 0.15% Bavistin and Saaf
completely checked the growth at 0.2 % while Indofil M-45

Table2 Effect of fungicides and their concentrations on radial growth of Helminthosporium halodes.

Radial growth (mm) after 7 days at concentration (%)

Fungicides 0.1 0.15 0.2 0.25 0.3
Bavistin 0 0 0 0 0
Indofil M-45 18.1 13.2 0 0 0
Saaf 14.9 5.6 0 0 0
Bordeaux mixture 22.8 20.2 11.6 55 0
Blue copper 18.3 15.3 10.6 0 0
Control 68.8
CDa5% 141 1.45 0.81
SEm + 0.45 0.48 0.26
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and Blue copper completely arrested the growth of the fungus
at 0.25 %. Bordeaux mixture inhibited the fungal growth
completely at 0.3 % (Table 3). Dubey et. al. (2000) also
observed moreor lesssimilar resultswith Copper oxichloride,
Indofil M-45, Kavach and Bavistin.

Field evaluation of fungicides

Fungicidesand their concentrationsfound promisinginvitro
were then evaluated under field condition by adopting soil
drenching and spraying methods.

Fungicides exhibited significant effect on seedling blight
caused by Helminthosporium halodes and Alternania
alternata. An adequate control of disease was obtained when
fungicides were either soil drenched at the time of sowing or
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sprayed after 5 days of emergence. However, application of
fungicidesafter 10 days of emergence of seedlings, the control
of disease was not upto the mark. Among the fungicides
evaluated, Bavistin (0.1 %) and Saaf (0.2 %) were found to be
significantly superior in arresting the seedling blight due to
H. halodes disease when it was either soil drenched at the
time of sowing or sprayed after 5 days of emergence (Table
4). Butin caseof A. alternata, good control of seedling blight
was obtained when Bavistin 0.15 % and Saaf 0.2% were
applied as soil drenching at the time of sowing and sprayed
after 5 daysof emergence. Maximum control of seedling blight
disease was recorded when fungicides were applied as soil
drenching at the time of sowing. Indofil M-45, Blue copper

Table 3 Effect of fungicides and their concentrations on radial growth of Alternaria alternata

Radial growth (mm) after 7 days at concentration (%)

Fungicides 0.1 0.15 0.2 0.25 0.3
Bavistin 8.9 0 0 0 0
Indofil M-45 25.2 17.6 8.3 0 0
Saaf 13.4 9.1 0 0 0
Bordeaux mixture 28.3 24.7 194 8.3 0
Blue copper 20.8 16.2 7.3 0 0
Control 71.2

CDa5% 2.26 161 134

SEm + 0.72 0.53 0.43

Table4 Effect of fungicides on seedling blight caused by Helminthosporium halodes

Severity of blight

disease after 10 days

Severity of blight disease after 10 days of last

of emergence spraying
Concentr-  Soil drenching at the Spraying
Fungicides ation (%) time of sowing. Sthday 10thday  15thday  20th day Mean
Bavistin 0.1 8.5 9.4 13.2 25.7 40.8 22.2
Indofil M-45 0.2 12.3 16.5 20.8 28.6 36.2 255
Saaf 0.2 9.2 12 20.3 315 41.3 26.2
Bordeaux mixture 0.3 21.6 24.2 31 45.8 55.2 39.05
Blue copper 0.25 15.8 20.2 27.3 40.6 474 33.8
Control 84.5 86 89.5 90.5 92 89.5
CD at 5% treatment = 1.55 SEm=+=0.57
CD at 5% Days=1.42 SEm+ =0.50
CD at 5 % Interaction (Treatment x Days) = 3.47 SEm+=1.22
Table5 Effect of fungicides on seedling blight caused by Alternaria alternata
Severity of blight
disease after 10 days  Severity of blight disease after 10 days of last
of emergence spraying
Concentra-  Soil drenching at the Spraying
Fungicides tion (%) time of sowing. Sthday 10thday 15thday  20th day Mean
Bavistin 0.15 6.5 85 12.8 26.4 35.5 20.8
Indofil M-45 0.25 15.2 20.1 28.5 442 63.5 391
Saaf 0.2 85 115 16.5 32.6 48.4 27.2
Bordeaux mixture 0.3 20.5 26.5 34.6 52.6 73.8 46.9
Blue copper 0.25 16.2 24.8 30.3 46.5 66.4 42
Control 78.5 81.5 85.5 88 92.5 86.9
CD at 5% treatment = 1.17 SEm+ =041
CD at 5% Days= 1.07 SEm+=0.37
CD at 5% Interaction (Treatment x Days) = 2.61 SEm+ =0.92
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and Bordeaux mixture were also able to control significantly
the seedling blight (Table 5). Kumar (1989) also observed
more or less similar results with Thiram, Captan, Topsin-M,
Rondin and Kitazin in relation to control of seedling diseases
of sugarcane.

In order to find out optimum number of fungicidal spray
for the maximum control of the seedling blight disease, an
experiment was also conducted in glass house. The data as
shown in Table-6 indicate that two sprayings with each
fungicides proved to be better than one spraying. Among the
fungicidestested, Bavistin and Saaf were moreor lessequally
efficacious in controlling the seedling disease followed by
Indofil M-45, blue copper and Bordeaux mixture. Singh and
Singh (1968) and Kumar (1989) also found two sprayings
better than one.

Table6 Effect of nhumber of fungicidal spray on seedling
blight diseases of sugarcane

Number Disease % of
of spray severity disease
(%)  control

Fungicides

Bavistin (0.15 %) 1 10.2 84.4
2 6.8 89.6
Indofil-M 45 (0.25 %) 1 172 737
2 135 78.3
Saaf (0.20 %) 1 115 824
2 85 87.0
Bordeaux mixture (0.3 %) 1 28.2 56.8
2 215 67.1
Blue copper (0.25 %) 1 22.8 65.1
2 15.6 76.1

Control 65.4
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CONCLUSION

Seedling blight and mortality of seedlingsdueto H. halodes
and A. alternata resulted poor stand of seedlings in seed
nursery. The extent of diseases varied according to the levels
of virulence of both thefungi and degree of resistance seedlings
of different crosses. Bavistin and saaf were found the most
efficacious in arresting the growth of both the fungi in vitro
and in reducing the incidence of seedling diseases when they
were either soil drenched or sprayed twice.
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Effect of levels of irrigation and crop geometry on growth and yield of sugarcane

under drip irrigation
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Agriculrural Research Sation (SK. Rajasthan Agricultural University) Sriganganagar, Rajasthan, India

ABSTRACT

Afield experiment was conducted in Gang Canal Command area at 3" O” village, Srikaranpur, Sriganganagar during
2005-06, 2006-07 and 2007-08 to find out optimum plant geometry of sugarcane through drip irrigation and to compare
water use and water use efficiency in both the methods of irrigation. The higher cane yield and tillers per square meter
were recorded with single row planting than paired row planting; however, caneyield at 90x60 cm paired planting was at
par with single row planting. The different irrigation levels significantly influenced cane yield, tillers per square meter,
cane length and internode length. The highest cane yield and yield attributes were recorded with drip irrigation at 100%
PE treatment, followed by 80 and 60 % PE treatments. The lowest cane yield, tillers per square metre and internode’s
length was recorded with surface irrigation treatment. In surfaceirrigation treatment, total 1790, 1572.9 and 1884.2 mm
water was applied during 2005-06, 2006-07 and 2007-08, respectively. Water use efficiency was the highest with 75 cm
row spacing during 2005-06 and 2006-07, whereas, during 2007-08 it was highest with 90 cm row spacing. The lowest
WUE was recorded with 120cm x 60 cm paired row spacing during all thethreeyears. Indripirrigation treatment, 1477.4,
1294.9 and 1575.2 mm average water was applied during 2005-06, 2006-07 and 2007 08, respectively. The WUE wasthe
highest in 75 cm row spacing during 2005-06 and 2007-08, whereas, during 2006-07 it was highest with 90 cm row
spacing. In paired row crop WUE was lower as compared to single row crop. There was considerable differencein water
use and water use efficiency in different irrigation treatments. The water use in surface irrigation and 100% PE treatment
was amost equal but water use efficiency in 100% PE treatment was about 1.5 times higher than surface irrigation
treatment in all the years. Water use decreased constantly in 80 and 60 % PE treatments and accordingly water use
efficiency increased. All the drip irrigation levels recorded higher WUE than surface irrigation treatment. The highest
WUE of was recorded with 60% PE treatment during all the three years. The mean datarevealed that drip irrigation at 60,
80 & 100 % PE increased caneyield by 14.4, 26.4 & 44.6 per cent, respectively over the cane yield obtained with border

strip irrigation. In addition to yield increase, the respective water saving was 32.9, 17.1 & 1.4 per cent.

K ey words: Sugarcane, Crop geometry, Drip irrigation, Growth and Yield

Indiaisoneof the largest sugarcane producersin theworld
after Brazil. Sugarcane being an important cash crop, it ranks
third inthelist of most cultivated crops after paddy and wheat.
Sugarcaneis planted in both tropical and sub- tropical region
of India with total production of 294.6 million tonnes and
productivity of 66.8 tonnes per hectare (Singh et al.
2013).About 80% percent of thetotal rainfall isreceived during
three monsoon months (July-September) which too is highly
unreliable and erratic. During rest of the period the crop per-
formanceisdepend onirrigation. Inirrigation northwest plain
zone of Rajasthan sugarcane isacommercial crop. The most
common practice of irrigation is border strip. Sugarcane
requires 15-20 irrigation per annum for optimum growth and
yield. Drip irrigation is high frequency irrigation method of
supplying water directly to theroot zone. Themicro irrigation
techniques have a magjor role to play in mitigating the water
scarcity situation by enhancing the productivity of water in
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KVK, Banasthali Vidyapith, Tonk — 304022 (Rajasthan)

sugarcane in effective and scientific way (Ridge et al. 2000
and Shinde and Jadhav 2001). Through adoption of drip
farmers can get higher yield by providing congenial
environment to the plant through maintaining optimum
moisture regime throughout the growing period.

MATERIALSAND METHODS

Field experiment was conducted in Gang Canal Command
area at 3 “O”, Srikaranpur, Sriganganagar during 2005-06,
2006-07 and 2007-08 in randomized block design with 3
replications. The treatments comprising of 4 crop geometries
(single row planting 75cm, single row planting 90 cm, paired
row planting 60 cmx 90 cm, paired row planting 60 cm x 120
cm) and 4 irrigation levels (60, 80 and 100% of PE by drip
system on alternate day, and border stripirrigation at IW/CPE
1.0 & irrigation water depth 7.5 cm). The soil was sandy loam
intexture, lowin organic carbon (0.35%), mediumin available
P,O, (42 kg/ha) and high in available K,O (410 kg/ha). The
pH (1:2) and EC (1:2) of the soil were 8.05 and 0.21 dS/m,
respectively. A uniform basal dose of 50 kg N, 40 kg P,O, and
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40 kg K, O/hawas applied at planting. Rest N (100 kg/ha) was
applied in 2 splits, one half each in May and June as top
dressing. Sugarcane cv. ‘Co 6617’ was selected as the test
crop.

RESULTSAND DISCUSSION

Water use and water use efficiency

Thedataof total water use and water use efficiency (WUE)
as influenced by different treatments have been presented in
table 1.

Crop geometry (surface irrigation)

In surface irrigation treatment, total 1790, 1572.9 and
1884.2 mm water was applied during 2005-06, 2006-07 and
2007-08, respectively. Water use efficiency was the highest
with 75 cmrow spacing during 2005-06 and 2006-07, whereas,
during 2007-08 it was highest with 90 cm row spacing. A row
spacing of 90 cm under timely planting condition is also
recommended by Verma (2004). The lowest WUE was
recorded with 120cm x 60 cm paired row spacing during all
the three years.

Crop geometry (drip irrigation)

Indripirrigation treatment, 1477.4, 1294.9 and 1575.2 mm
water was applied during 2005-06, 2006-07 and 2007-08,
respectively. The WUE was the highest in 75 cm row spacing
during 2005-06 and 2007-08, whereas, during 2006-07 it was
highest with 90 cm row spacing. In paired row crop WUE was
lower as compared to single row crop.

Irrigation

There was considerable difference in water use and water
use efficiency indifferent irrigation treatments. The water use
insurfaceirrigation and 100% PE treatment was almost equal
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but water use efficiency in 100% PE treatment wasamost 1.5
times higher than surfaceirrigation treatment in all the years.
Water use decreased constantly in 80 and 60 % PE treatments
and accordingly water use efficiency increased. These results
suggest that in case of limited water availability, dripirrigation
in sugarcane is beneficial in achieving higher returns per unit
of water and proves to be an economical method of irrigation
as compare to surface methods. All the drip irrigation levels
recorded higher WUE than surface irrigation treatment. The
resultsarein conformity with the findings of Raskar and Bhoi
2001. The highest WUE of was recorded with 60% PE
treatment during all the three years.

Yield and yield attributes
Crop geometry in surface irrigation

Caneyidd andyield attributes with respect to different crop
geometries were found at par under surface irrigation during
all the three years except cane length which was found more
at 75 cm single row spacing in comparison to 90 cm single
row spacing and paired rows during 2006-07(Table 2, 3 & 4).
The pooled data of three years also revealed that the cane
yield and yield attributeswere not influenced by different crop
geometriesin surface irrigation (Table 5).
Crop geometry indrip irrigation

Crop geometry in drip irrigation had significant effect on
cane yield and tillers'm? during 2005-06. The highest cane
yield of 130.64 t/ha was recorded with 75 cm row spacing
followed by 90 cm spacing (126.13 t/ha). Paired row spacing
gave significantly lower cane yield than single row spacing.
Tillers/n? also followed the similar trend. Cane length, inter
node length and cane diameter were not affected by crop
geometry, However 75 cm row spacing recorded highest tillers/

Table1l Effect of crop geometry and drip irrigation on water use and water use efficiency

Treatment Water use (mm) Water use efficiency (kg/ha mm)
2005-06  2006-07  2007-08  2005-06 2006-07 2007-08
Crop geometry (Surface irrigation)
75 cm row spacing 1790.0 15729 1884.2 55.20 67.89 36.10
90 cm row spacing 1790.0 15729 1884.2 54.02 65.99 37.83
90 cm X 60 cm paired row 1790.0 15729 1884.2 52.65 66.61 33.44
120 cm X 60 cm paired row 1790.0 15729 1884.2 51.96 64.75 3331
Crop geometry (Drip irrigation)
75 cm row spacing 1477.4 12949 1575.2 88.43 110.87 54.08
90 cm row spacing 1477.4 12949 1575.2 85.37 114.12 53.62
90 cm X 60 cm paired row 1477.4 12949 1575.2 81.30 107.40 50.98
120 cm X 60 cm paired row 1477.4 12949 1575.2 76.18 88.49 53.15
Surface & drip irrigation
IW/CPE 1.0 (surface) 1790.0 15729 1884.2 53.46 66.14 35.17
100% PE(drip) 1793.0 15449 18354 79.05 97.79 50.16
80% PE(drip) 1477.4 12959 15752 83.49 100.61 52.62
60% PE(drip) 1161.8 1043.9 1315.0 87.79 121.93 57.28

Including pre-sowing irrigation of 100 mm and rainfall of 115 mm during 2005-06
Including pre-sowing irrigation of 100 mm and rainfall of 197.9 mm during 2006-07
Including pre-sowing irrigation of 100 mm and rainfall of 434.2 mm during 2007-08



24 YADAV ETAL. [Indian Journal of Sugarcane Technology 29 (01)

Table 2 Effect of crop geometry and drip irrigation on cane yield and yield attributes (2005-06)

Treatment Caneyield Germination Tillers/ Canelength Internode Cane diameter (cm)
(t/ha) (%)* sg. m (m) length (cm)
Crop geometry (surface)
75 cm row spacing 98.80 12.40 13.53 2.62 17.40 243
90 cm row spacing 96.70 11.83 13.13 2.60 17.36 257
90 cm X 60 cm paired row 94.24 12.73 13.16 2.61 17.33 247
120 cm X 60 cm paired row 93.00 12.30 13.07 2.59 17.33 247
S.Em.+ 3.32 0.77 0.30 0.05 0.38 0.05
CD at 5% NS NS NS NS NS NS
Crop geometry (drip)
75 cm row spacing 130.64 11.74 16.38 2.83 18.72 2.39
90 cm row spacing 126.13 11.88 1541 2.76 18.55 244
90 cm X 60 cm paired row 120.12 12.39 14.78 2.75 18.54 2.35
120 cm X 60 cm paired row 112.55 12.41 14.27 2.73 18.30 2.40
S.Em.+ 191 0.44 0.17 0.03 0.22 0.04
CD at 5% 5.52 NS 0.49 NS NS NS
[rrigation levels
IW/CPE 1.0 95.69 12.32 13.22 2.61 17.36 2.39
100% PE (drip) 141.73 12.20 17.26 2.89 19.37 244
80% PE (drip) 123.35 1191 15.13 2.78 18.72 2.38
60% PE (drip) 102.00 12.20 13.23 2.64 17.51 233
S.Em.+ 1.65 0.39 0.15 0.03 0.19 0.04
CD at 5% 4.78 NS 0.43 0.08 0.55 NS

* Germination (%) per meter row length

Table 3 Effect of crop geometry and drip irrigation on cane yield and yield attributes (2006-07)

Treatment Caneyield Germination Tillers/sg. Canelength Inter node Cane diameter
(t/ha) (%) m (m) length (cm) (cm)
Crop geometry (surface)
75 cm row spacing 106.79 46.50 22.33 2.20 13.00 227
90 cm row spacing 103.79 48.78 18.66 2.08 12.42 2.25
90 cm X 60 cm paired row 104.77 51.56 20.00 1.63 11.76 224
120 cm X 60 cm paired row 101.85 49.37 18.00 1.87 11.27 2.06
S.Em.+ 10.83 2.28 1.95 0.09 0.68 0.08
CD at 5% NS NS NS 0.27 NS NS
Crop geometry (drip)
75 cm row spacing 143.57 50.13 34.33 1.83 11.48 2.23
90 cm row spacing 147.78 50.58 35.77 1.90 12.97 2.49
90 cm X 60 cm paired row 139.07 50.81 26.22 2.06 11.64 237
120 cm X 60 cm paired row 114.58 49.23 24.22 1.96 11.49 2.26
S.Em.+ 6.25 1.31 1.13 0.05 0.39 0.05
CD a 5% 18.05 NS 3.26 0.16 1.14 0.14
[rrigation levels
IW/CPE 1.0 104.30 49.05 19.75 1.95 12.11 221
100% PE (drip) 151.08 49.91 32.08 2.02 12.78 240
80% PE (drip) 130.38 50.48 29.33 1.91 11.26 2.34
60% PE (drip) 127.28 51.17 29.00 1.87 11.65 2.28
S.Em.+ 8.27 174 1.49 0.07 0.52 0.06

CD at 5% 16.88 NS 3.05 0.15 1.07 0.13
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Table 4 Effect of crop geometry and drip irrigation on cane yield and yield attributes (2007-08)

Treatment Caneyield Germination Tillers/sg. Canelength Inter node Cane diameter
(t/ha) (%) m (m) length (cm) (cm)
Crop geometry (surface)
75 cm row spacing 68.02 46.59 24.33 2.12 11.21 2.26
90 cm row spacing 71.28 47.09 26.33 214 11.55 2.27
90 cm X 60 cm paired row 63.00 48.05 24.00 2.09 12.39 2.26
120 cm X 60 cm paired row 62.76 51.73 23.33 2.07 12.25 2.28
S.Em.+ 3.34 2.76 1.89 0.09 0.57 0.05
CD a 5% NS NS NS NS NS NS
Crop geometry (drip)
75 cm row spacing 85.19 51.52 26.33 2.24 13.25 2.27
90 cm row spacing 84.47 51.07 26.67 2.32 13.38 2.33
90 cm X 60 cm paired row 80.30 51.46 25.78 213 12.71 2.29
120 cm X 60 cm paired row 83.72 49.04 26.11 213 12.77 2.34
S.Em.+ 1.93 1.59 1.09 0.05 0.33 0.03
CD a 5% NS NS NS 0.14 NS NS
Irrigation levels
IW/CPE 1.0 66.27 48.36 24.50 211 11.85 2.27
100% PE (drip) 92.06 50.95 28.42 227 13.67 2.32
80% PE (drip) 82.88 50.77 25.92 221 12.98 231
60% PE (drip) 75.32 50.60 24.33 213 12.44 2.30
S.Em.+ 2.55 211 1.44 0.07 0.43 0.04
CD at 5% 5.20 NS 2.94 0.14 0.88 NS

m? and moreinternodes|ength. Row spacing of 90 cm recorded
the highest (2.44 cm) cane diameter.

Crop geometry in drip irrigation had significant effect on
tillers/m?, cane length, internodes length, cane diameter and
cane yield during 2006-07. The highest cane yield of 147.78
t/ha was recorded with 90 cm row spacing, which was at par
with that obtained at 75 cm spacing (143.57 t/ha) and at paired
row of 90x60 cm spacing (139.07 t/ha). The minimum cane
yield was obtained with paired planting of 120x60 cm. The
tillers per square metre were more in single row planting than
paired row planting, whereas, cane length wasmorein paired
planting than single row planting. The effect of crop geometry
indripirrigation on yield and yield attributes was found non-
significant during 2007-08 except on cane length which was
found more in 90 cm single row spacing.

The pooled data of three years revealed that tillers per
square metre and cane yield were significantly influenced by
crop geometry in drip irrigation. The higher cane yield and
tillers per square metre were recorded with singlerow planting
than paired row planting; however, cane yield at 90x60 cm
paired planting was at par with single row planting.

Irrigation levels: Irrigation level sinfluenced the caneyield
and most of the yield attributes significantly during all the
three years. Drip irrigation at 100% PE gave significantly the
highest caneyield (141.73 t/ha) followed by 80% PE (123.35
t/ha) and 60 % PE (102.00 t/ha) during 2005-06. The lowest
yield of 95.69 t/ha was recorded in surface irrigation at 1\W/
CPE 1.0. Tillers/m?, cane length and internode length were
affected significantly by irrigation levels. All thedrip irrigation

levels gave higher values of tillers, cane length and internode
length than surface irrigation treatment. Among the drip
irrigation levels 100 % PE recorded higher values of yield
attributes followed by 80 % and 60 % PE.

Drip irrigation at 100% PE also gave significantly the
highest caneyield (151.08 t/ha) followed by 80% PE (130.38
t/ha) and 60 % PE (127.28 t/ha) during 2006-07. The lowest
caneyield of 104.30 t/hawasrecorded in surfaceirrigation at
IW/CPE 1.0. Irrigation levels affected tillers/m?, cane length,
intersnode length and cane diameter significantly. All thedrip
irrigation levelsgave higher values of tillersand cane diameter
than surface irrigation treatment. Among the drip irrigation
levels 100 % PE recorded higher values of tillers per square
metre, cane length, internode length and cane diameter
followed by 80 and 60 % PE.

The effect of irrigation schedule on cane yield, tillers per
square metre, cane length and internode length was found
significant during 2007-08. The highest yield and yield
attributeswererecorded with drip irrigation at 100 % PE. The
minimum values of these parameters were found with flood
irrigation.

The pooled data of three years (Table 5) revealed that
different irrigation levels influenced cane yield, tillers per
square metre, cane length and internode length significantly.
Thehighest caneyield and yield attributeswere recorded with
drip irrigation at 100% PE treatment followed by 80 and 60
% PE treatments. The lowest cane yield, tillers per square
meters and internode length were recorded with surface
irrigation treatment.
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Table5 Effect of crop geometry and drip irrigation on cane yield and yield attributes (Pooled data of three years)

Treatment Caneyield Germination Tillers/sq. Canelength Inter node Cane diameter
(t/ha) (%) m (m) length (cm) (cm)
Crop geometry (surface)
75 cm row spacing 91.21 46.54 20.06 231 13.87 2.32
90 cm row spacing 89.75 47.93 19.37 2.27 13.78 2.36
90 cm X 60 cm paired row 88.15 49.80 19.05 211 13.83 2.32
120 cm X 60 cm paired row 85.87 50.55 18.13 2.18 13.62 227
S. Em.+ 5.53 2.52 1.38 0.07 0.54 0.06
CD at 5% NS NS NS 0.27 NS NS
Crop geometry (drip)
75 cm row spacing 119.80 50.82 25.68 2.30 14.48 2.30
90 cm row spacing 117.46 50.82 25.95 2.33 14.97 2.40
90 cm X 60 cm paired row 115.18 51.13 22.26 231 14.30 2.34
120 cm X 60 cm paired row 103.62 49.13 21.53 2.27 14.19 2.33
S. Em.+ 3.19 145 0.80 0.04 0.31 0.04
CD a 5% 9.21 NS 2.28 0.14 NS NS
Irrigation levels
IW/CPE 1.0 88.74 48.70 19.16 2.22 13.77 2.29
100% PE (drip) 128.29 50.43 25.92 2.39 15.27 2.39
80% PE (drip) 112.21 50.62 23.46 2.30 14.32 2.34
60% PE (drip) 101.54 50.88 22.19 221 13.87 2.30
S. Em.+ 2.98 1.36 0.73 0.04 0.27 0.04
CD a 5% 8.62 NS 214 0.12 0.83 NS

Themean datarevealed that drip irrigation at 60, 80 & 100
% PE increased cane yield by 14.4, 26.4 & 44.6 per cent,
respectively over the cane yield obtained with border strip
irrigation. In addition to yield increase, the respective water
saving was 32.9, 17.1 & 1.4 per cent. The results are in
conformity with the findings of Ramesh et al. (1994) and
Waykar et al. (2003).
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Response of soil test based integrated nutrient management under sugarcane
cultivation

ANEG SINGH, R KUMAR and BAKSHI RAM*

U.P. Council of Sugarcane Research, Shahjahanpur-242001

ABSTRACT

Field experiments were conducted for two consecutive crop cycles during 2011-12 and 2012-13 in spring planting
season at the farms of U.P. Council of Sugarcane Research, Shahjahanpur under recent alluvium sail to study the effect of
soil test fertilizer recommendation (STFR) alongwith organic manure on growth, yield, quality and soil health under
sugarcane cultivation. Application of fertilizers on the basis of soil test (100% NPK) wasfound effectivein comparison to
farmers’ practice (either nitrogen 150 kg/ha alone or NPK 150, 40, 20 kg/ha). When 100% NPK (STFR) was applied
through chemical fertilizer and organic manure both along with dual biofertilizers (Azotobacter and PSB), it further
enhanced the shoot, NMC and cane yield significantly. Under this treatment, the sucrose percent in juice increased from
16.49 to 17.06 at 10 month crop age and from 18.41 to 18.92 at 12 month crop age as compared to farmers’ practice. This
treatment fetched the highest net income and B:C ratio (2.56) as compared to control (2.20). The organic carbon (0.36%)
at the experimental field wasimproved with the application of organic manure alongwith dual biofertilizer indicating that
the treatment could maintain the level of available nitrogen in the sail.

Key words: Sugarcane, Caneyield, STFR, Fertilizer recommendation, NPK, Sail fertility

Imbalanced fertilizer use is one of the major abiotic
constraints causing the stagnation of cane productivity. The
last decades have witnessed theincreasing use of high analysis
fertilizer resultingin the poor physical, chemical and biological
properties of soil. A number of reports exhibited that the
organic carbon in soil has gone below the critical levelsunder
north Indian condition (Sharma et al. 2010). The
microorganisms found in the soil are dependent on organic
matter for energy and nutrient but continuous application of
only high analysisfertilizer has considerably reduced organic
matter in the soil and restoration mechanism of soil organic
matter isfairly checked. Once the organic carbon content has
reached a critical level, restoring the organic matter to its
original level would berequiring so that the original vegetation
can bereestablished. Incorporation of farm waste and organic
manures in to such soils improves its physical and chemical
properties (Lal et al. 2012). It is therefore, expected that
nutrient management may be achieved by involvement of
organic sources, biofertilizers, chemical fertilizers and micro
nutrients. Consideration of above fact, the present study was
undertaken to manage thefertilizer on the basis of soil testing
through integrated nutrient management for improving
physical and chemical properties of soil, yield and quality of
sugarcane grown in soil of an Entisol order.

*Director, U.P. Council of Sugarcane Research, Shahjahanpur.

MATERIALSAND METHODS

Thefield experimentswere conducted at the research farms
of U.P. Council of Sugarcane Research, Shahjahanpur (U.P)
using sugarcane variety ‘CoS 07250’ during spring planting
season of 2011-12 and 2012-13. The soil was classified as
aluvial belonging to Entisol order with pH 7.2, EC (dgm)
0.15, organic carbon (gnvkg) 3.9, available N (kg/ha) 218.0,
available P (kg/ha) 17.94, availableK (kg/ha) 148.0, available
S (mg/kg) 12.4, DTPA Zinc (mg/kg) 0.41, DTPA Fe (mg/kg)
8.0, DTPA manganese (mg/kg) 15.2, and DTPA copper (mg/
kg) 1.0. Six treatmentsvizT, - (conventional or farmerspractice
fertilizer recommendation as nitrogen @ 150 kg/ha), T, -
(conventional fertilizer or general farmers practice
recommendation asNPK @ 150, 40, 20kg/ha, T, - (75% NPK,
STFR, soil test fertilizer recommendation); T, - (100% NPK
(STFR), T, -100% NPK+ Zn+Cu (STFR); T, — 100% NPK
(STFR) through chemical fertilizer and organic manure +
Azotobacter + PSB with three replications were tested in
randomized block design. All the sources of computed
chemical fertilizer, organic manure, biofertilizer were added
in furrow before planting of cane. Only 1/3 dose of N was
applied at the time of planting and remaining 2/3 doses of
nitrogen was top dressed in two equal splits before the onset
of monsoon. All the agronomical practices were followed as
per recommendations. The sucrose per cent in Juice was
analyzed by the method described by Meade and Chen (1977)
at 10" and 12" month of crop age. Yield and yield attributes
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viz. shoots, millable canes were also recorded timely. Soil
samples were procured from 0-23 cm depth before planting
and after harvest of cane. The physico-chemical properties of
soil were analyzed by standard procedures using CHNS
analyzer (CE 440), AAS (ECIL 4141) flame photo meter
(Chemito-1020) etc.

RESULTSAND DISCUSSION

Effect on shoots, NMC and caneyield

It is apparent from data presented in Table 1 that the
application of conventional fertilizer recommendation or
general farmerspracticeas N, P, K @ 150, 40, 20 kg/ha (T,)
to the soil enhanced the number of shoots, millable canesand
cane yield in comparison to conventional fertilizer
recommendation as only nitrogen @ 150kg/ha (T,). This
response was possi bly observed due to addition of phosphorus
and potash in the soil. However, application of fertilizer on
the basis of soil testing (100 % NPK @ 190, 60 and 50 kg/ha)
(T,), further increased the shoots, number of millable canes
and cane yield in comparison to T, treatment and the results
were at par with general farmers practice as T, treatment.
Superiority of number of shoots, millable canesand caneyield

[Indian Journal of Sugarcane Technology 29 (01)

was observed possibly due to the balance fertilization for the
standard of cane cultivation which increased the utilization of
major nutrient for proper development of plant. Similar results
were reported by Singh et al. (2000) aswell. Thetreatment T,
as 75% NPK (STRF) wasdeclined by 8.20 per cent caneyield.
The application of fertilizer 100% NPK (STFR) through
integrated nutrient management (T,) gave significantly higher
shoots, NMC and cane yield as compared to those planted
under T, T, and T, treatments. The magnitude of response
under T, was higher upto 22.20% possibly due to the
contribution of organic manure and biofertilizer which
increased the efficiency of fertilizer as organic manureisalso
known to maintain the adequate supply of different nutrients
and microbial activities of soil. Similar results have been
reported by Srivastava (1990) and Bokhtiar and Sakwai
(2005). Theinclusion of organic manure in combination with
inorganic fertilizer possibly increases the absorption of NPK
in leaf tissue as compared with chemical fertilizer alone.

Effect on sucrose percent in juice

Datapresented in Table 1 indicated that significant increase
insucrose per centinjuicewas observed under T,(100% NPK;
STFR) ascompared to T, treatment (Conventional fertilizer).

Table1 Effect of fertilizer application on the basis of soil testing on yield and quality of sugarcane

. Sucrose % .
Treatments Sh(%‘())tg;ha N a/')(%)ha Z /'ﬁg 10 12" %g
month month
T,- Conventional fertilizer or farmers
practice recommendation (150 kg N/ha) 107 92 65.74 16.49 18.41 2.20
T,- Conventional fertilizer or general farmers
practice recommendation (NPK 150,60, 116 101 71.39 16.64 18.78 2.36
20 kg/ha)
Ts 75% NPK (STFR) 113 99 67.90 16.73 18.72 2.35
T4 100% NPK (STFR) 118 103 73.97 16.84 18.85 241
Ts- 100% NPK ZnCu (STFR) 122 105 75.30 16.94 18.92 245
Te- 100% NPK (STFR) through chemical
fertilizers and organic manure + Azotobacter 126 112 80.34 17.06 18.92 2.52
+ PSB
SE+ 7.47 8.16 4.98 0.047 0.10
CD at 5% 16.64 18.19 7.35 0.105 0.20
Table2 Residual effect on soil after the harvest of the crop
Organic carbon N P K
Treatments
(9kg) (kg/ha) (kg/ha) (kg/ha)
Initial status 3.9 218 17.90 148.0
T,- Conventional fertilizer or farmers practice
recommendation (150 kg N/ha) 3.2 196 120 1330
To- Conventional fertilizer or general farmers
practice recommendation (NPK 150,60, 20 kg/ha) 35 207 140 139.0
T 75% NPK (STFR) 34 204 13.2 142.0
T4 100% NPK (STFR) 3.6 215 15.6 145.0
Ts- 100% NPK ZnCu (STFR) 3.6 214 16.0 151.0
1000 . -
Te- 100% NPK (STFR) through chemical fertilizers 45 297 212 161.0

and organic manure + Azotobacter + PSB
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The application of 100% NPK (STFR) in combination with
organic manure and biofertilizer (T ) further significantly
increased in sucrose per cent in juice upto 0.57 units as
comparedto T, treatment. Thisincrease was obtained possibly
due to presence of secondary and micronutrients in organic
manure which are responsible for increasing sucrose content
in juice. An increase in sucrose per cent in juice after
application of sulphur and micronutrients have been reported
earlier (Rakkiyappan et al. 2002; Singh et al. 2000). Similar
trends were observed in case of 12" month crop age.

Soil fertility status

The soil analysis done after the harvest of cane (Table 2)
reveal ed that the restoration mechanism of soil organic matter
ischecked under T, treatment (150 kgN/ha). Though, it dightly
increased after addition of phosphorus and potash as chemical
fertilizers (under 100% NPK; STFR), it did not reach toinitial
status of soil. Thisindicated that plant crop utilized majority
of the nutrient applied through chemical fertilizers. Moreover,
the application of 100% NPK (STFR) alongwith organic
manure and biofertilizer (T,) increased the organic carbonin
comparisonto T, T, and T, treatments and also maintained
the initial status of soil. Build up of organic carbon in T,
treatment, organic carbon content was 3.2 g kg which
increased to 4.5 g kg with the application of 100% NPK
(STFR) along with organic manure and bio fertilizer. Balance
fertilization improved the available N over its initial value.
Integrated use of inorganic fertilizer and organic manure +
biofertilizer wasmoreeffectiveinincreasing the soil available
N. Similar results were reported by Bhale Rao et al. (2006).

Effect on C:B ratio

Cost benefit ratio was also computed on the basis of net
returnsas per existing market pricesin all thetreatments (Table
1). The results clearly showed that the application of 100%
NPK (STFR) aong with organic manure and Biofertilizer (T,)
fetched the highest B:C ratio (2.52) followed by T, (2.20), T,
(2.36) and T, (2.35) treatmentsindicating that the application
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of 100% NPK (STFR) through integrated nutrient management
was found more profitable.

Conclusively, the application of 100% NPK (STFR) along
with organic manure and biofertilizer showed significant
increase in yield and quality of sugarcane and aso improved
the fertility status of soil. It istherefore advisable that the use
of integrated nutrient management on the basis of soil test
may be adopted in place of conventional farmers’ practice for
improved cane and sugar productivity under sugarcane
cultivation.
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Sustainable sugarcane production through intercropping of mungbean (Vigna
radiata L.) in relation to nitrogen management in trench planted sugarcane

SHRIPRAKASH YADAV?, R D TIWARI?, S C SINGH?, B L SHARMA*AND BAKSHI RAM®

Sugarcane Research Institute, Shahjahanpur-242001 (U.P)

ABSTRACT

Field experiments were carried out for three consecutive years (2011-12 to 2013-14) during spring season at U.P.
Council of Sugarcane Research farm, Shahjahanpur. The main objective of the study was to find the suitable method of
mungbean residue management and appropriate dose of N in light of NPK application and its effects on productivity and
profitability of trench planted sugarcane. The experimental soil was sandy loam in texture, low in organic carbon (0.36%)
and available phosphorus (11.43kg/ha) and medium in potassium (124 kg/ha) with 7.7 pH. Experiment waslaid outin a
randomized block design with eight treatments and three replications with the variety ‘CoS 07250” (mid late maturing).
Themean dataof three years reved ed that sugarcane (trench method) with 100% NPK + mungbean and residueincorporation
with organodecomposer @ 10 kg/ha followed by sugarcane (trench method) with 1009% NPK + mungbean and legume
residue incorporation gave higher cane yield 96.37 t/ha and 94.95 t/hawith B:C ratios of 2.07 and 2.06, respectively.

Key words: Sustainable, Nitrogen management, Trench planted sugarcane, organodecomposer, residue

incorporation.

Increasing demand of chemical fertilizersandtheir adverse
effectson soil physical, chemical and microbial propertiesand
changing agro-ecosystem environment hasinitiated the scien-
tists to evolve the other safer means for plant nutrient.
Integrated nutrient management helps to restore and sustain
the soil fertility and crop productivity by supplementing not
only the primary and secondary nutrients but also
micronutrients, microbial population and thus improves the
physical, chemical and biological environment of the soil for
sustained agriculture production (Gaur and Singh 1982).
nonjudicious use of inputs such asfertilizer, water and organic
manures and inability of practice integrated nutrient
management about 174 million hectares of land in India has
so for degraded. The nitrogen use efficiency isaslow as 20%
and hardly exceeds 50%. This may lead to environmental
pollution to increase nitrate concentration in ground water. It
istherefore, urgent need to promoteintegrated nutrient supply
systeminvolving organic manures, green manuring of legume
crops and bio-fertilizer for biological nitrogen fixation with
rational use of chemical fertilizers. A number of scientistshave
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reported the beneficial effects of organic manures (SPMC/
FY M) onsoil properties, crop productivity including sugarcane
(Raman et al. 1966) and also microbial activity in soil (Jauhari
1990). As sufficient experimental data were not available on
the effect of FYM and green manuring of legume crop with
bio-fertilizers. Keeping above points in view, a field
experiment was conducted.

MATERIALSAND METHOD

Field experiments were carried out during spring season
for three consecutive years (2012-13 and 2013-14) at
Sugarcane Research Institute Farm, Shahjahanpur. The
experimental soil was sandy loam in texture, low in organic
carbon and available phosphorus and medium in potassium
with 7.7 pH. The experiment waslaid out in randomized block
design with eight treatments replicated thrice. Sugarcane
variety ‘CoS 07250” (mid late maturing) was planted in
February and harvested in March. 30 cm wide and 20-25 cm
deep trench opened at 120 cm and followed by two lines of
mungbean were taken between two trenches. M ungbean crop
was turned off in soil after last picking of pods and
organodecomposer @ 10kg/ha was applied as per treatment.
Observations on germination, number of shoots, millable
canes, cane yield, CCS yield were recorded at the respective
growth and harvesting stages. All the recommended package
of practices was followed for raising the experimental crop.
The details of treatments were as follows:

T,- Sugarcane (trench method) with 100% NPK
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Table1l Effect of treatments on germination, shoots, number of millable canes, cane yield, CCS % and B : C ratio of trench

planted sugarcane (Pooled data of 2011-12 to 2013-14)

Treatments Germi. Shoots NMC Caneyield CCS B:C
% (000/ha) (000/ha) (t/ha) (%) ratio
T4~ Sugarcane (trench method) with 100% NPK 64.88 145.910 115.316 91.17 10.89 1.99
To- Sugarcane (trench method) with 125% N+ 100%  65.63 152.431 119.097 94.83 10.88 1.98
P& K
Ts- Sugarcane (trench method) with 100% NPK+ 63.08 146.296 114.660 89.16 1092 2.03
mungbean without residue management.
T4 Sugarcane (trench method) with 100% NPK+ 66.71 150.309 118.171 94.95 1118 2.06
mungbean and residue incorporation.
Ts- Sugarcane (trench method) with 100% NPK+ 63.80 153.819 121.103 96.37 11.14  2.07
mungbean and residue incorporation with
organodecomposer.
Te- Sugarcane (trench method) with 75 % N and 67.64 141.550 109.182 88.04 11.37 198
100% P & K+ mungbean and residue removal.
T+~ Sugarcane (trench method) with 75 % N and 67.06 144.637 110.648 93.29 1127  2.05
100% P & K+ mungbean and residue
incorporation.
Tg- Sugarcane (trench method) with 75 % N and 68.66 148.727 116.011 93.67 1129 2.03
100% P & K+ mungbean and residue
incorporation with organodecomposer.
SE+ 0.76 1.264 3.523 1.29 0.24
CD 5% NS 2.533 7.060 2.58 N.S.

T,- Sugarcane (trench method) with 125% N + 100% P & K

T,- Sugarcane (trench method) with 100% NPK + mungbean
without residue management.

T,- Sugarcane (trench method) with 100% NPK + mungbean
and residue incorporation.

T,- Sugarcane (trench method) with 100% NPK + mungbean
and residue incorporation with organodecomposer.

T, Sugarcane (trench method) with 75% N and 100% P & K
+ mungbean and residue removal.

T.- Sugarcane (trench method) with 75% N and 100% P & K
+ mungbean and residue incorporation.

T, Sugarcane (trench method) with 75% N and 100% P & K
+ mungbean and residue incorporation with
organodecomposer.

RESULTSAND DISCUSSION

The mean data of three years (2011-12 to 2013-14)
regarding germination, shoots, millable canes, caneyield, CCS
% and benefit cost ratio given intable-1 clearly indicated that
the germination remained unaffected by different treatments.
Integration of nutrient sources and mungbean residue
management practicesled to increase, shoots, millable canes,
cane yield. Sugarcane (trench method) with 100% NPK of
RD + mungbean and residue incorpotation with
organodecomposer @10 kg/ha (T,), produced significantly
higher shoots (153819/ha), number of millable canes(121103/
ha) and cane yield (96.37 t/ha) followed by treatment T, :

Sugarcane (trench method) with 100% NPK + mungbean and
residueincorporation than other treatments. Caneyield (96.37
t/ha) than that of T, Sugarcane (trench method) with 75% N
and 100% P & K + mungbean and residue removal. The
perceptible increase in cane yield was attributed due to
improvement in yield parameters. Similar findings were also
reported by Ramalingswami 1966. M aximum benefit cost ratio
(2.07) was also recorded under same treatment followed by
T,-Sugarcane (trench method) with 100% NPK + mungbean
and residue incorporation and T_-Sugarcane (trench method)
with 75% N and 100% P & K + mungbean and residue
incorporation as compared to others. CCS % was hot affected
significantly by various treatments, it was higher obtained in
mungbean intercropped treatments over aone cane.

REFERENCES

Gaur A C and Singh Ramendra. 1982. Integrated nutrient supply
system. Fertilizer News.Feb. 87-88.

Jauhari K S. 1990. M odified sugarcane pressmud: A potential carrier
for commercial production of bacteriainoculants. Indian J. Agric.
Res. 24 (4) 189-97.

Ramalingaswami K Naidu M R and MallikarjunaRao T K V V.
1966. Studies on the effect of fertilizer nitrogen pressmud cake
and Azotobacter on the uptake yield and quality of sugarcane
ratoon. Cooperative Sugar, 27(5): 351-54.

Raman S, Patil R G and ZolawadiaN M. 1996. Use of pressmud in
Indian Agriculture-A review. DSTA Part-1, 45" Ann. Conv., 552-
58.






Indian Journal of Sugarcane Technology 29(01): 32-34, June 2014

I mproving thermal efficiency of open pan jaggery furnaces - A novel concept
S| ANWAR

Indian Institute of Sugarcane Research, Lucknow - 226002 (U.P.)

ABSTRACT

Despite many improvements in open pan furnaces used for jaggery making, alot of valuable heat energy still goes
wastein the process of concentrating sugarcane/palm juice on these furnaces. Efforts are still going on but the quantum of
heat lossis enormous. Non-uniform feeding of fuel (bagasse) resultsinimproper combustion and sometimesinflammable
gases, generated on thermal cracking of biomass, remain unburnt and goes with the flue gases aswaste. Drifting of flames
towards flue gas opening even without touching pan bottom results in poor convective heat transfer. It has aso been
observed that heating ability of flamesincreases many timesif these are mixed with pressurized oxygen/air. Any improvement
in furnace efficiency accrued though modification/ateration in existing system will go long way to save tremendous
amount of fuel and energy. To implement thisconcept, aminiature model of efficiency booster (EB) using simplematerials
was designed and fabricated. It consisted of aweb made out of Gl. nipples, bends, tees, cross tees etc. Drilling of holes
was done on these components at suitable places and at certain angles. For testing of concept, the EB was designed
matching with amild steel pan of 203 mm diameter and was tested in asmall jaggery furnace like structure by connecting
it to a hand blower with suitable attachments. Water boiling test was performed. Cosiderable improvement in thermal
efficiency and increase in evaporation per unit of fuel was ohserved. Improvement in furnace performance parameters
would help in saving of fuel and time.

Key words: Jaggery, Furnace, Juice concentration.

Jaggery and Khandsari is an age-old cottage industry
consuming 18.1 per cent of total sugarcane produced in India
(Anon. 2014). In jaggery making, sugarcane is crushed for
extraction of juice and the raw juice is subjected to filtration,
clarification and finally concentration to a desired level of
consistency. Unlike sugar mills, where well-designed and
efficient vacuum pans and multiple-effect evaporatorsare used
for sugarcane juice concentration, open pans are used in
jaggery makingindustry. Design of furnacesvariesfrom place
to place as per requirement. These furnaces vary in size and
capacity and are mostly location specific. Based on capacity
of jaggery plant and system of jaggery making, open pan
furnaces of jaggery industry may have single or multiple pans.
Heat utilization efficiency of multi-pan furnacesisbetter. Many
designs of furnaces have been described by Roy (1952). In
most of the furnaces, lack of scientific awareness and know-
how isroot cause towardstheir poor design and performance.
Still at many places traditional single pan furnaces are being
used. It is highly inefficient and huge loss of valuable heat
energy iswitnessed. Dueto poor heat utilization efficiency of
these furnaces sometimes shortage of bagasse (main source
of heating material) is experienced. However, it is generally
understood and said that the bagasse obtained from cane is
sufficient to boil/concentrate the juice that has been obtained
from that particular quantity of cane. If it is so, then the

1E-mail: sianwar@yahoo.co.in

minimum heat utilization efficiency of furnace should be 35%
(Anwar 2005). Indian Ingtitute of Sugarcane Research (11SR),
Lucknow developed animproved 2-pan furnacewith step grate
for better combustion of fuel and rectangular gutter pan for
pre-heating of juiceand tested (Anon. 1956; Baboo and Anwar
1994; Singh et al. 2009). L ater, a3-pan furnace was devel oped
having two circular and one rectangular pan (Singh 2009).
Open pans are considered to be an integral part of these
furnaces. Anwar (2010) devel oped modified pans having fins
for jaggery furnace, which resulted in improvement in
performance parameters.

The rate of fuel feeding is not uniform in furnaces and
sometimes this does not match with the air being sucked in
for combustion and the rate of heat transfer requird. Flame
formation during combustion of fuel isactually the combustion
of inflammable gases, which emerge out on thermal cracking
of fuel. Sometimes, these gases are formed but in absence of
sufficient oxygen/air, are not burnt properly and go waste with
flue gases. Secondly, it has been observed that flames drift
towards flue gas opening and many of these flames do not
even touch pan bottom. Therefore, adevice, which can direct
flame towards pan bottom and make more turbulence for
increased heat transfer may overcome this problem to some
extent. A novel concept to inject forced air in a specified
configuration has been used for designing a device, named
‘Efficiency Booster’ which is expected to increase quantum
of available heat to a pan in jaggery making furnace in
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particular by directing it to the pan bottom for increased
utilization. The air supplied through this would also help in
complete combustion of unburnt gases, which would have
otherwise gone as waste.

MATERIALSAND METHODS

For testing of the hypothesis, amodel of efficiency booster
was developed by using G.l. nipples, sockets, tee, cross tee
and bends (Fig.1). Holes (4 mmdia.) weredrilled at specified
places and angles as shown in figure 2. The size of efficiency
booster waskept matching with amild pan of 203 mm diameter.
Thiswasinstalled in asmall jaggery furnace like structure at
such a height that it does not affect normal fuel feeding and
was connected to a hand blower with suitable attachments.
This was kept close to the pan bottom so that air coming out
of holeswould be able to strike pan bottom. On operaing the
blower, the air, which is hot as it is coming out of heated
efficiency booster and is at a increased velocity, will attract
surrounding flames due to pressure differenceand direct these
to the pan bottom. With this phenomenon more heat transfer
isexpected to take place and asaresult, efficiency is expected
to increase.
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Fig.1. Miniature model of efficiency booster
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Fig.3. Efficiency booster and itsinstallation in jaggery
furnace like structure

Performance evaluation

The miniature model of efficiency booster wasinstalled as
described before in a small jaggery furnace like structure
(Fig.3). Bagasse was used asfuel. 2500 ml of water wastaken
in the pan and the fuel waslit.

On formation of flames hand blower was operated. Fuel
feeding was maintained at a constant rate and the temperature
of water was noted down at regular interval till water started
boiling. Fuel feeding was continued for some more time and
the pan was covered with lid and water was allowed to cool
down. Inthelast, water left in pan was measured and by initial
and final weight of fuel, actual fuel consumed was calcul ated.
The experiment was repeated thrice.

RESULTSAND DISCUSSION

Thetemperature profile of water with and without efficiency
booster has been shown in figure 4. It is apparent from the
figurethat it required considerably lesstimefor water to attain
boiling point by using efficiency booster than otherwise. More
turbulence and blue flames were observed in the modified
system, which helped in comparatively more heat generation
and heat transfer. Lesser quantity of fuel was consumed with
efficiency booster. Although, extra energy was required for
running the blower, but in actual conditionsof jaggery making,
blower can be operated by already running prime mover for
cane crushing by some suitable arrangement and even larger
blower can be used as per the requirement. In juice
concentration for jaggery making, maximum amount of time
isconsumed in evaporating water fromjuiceanditisdesirable
that thistimeisreduced asmuch as possibleto check inversion
losses. Fud feeding isalso maintained at aconstant rate during
this period. So efficiency booster is very much suitable for
such system. On those occasions, when controlled heat is
required, like while performing clarification or at final stage
near striking point, the blower can be set to off position.
Improvement in jaggery quality will be an added advantage
and with lesser time of processing, jaggery productivity isalso
expected to increase. Effect on other important performance
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parameters has been shown below:

Effect of efficiency booster on various performance
parameters
A. Water evaporated
Without EB - 1.34 kg
With EB - 1.82 kg
Percent increase in thermal efficiency — 35
B. Evaporation/kg fuel
Without EB - 0.53 kg
With EB - 0.72 kg
0.19 kg more evaporation /kg of fuel
Per cent increase in evaporation/ kg fuel — 35
C. Fuel consumed/kg water evaporated
Without EB - 1.89 kg
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Fig. 4. Temperature profile of water with and without EB
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With EB - 1.39 kg
Per cent saving in fuel — 26
D. Time requirement/kg water evaporation
Without EB — 0.59 hours
With EB - 0.41 hours
Per cent saving in time — 30
It isevident from above figuresthat efficiency booster has
positive effect on all the performance parameters of the
furnace. Saving in fuel will save bagasse in jaggery making
whereas, saving in time will lead to increase in jaggery
productivity. Therefore, whole economics of jaggery
production islikely to improve.
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Effect of surface and sub surfacedrip fertigation on yield and quality of sugarcane
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KV RAMANA MURTHY

Regional Agricultural Research Sation, Anakapalle, Andhra Pradesh

ABSTRACT

A field experiment was conducted at Regional Agricultural Research Station, Anakapalle to study the effect of water
and fertilizer management practices with drip irrigation on yield and quality of sugarcane during 2012-13 and 2013-14.
The study was conducted with three methods of irrigationsviz., surface drip, sub surface drip and furrow irrigation under
four nitrogen levels in split plot design. The test variety ‘97A85’ (Visakha) was planted in paired rows (60/120 cm) and
the surface and subsurface drip laterals were installed in the rows of each pair. Significant differencesin caneyield were
observed due to different methods of irrigation and application of different levels of nitrogen. Drip irrigation methods
both sub surface (102.7 t/haand 119.6 t/ha) and surface (101.2 t/haand 115 t/ha) irrigation methodsregistered significantly
highest cane yield as compared to furrow method of irrigation (85.5 t/ha and 99.8 t/ha) during 2012-13 and 2013-14
respectively. Among different nitrogen level s application of 200 Kg N/harecorded significantly higher caneyield of 103.4
t/haand 119 t/haduring two seasons.. Further increasein level of nitrogen doesnot resulted in significant increasein cane
yield during both the years. Highest per cent juice sucrose was recorded in drip irrigation treatments as compared to
furrow irrigation. Among different nitrogen levels, application of 150 Kg N/harecorded higher sucrose per cent during
two seasons. There is saving of water to the extent of 34.1% during 2012-13 and and 30.8% during 2013-14 in drip
irrigation as compared to furrow irrigation. Among different methods of irrigation sub surface (1.24 and 1.33) and surface
(1.21 and 1.28) methods of irrigations registered higher water use efficiency as compared to furrow method of irriga-
tion(0.68 and 0.77 ) during 2012-13 and 2013-14 respectively. Thereisincreasein caneyield to thetune of 20.1 and 18.4
per cent during first year and 19.8 and 15.2 per cent increase during second year of study in sub surface and surface drip

irrigation methods respectively as compared to furrow method of irrigation.

Key words: nitrogen levels ; sub surface drip fertigation; sugarcane yield: water use efficiency

Water is most costlier and scarce input in sugarcane
agriculture. It is imperative to use available water most
judiciously and scientifically in order to increaseland and water
use efficiency. The water requirement of crop fulfilling the
evapo-transpiration ismet either from rainfall or reservoirsor
ground water. Frequent aberrations in rainfall leading to
reduced ground water availability is the major constraint of
water in Agriculture. The method of using water in this sector
for raising the cropsisfurther enhancing the problem of water
scarcity. Surface method of irrigation ismost commonly used
in India to meet the water requirement of the crop which
involves heavy loss of water in conveyance and poor in
application and water use efficiency. Drip fertigation, one of
the potential technologies offers the great scope to increase
cane productivity up to 200-220 t/ha (Senthil Kumar 2009),
saves 40-50%irrigation water and enhances nutrient efficiency
by 40% (Solomon 2012). Fertigation with conjunctive use of
fertilizer nutrients and irrigation water offers the possibility
to optimize the water and nutrient distribution over time and
space (Nanda 2010). Sugarcane being a long duration crop

* Scientist (Agronomy), RARS, Anakapalle e-mail -
tv_gouri @rediffmail.com

requires considerable quantity of water to the extent of 1400
— 1500 mm in the subtropics (Solomon 2012). Keeping these
facts in view the present study was carried out to study the
effect of water and fertilizer management under dripirrigation
onyield and quality of sugarcane.

MATERIALSAND METHODS

A field experiment was conducted at Regional Agricultural
Research Station, Anakapalle, Andhra Pradesh during 2012-
13 and 2013-14. Sail of the experimental site is sandy loam.
The experiment was designed in split plot design with three
methods of irrigation (surfacedrip, sub surface drip and furrow
irrigation) and four levelsof nitrogen (100 Kg/ha, 150 Kg/ha,
200 Kg/ha and 250 Kg/ha), thus constituting of twelve
treatments randomized in threereplications. Drip was operated
daily to replenish 100% evaporation lossestaking into account
rainfall, pan and crop co-efficients. Early maturing sugarcane
variety ‘97A 85’ (visakha) was planted in paired rows (60 cm/
120 cm) using three budded setts @ 40,000/ha in the month
of March during during both the seasons. Fertigation schedule
was started at 30 days after planting (DAP) with an weekly
interval and continued up to 180 days after planting. Thusthe
N fertilizers in different doses were applied through drip in
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21 equal splits. All other agronomic practices like hand
weeding, earthing up, trash twist propping etc, were carried
out according to recommendations. Yield attributing
parameters like number of millable canes, cane length were
recorded at the time of harvest. Caneyield was recorded after
stripping the leaves and de-topping. Juice quality parameters
viz., sucrose%, CCS % and sugar yield were recorded at
harvest by following standard procedures (Meade and
Chen,1971). Datacollected were statistically analyzed and the
results were compared.

RESULTSAND DISCUSSION

Results pertaining to the yield, yield attributes and juice
quality parameters are presented in table 1& 2 and discussed
below.

No. of millable canes at harvest

Sub surface drip irrigation method registered significantly
higher number of millable canes (1,01,681/haand 82,296/ha)
followed by surface drip irrigation method (1,00,569/ha and
81,506/ha) during 2012-13 and 2013-14 respectively. Among
different nitrogen levels, , application of 250 Kg N/harecorded
significantly higher number of millable canes as compared to
other levels of nitrogen but found on par with application of
200 Kg N/ha (Table 1).

Per cent Juice Sucrose

Significant differenceswere observed in respect of per cent
sucrose due to different treatments. Highest per cent juice
sucrosewasrecorded in drip irrigation treatments as compared
to furrow irrigation during both the years of study. Among
different nitrogen levels, application of 150 Kg N/harecorded
higher sucrose per cent of 16.8 and 18.0 during 3012-13 and
2013-14 respectively.
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Commercial Cane Sugar

Significant differences in CCS % were observed due to
different methods of irrigation and also dueto nitrogen levels.
Both Surface and sub surfacedripirrigation methodsregistered
highest CCS % as compared to the furrow method of irrigation
(Tabel 1). Application of 150 Kg/ha of nitrogen gave
significantly higher CCS% of 12.7 during 2012-13 but
significant differences in CCS were not observed due to
different N levels during 2013-14.

Caneyield

Significant differencesin cane yield were observed due to
different methods of irrigation and application of different
levels of nitrogen. Drip irrigation methods both sub surface
(102.7 t/haand 119.6 t/ha) and surface ( 101.2 t/haand 115t/
ha) irrigation methods registered significantly highest cane
yield as compared to furrow method of irrigation (85.5 t/ha
and 99.8 t/ha) during 2012-13 and 2013-14 respectively.
Among different nitrogen levels application of 200 Kg N/ha
recorded significantly higher cane yield during both the years
(Table 1). Higher sugarcane yield with increase in fertilizer
levelswas al so reported by Rajannaand Patil (2003). Further
increase in level of nitrogen does not resulted in significant
increase in caneyield (104.5 t/ha).

Sugar yield

Highest sugar yield isrecorded with sub surface and surface
method of irrigationsand application of 200 KgN /harecorded
highest sugar yield (Table 1).

WUE

Thereissaving of water to the extent of 34.1% and 30.8 %
in drip irrigation as compared to furrow irrigation (Table 2).
Among different methods of irrigation sub surface (1.24 &

Table1 Yield attributes, yield and quality of sugarcane as influenced by methods of irrigation and nitrogen levels under drip

fertigation during 2012-13 and 2013-14

Treatment NMC/ha Caneyield (t/ha)

Sucrose % CCS% Sugar yield (t/ha)

2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14

Method of Irrigation
Sub surface

o 1,01,681 82,296 102.7 119.6
irrigation

Surface Irrigation 1,00,569 81,506 101.2  115.0
Furrow irrigation 88,016 77,839  85.5 99.8
SEm+ 180.2 225 1.90 154
C.D(0.05) 708.0 659 75 6.1

Nitrogen Levels

N1:100 Kg/ha 85185 78518 83.1 96.6
N2: 150 kg/ha 91,671 80,691 947 108.6
N3: 200 kg/ha 104,303 82,552 1034 1141
N4: 250kg/ha 1,05861 81,226 1045 1199
SEm+ 375.0 259 1.83 19

C.D(0.05) 1114.0 760 5.4 59

16.4 17.6 12.24 13.7 12.6 16.1
16.4 174 12.33 13.7 12.5 15.6
15.8 17.4 11.74 13.9 10.3 135
0.07 - 0.06 - - -
0.30 NS 0.25 NS - -
16.5 17.8 124 141 10.3 135
16.8 18.0 12.7 13.2 12.0 14.2
16.0 17.2 11.8 14.0 12.2 159
154 17.0 115 13.8 12.0 16.4
0.29 - 0.32 - - -
0.9 NS 0.95. NS - -
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Table2 Effect of drip fertigation on water use and WUE
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Quantity of . . Increase in cane Water Use
Trestments irrigation water Wate(ro /?)atvmg Ca?t?h);)eld yield Efficiency
applied (ha-cm) (%) (t/ha-cm)
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
Sub surface 830 900 341 308 1027 1196 201 198 124 133
irrigation

Surface irrigation 83.0 90.0 34.1 30.8
Furrow irrigation 126.0 130.0 - -

101.2 115 184 15.2 121 1.28
85.5 99.8 - - 0.68 0.77

1.33) and surface (1.21 & 1.28) methods of irrigations
registered higher Water Use Efficiency ascompared to furrow
method of irrigation (0.68 &0.77) during 2012-13 and 2013-
14 respectively.

CONCLUSION

Adopting of drip irrigation both sub surface and surface
registered significantly higher cane yield when compared to
conventional furrow irrigation. Thereissaving of water to the
extent of 34.1% under drip irrigation as compared to furrow
irrigation. Among different methods of irrigation sub surface
(1.24) and surface (1.21) methods of irrigations registered
higher Water Use Efficiency as compared to furrow method
of irrigation (0.68).
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Evaluation of some sugarcane varietiesfor quality jaggery production in Uttar
Pradesh
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ABSTRACT

Studies on performance of some elite early and mid-late maturing sugarcane varietieswere carried out for jaggery yield
and its quality at Sugarcane Research Institute, Shahjahanpur. Ten varieties namely ‘CoS 767, ‘CoS 95255°, “‘CoS 98259°,
‘CoS 07250, “CoS 082727, “CoS 08279, “CoSe 01424’, “‘CoSe 01434, ‘CoSe 03234’ and ‘CoSe 96436’ were evaluated
during the years 2011-12 to 2013-14. Pooled analysis of the results showed that an early variety ‘CoS 08272’ recorded the
highest jaggery percent in juice (20.72) and jaggery percent in cane (12.25) followed by ‘CoSe 01434’, “‘CoSe 03234°,
‘C0S 98259’ and ‘CoS 08279°. Cultivar ‘CoSe 08272” gave slightly lesser jaggery yield as compared to ‘CoS 08279 and
‘CoSe 01434’ due to their higher cane yields. Jaggery prepared from ‘CoS 08272’ gave the highest sucrose percent in
jaggery (83.2), purity coefficient (88.42) and less invert sugar percent (3.64). The jaggery of ‘CoS 08272 is light yellow-
ish in colour, granular in texture and has a good taste. Highest jaggery yield was recorded in ‘CoS 08272’ (10.22 mt/ha)
followed by ‘CoSe 01434’ (9.89), ‘CoS 08272’ (9.46) and ‘CoS 07250’ (9.42) among the cultivars studied. Varieties ‘CoS
08272’ and “‘CoS 03234 produced jaggery of excellent quality while ‘CoS 08279°, ‘CoSe 01434” and ‘CoS 95255’

produced jaggery of medium to good quality.
Key words: Jaggery, Quality

INTRODUCTION

Sugarcaneisanimportant commercial crop of Uttar Pradesh
occupying about half of the area with more than 45 percent
production of sugarcane in the country which renders Uttar
Pradesh to be apremier state. Jaggery is one of the oldest and
most important cottage industries in India. Prior to 1902,
almost all the sugarcane produced was being processed for
manufacturing of jaggery and khandsari. Jaggery is not only
used as sweetening agent but also used in several sweet food
preparationsowing to itslow cost and ready availability. Juice
quality is affected by many factors namely cane variety,
climate, soil, fertilizer, irrigation and other management
practices. It is well accepted that the quality of sugarcane is
highly associated with the variety. Jaggery quality depends
mainly on juice quality and hence factors affecting the juice
quality also affect the jaggery quality. Widely with respect to
juice composition, Pandiyan (1988) and Vasudha (1986) have
reported that the brix, pol and purity of jaggery differed
significantly among the varieties studied. Accordingto Mishra
(1992), jaggery quality depended on the chemical composition
of juice irrespective of method of boiling and clarification.
Good quality jaggery had high sucrose and purity with less
reducing sugar. Rakkiyappan et al. (1996) evaluated some of
the varieties and observed wide variation in jaggery quality
due to varieties. Hence, it was thought plausible to evaluate

email : dirupcsr@gmail.com, sharma.brij2012@gmail.com

elite sugarcane varieties devel oped from Sugarcane Research
Ingtitute, Shahjahanpur for jaggery production and quality
indices.

MATERIALSAND METHODS

The material for the present study consisted of 10 elite
sugarcane varieties namely ‘CoS 767°, ‘CoS 95255’, ‘CoS
98259, “‘CoS 07250, “CoS 08272’, ‘CoS 08279’, ‘CoSe
01424’ “CoSe 01434’, “‘CoSe 03234’ and ‘CoSe 96436’ which
were planted in spring season of 2012-13 and 2013-14. The
recommended package of practices was followed for raising
a good crop. As representative samples, 10 kg of randomly
sel ected canes weretaken from the mature crop of experimental
field, trash and tops were removed and crushed. Juice thus
obtained was filtered and three liters of juice was taken for
jaggery preparation. The measured juice was poured into a
small galvanized iron pan and then heated at |ow temperature
(75°C). Gum, colloids and other impurities floating as scum
were removed and then clarified with Deola water. The juice
was evaporated till the striking point. The concentrated
semisolid mass was cooled and poured on the mould to get
jaggery cubes. Jaggery samples were analyzed for various
physico-chemical characters following standard procedures
(Spencer and Meade 1945). Pol percent Jaggery was
determined by the single polarization using dry sub acetate of
lead. A sample of 65 g jaggery was taken and mixed with 500
ml of water to make homogeneous solution and then the brix
analysis was done. An aliquot 100 ml of solution was taken
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Table1 Yieldand quality parameters of jaggery obtained fromten elite varieties of sugarcane (Mean of threeyears, 2011-12 to

2013-14)

S. Varieties Caneyield Jaggery  Jaggery% Jaggery%  Pol%in  Purity% in  Invert  Color
N. mt/ha yield mt/ha  in Juice in cane Jaggery Jaggery  sugar %
1 *‘CoS767'(Std) 74.48 8.18 20.36 11.30 824 86.25 3.94 119
2 ‘CoS95255’(Std) 79.45 8.93 20.48 11.23 82.5 87.95 3.69 99
3 ‘CoS 98259 76.50 9.12 20.53 12.06 82.4 87.32 4,14 98
4 ‘CoS 07250’ 81.94 9.42 20.32 11.39 82.2 86.20 3.95 121
5 ‘CoS08272° 77.25 9.46 20.72 12.25 83.2 88.42 3.64 92
6 ‘CoS08279 87.38 10.22 20.42 11.70 82.6 87.61 3.73 102
7 ‘CoSe01424’ 79.63 8.47 19.37 10.70 7.7 84.12 4.60 135
8 ‘CoSe01434 83.73 9.89 20.66 11.82 82.6 86.78 3.98 98
9 ‘CoSe 03234’ 73.84 8.75 20.61 11.86 82.8 87.31 3.68 123
10 ‘CoSe 96436’ 74.70 7.65 19.09 10.32 78.2 84.61 471 120

Cv= 2.36 5.31 5.46 4.83 0.94 0.95 4.78 571

SE= 151 0.14 0.91 0.46 0.62 0.66 0.15 5.25

CD= 3.17 0.29 NS 0.96 1.30 1.38 0.32 11.02

and 2.0 g of lead sub acetate was added. The solution was
mixed well by shaking and filtered. The filtered solution was
then polarized in a 200 mm pole tube and reading was taken
by a sophisticated polarimeter “Autopol Rudolph”. Double
of pol reading gave the pol percent jaggery. Purity was
calculated using the following formula.
Pol %x100

Brix of Jaggery

Invert sugar percent was determined by procedure of Chen
(1985). Filtered solution of jiggery, prepared as explained
above, was titrated against 5 ml each of Fehling solutions A
and B. Methylene blue was used as an indicator. Invert sugar
was calculated with the help of Fehling constant. Colour was
estimated in Jaggery solution (1/4 normal solution) with Klett
Summerson photoel ectric colorimeter at 470 nm using green
filter.

Purity % =

RESULTSAND DISCUSSION

Pooled data on quality and quantity parameters of jaggery
obtained from different sugarcane varieties are presented in
Table 1. The data revealed that sugarcane variety ‘CoS 08272’
(20.72) gave the highest Jaggery percent in juice followed by
‘CoSe 01434 (20.66), ‘CoSe 03234’ (20.61) and ‘CoS 98259’
(20.53). The Jaggery percent in cane was also found to be the
highest in variety ‘CoS 08272 (12.25) followed by ‘CoS
98259’ (12.06), ‘CoSe 03234’ (11.86) and ‘CoSe 01434’
(11.82). Variety ‘CoS 08279’ recorded highest Jaggery yield
(10.22 mt/ha) followed by ‘CoSe 01434’ (9.89 mt/ha), ‘CoS
08272’ (9.46 mt/ha), ‘CoS 07250’ (9.42 mt/ha) and ‘CoS
98259’ (9.12 mt/ha). Among the tested varieties, ‘CoS 8279’
(87.38 mt/ha) gave the highest cane yield followed by ‘CoSe
01434’ (83.73 mt/ha) and ‘CoS 07250" (81.94 mt/ha).
Marginally lower jaggery yield was recorded in ‘CoS 08272’
possibly due to lower caneyield in this variety as compared
to ‘CoS 08279’ and “‘CoS 01434’. All the varieties, except

‘CoSe 96436°, were found superior to the standards (‘CoS
767’ and ‘CoS 95255”) in jaggery yield.

As far as the quality is concerned, the highest sucrose
content in jaggery was noticed in ‘CoS 08272’ (83.2) that was
on par with ‘CoSe 03234’ (82.8), ‘CoSe 01434’ (82.6) and
‘CoS 08279’ (82.6) and also superior to the standards. Similar
varietal variations were reported by other workers (Pandian,
1988; Lognathan, et al. 1998). Likewise, the purity of jaggery
was recorded to be 88.42 percent in ‘CoS 08272’ followed by
‘CoS 08279’ (87.61), ‘CoS 98259’ (87.32) and ‘CoS 03234’
(87.31). Similar varietal variation was also observed by other
investigators (Vasudha, 1986; Pandian, 1988; Patil et al.,
1994). Observations on invert sugar revealed that varieties
‘CoS 08272’ (3.64), ‘CoS 08279’ (3.73) and ‘CoSe 03234’
(3.68) had lower percentage of reducing sugar than other
varieties tested, the minimum being in variety ‘CoS 08272’.
Almost the same variation due to varieties has also been
demongtrated by Pandian (1988). Val ue of jaggery colour was
minimum (92) in variety ‘CoS 08272 followed by ‘CoSe
01434’ (98), ‘CoS 98259’ (98) and ‘CoS 08279’ (102). The
jaggery obtained from CoS 08272 was golden in colour and
highly crystalline in texture while other varieties gave light
golden to yellow golden jaggery that were highly to medium
crystalline in texture. Light colored Jaggery is generally
preferred to dark colored Jaggery for eating. Texture is also
animportant factor that determinesthe quality of Jaggery. The
grading of jaggery is mainly based on the colour and texture
(Khare, 1939). On the basis of observations recorded in the
present study, varieties ‘CoS 08272’, ‘CoSe 01434’, ‘CoS
08279’ and ‘CoS 98259’found suitable for production of

quality jaggery.
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Articles on original Research completed, not exceeding 4000 words (up to 15 typed pages, including references,
tables, etc).The article should present a connected picture of the investigation and should not be split into parts.

Short Research Notes, not more than 1300 words (maximum 5 typed pages) dealing with completed research
results which do not warrant comprehensive treatment; and short descriptions of new materials, equipments, etc
along with supporting data are also accepted.

Relevant, critical and comprehensive Research Review Articles can also be accepted but in general such articles
are invited from eminent scientists.

Research articles submitted for publication should have direct relevance with the sugarcane, sugar and other sugar
producing crops and technologies.

The author should indicate the period (years) of conducting the experiment and the article should be submitted
immediately after the completion of the experiment.

Title should be short, specific and informative. It should be phrased to identify the content of the article and include
the nature of the study along with the specific technical approach.

A Short Title not exceeding 35 letters should also be provided for running headlines.

The By-line should contain, in addition to the names and initials of the authors, the place (organization) where
research was conducted. Details of addresses can be given as footnote.

Abstract, written in complete sentences, should have maximum 150 words. It should contain a very brief account
of the materials, methods, results, discussion and conclusion. It should not include any references.

Introduction part should be brief and limited to the statement of the problem or the aim of the experiment. Key
words should be given before the introduction.

Relevant details should be given in Materials and M ethods section including the experimental design and techniques
used. Units of measurement, symbols and standard abbreviations should conform to those recommended by the
International Union of Bio-Chemistry (IUB) and the International Union of Pure and Applied Chemistry (IUPAC).
Metric measurements are preferred, and dosages should be expressed entirely in metric units (Sl units).

The Results and Discussion should be combined to avoid repetitions. Results should be presented in tabular form
and graphs when feasible but not both. The colour figures and plates, are printed when information would be lost
if reproduced in black and white. Mean result with the relevant standard errors should be presented rather than
detailed data. The data should be so arranged that the tables would fit in the normal layout of the page. Self-
explanatory tables should be typed on separate sheets and carry appropriate titles. The tabular matter should not
exceed 20% of the text. Any abbreviation used in atable must be defined in that table. Use Arabic numerals with
abbreviated units of measure: 2 g, 5 d, $4.00, 3% and numerical designationsin the text: exp 1, group 3, €tc.

Author is required to submit high-resolution images. A number of different file formats are acceptable Portable
Document Format (PDF).

Authors must obtain permission to reproduce any copyright material, and include an acknowledgement of the
source in their Article.

The conclusion should be brief and relevant normally not exceeding one typed page.

Reference citations in the text are typed as follows: Pandey (1991) or (Pandey 1991); Srivastava et al. (2004) or
(Srivastava et al. 2004); Tiwari and Singh (2007) or (Tiwari and Singh 2007). Groups of references cited in a
sentence in the text must be listed in chronological order as in the previous sentence. References lists should be
typed in aphabetical order. The reference list should be first sorted alphabetically by author(s) and secondly
chronologically.
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