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The impact of change in salinity during different seasons in coastal saline soils of the

Sundarbans, West Bengal (20o 15’N and 80o 40’E), India on PCR-RFLP of nifH gene pool was

studied. PCR-RFLP of nifH gene pool was carried out by digestion of nifH amplicon from

community DNA with HaeIII. Soils were collected during monsoon, winter and summer seasons

of 2011-2012 from four different mono-cropped rice plots having variable salinity. Seasonal

change in salinity was prominent and it detrimentally influenced the nifH gene pool both within

the soil as well as the season. Temporal change in nifH composition maximally influenced

dinitrogen fixation in soil as revealed by canonical correlation analysis (CCA). Dendogram

generated from the RFLP pattern of nifH gene pool showed that community structure during

monsoon was distinctly different from that of winter and summer. Pattern of the later two seasons

belonged to the same cluster.

(Key words: Coastal soil, nifH, soil DNA, PCR-RFLP, HaeIII)

Plethora of reports is available on ecology of

free-living diazotrophs in non problematic soil but

scarcely in problematic soils in general and coastal

saline soil in particular. Since saline habitats are

nitrogen poor (Sprent and Sprent, 1990), biological

nitrogen fixation can dramatically increase the crop

production. Ecology of diazotrophic microbial

communities in coastal saline soils warrants

thorough investigation.

Salinity in coastal region is temporal in nature

(Tripathi et al., 2007). Microbial biomass in such

soils varies with change in salinity in different

seasons (Tripathi et al., 2006). Barua et al. (2011)

also observed that non-symbiotic diazotrophs in

coastal saline soils also change with seasonal

change in salinity. Microbial biomass represents

whole undifferentiated microbial community in soil.

Traditional enumeration of microorganisms in soils

represents a fraction of total microbial population

(Rondon et al., 2000). For better resolution of

diazotrophic community structure in soil, Widmer

et al. (1999) adopted PCR-RFLP of nifH gene. Currently

the nifH database constitutes one of the largest gene

database (Zehr et al., 2003), with little information

from saline soils (Chelius and Lepo 1999).

We hypothesized that PCR-RFLP of nifH gene

could detect change in diazotrophic community

structure with change in salinity. We herein studied:

(1) change in nifH community structure in arable

soils of variable salinity level in three different

seasons by PCR-RFLP technique; (2) correlation of

diversity index with selected physico-chemical and

microbiological properties of soils; (3) determining

the factor that maximally affects nitrogen fixation

in soil; (4) clustering of nifH gene pool in different

soils under study.

MATERIALS AND METHODS

Study site and soil sampling

Soils (0-15 cm) in triplicate, from each of four

different mono cropped rice (Oryza sativa) plots

having variable salinity were collected from ICAR-

CSSRI, RRS, Canning Town (20o 15’ N and 80o 40’ E),

West Bengal, India during summer, monsoon and

winter seasons of 2011-2012. The soils of the

experimental farm were fine, mixed, hyperthermic,

Typic Endoaquepts (Soil Survey Staff, 1992;

Bandyopadhyay et al., 2003). The field moist soils

were divided into two parts. With one part soil DNA

analysis was carried out and with the other part

physico-chemical properties of soil was determined.

DNA analysis was carried out with pooled samples

from each plot (Uroz et al., 2010).

Determinat ion of  d iazotrophic  populat ion,

d in i t rogen f ixat ion and physico-chemical

properties of soil

Aerobic heterotrophic non symbiotic

diazotrophic population count were determined by
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soil dilution plate technique using mineral salt yeast

extract agar media. The same media was used for

determining dinitogen fixation of soil (Barua et al.,

2011). The pH (1:2.5 soil  water),  electrical

conductivity of the soil saturation extract (EC
e
), total

organic carbon (OC) and total nitrogen (TN) of the

soils was determined by the standard methods.

Extraction and purif ication of DNA from soil

samples

DNA was isolated according to Tsai and Olson

(1992), with slight modification. Briefly, 5 g soil

samples were mixed with 13.5 ml of DNA extraction

buffer (100 mM Phosphate Buffer [pH 5.6], 100 mM

sodium EDTA [pH 8.0], 1.5 M NaCl and 1% CTAB)

and 100 µl of Lysozyme (10 mg ml-1) in Oakridge

tubes by horizontal shaking at 225 rpm for 30 min

at 37oC. After adding 1.5 ml of 20% SDS, the samples

were incubated in 65oC water bath for 2 h with gentle

end-over-end inversions every 15 to 20 min. The

supernatants were collected in 50 ml oakridge tubes

after centrifugation at 6,000 g for 10 min at room

temperature, mixed with an equal volume of phenol-

chloroform-isoamyl alcohol (25:24:1, vol/vol; pH

7.2), followed by centrifugation at 10,000 g for 10

min. The aqueous phase was collected and mixed

with its half-volume of polyethylene glycol (30% w/v)/

NaCl (1.6 M), and incubated at room temperature

for 2 h. The sample was centrifuged (10000 g for 20

min) and the partially purified nucleic acid pellet

was resuspended in 0.5 ml of TE (10 mMTris-HCl, 1

mM sodium EDTA, pH 8.0). DNA was re-precipitated

with 0.6 volume of isopropanol at room temperature

for 1h. The pellet of crude nucleic acids was obtained

by centrifugation at 16,000 g for 20 min at room

temperature, washed with cold 70% ethanol, and

resupended in 50µl of TE buffer (pH 8.0). DNA

samples were washed using Himedia Gel Extraction

Kit (MB511) using manufacturer’s protocol, to

reduce the humic acid content of the isolated DNA.

The isolated DNA, were quantified both

spectroscopically and on Agarose gel, stained with 1

µg ml-1 Ethidium Bromide. Spectroscopic estimation

of DNA both before and after column purification was

also carried out by determining absorption of the

samples at 230 and 260nm. The DNA samples were

concentrated by sodium acetate-ehanol precipitation

for better detection of nifH gene pool.

PCR amplification of the nifH gene fragment

PCR amplification of nifH gene fragment in soil

DNA samples was carried out by degenerate nifH

specific forward primer, PolF (5’-TGCGAYCCSAA

RGCBGACTC-3’)  and reverse primer, PolR

(5’-ATSGCCATCATYTCRCCGGA-3’)  based on

Azotobacter vinelandii nifH  coding sequence

[M20568] to generate a 360bp region (Poly et al.,

2001a,b). 100ng soil DNA was used as a template.

The PCR mix consisted of dNTPs at 200mM each,

0.25µM of each primer, 2.5mM MgCl
2
, 1x PCR buffer

and 2U of Taq DNA polymerase (Promega, USA). The

cycling conditions were: 94oC for 3min, followed by

29 cycles of 94oC for 30s, 55oC for 30s and 72oC for

30s, and a ûnal extension step at 72oC for 5min

before the samples were maintained at 4oC. The PCR

products were run in 1% agarose gel stained with

ethidium bromide.

RFLP analyses of nifH amplicons from soil

Precipitation of the PCR products was carried

out by sodium-acetate and ethanol. The pellet was

resuspended in 20µl of nuclease free water. RFLP

was carried out by the method of Poly et al. (2001a).

10 µL of each PCR product was directly used for

restriction enzyme cleavage. The reaction enzyme

mixture contained 1X restriction enzyme buffer and

1.25 U of any one of the three different restriction

endonuclese (TaqI, HaeIII, and NdeII). HaeIII was

found to give most satisfactory result. The PCR

products were digested overnight. Digested DNA

samples were analyzed by electrophoresis in a

ethidium bromide stained 2% agarose gel. The

electrophoresis conditions were 1h at 70 V in 0.5X

Tris-borate-EDTA buffer.

Statistical Analyses

Analysis of variance was carried out by

completely randomized design (CRD), assigning soil

and season as factors. The least significant (LSD)

difference test was applied to evaluate the

significance of difference between individual

treatments using Duncan Multiple Range Test at

5% probability level.

Relatedness of microbial communities was

determined using similarity coefficients of bands

common to two samples. Our working definition was

that two bands are common if they migrated the

same distance on a gel. First, the total number of

different bands was determined for the samples

being compared. Then each sample was scored

based on the presence or absence of each band in

its profile when compared to the profile of each of

the other samples. Sorensen’s index of similarity

[Cs = 2j/ (a + b)] was used to make pair wise

calculations of band sharing between samples

(Sørensen 1948). In the equation, a is the number

2 Barua et al. 33(1)



of bands in Sample A, b is the number of bands in

Sample B, and j is the number of bands common to

A and B. Canonical correspondence analysis (CCA)

was used to analyze the degree of effect of different

physicochemical and microbiological parameters on

nitrogen fixation in soils. CCA calculations were

done with the XLSTAT 2008.4.01software package

(Addinsoft, NY, USA).

Clustering of nifH gene regions for pairs of

samples was estimated from the proportion of

common restriction fragments. Presence-absence

matrices were used to construct a dendogram with

cluster analysis based on Euclidean distances and

Ward clustering according to Blackwood et al.

(2003).

RESULT AND DISCUSSION

Physicochemical and microbiological properties

properties of soil

Data on physico-chemical properties of the

studied soils (Table 1) revealed that the soil salinity

change significantly in different season with the

highest salinity during summer (14.74 dS m-1)

followed by winter (10.35 dS m-1) and monsoon (4.09

dS m-1). Averaged over season the soil could be

ranked as low (S1), medium (S2) and high (S3, S4)

saline. Other studied parameters did not vary

distinctly either in the season or in the soils. Coastal

soils have distinct variabil ity in salinity

(Bandyopadhya et al., 2003). The critical value of

ECe for saline soils according to the classification

of USDA (1954) is 4.0 dS m-1. Thus, out of four soils

under study, two were distinctly saline. Soil salinity

is seldom constant with time or uniform in space in

the area under the study. The fluctuating trends in

soil salinity in this coastal area were also reported

by Bandyopadhya et al. (1982). There exists a

brackish ground water table at shallow depth in the

coastal region, the water from the same moves

upward to soil surface through capillary flow

following evaporation loss of moisture from soil

surface during dry seasons (winter and summer).

As a result the salts get deposited in the surface of

soil and the soil salinity increases. However, in a

study conducted on coastal arable soils of Canning

Town, West Bengal, India, no significant variation

in average soil pH between the seasons but

significant variation of soil pH between different

sites, similar to our findings was previously reported

(Bandyopadhya et al., 2003).

The diazotrophic population varied during

different periods of sampling, with the counts

observed in the winter (6.89) and the monsoon (6.93)

seasons were much higher than that observed in

the summer (5.09) season (Table 1). Considerable

variation in their diazotrophic populations between

different sites were also evident. S3 had the highest

diazotrophic population (5.86) followed by S2 (5.55),

S1 (5.47), and S4 (4.61). Soils also varied

significantly with respect to nitrogen fixation

between sites as well as seasons (Table 1). Highest

fixation was observed in monsoon (9.48) followed

by winter (7.48) and least in summer (5.24). As per

Tripathi et al., (2007), salinity severely affects

microbial biomass in coastal saline soils with

significantly lowest biomass in summer. Present

study also demonstrates a subpopulation of the total

biomass, i.e. diazotrophs, are strongly affected

similarly. Significant decrease in the diazotrophic

count during summer corresponded to rise in salinity

and depletion of available soil moisture (Iswaran and

Table 1. Seasonal dynamics of physico-chemical properties, nitrogen fixing

population and nitrogen fixation of studied soils

Season pH ECe Organic Total Population Nitrogen fixation

1:2.5 (dS m-1) carbon nitrogen (log colony (mg nitrogen fixed

(g kg-1) (g kg-1) forming unit) 50ml-1 culture media)

Monsoon 6.25 a 3.63 c 8.86 b 0.72 b 6.93 a 9.48 a

Winter 6.29 a 12.85 b 9.22 a 0.76 a 6.89 a 7.48 b

Summer 6.25 a 13.46 a 8.46 c 0.70 c 5.09 b 5.24 c

Soil code

S1 7.08 a 2.02 d 12.05 a 0.94 a 5.47 b 4.52 a

S2 5.67 c 3.89 c 8.81 c 0.8 b 5.55 b 3.76 b

S3 6.65 b 14.45 b 4.68 d 0.44 c 5.86 a 3.77 b

S4 5.66 c 19.58 a 9.86 b 0.78 b 4.61 c 2.74 c

Figures denoted by same alphabets are statistically similar at 5 % probability level by DMRT

33(1) Nitrogen fixation in coastal saline soils 3



Sen,1958; El-Shinnawi and Frankenberger, 1988).

The soils, collected from different sites, showed

considerable variation in their diazotrophic

populations. These variations seemed to be related

to the physico-chemical characteristics of soils, the

inherent type and diversity of microorganisms

occurring in these soils (Broadbent and Nakashima,

1971; Laura 1974; El-Shinnawi and Seifert,1975).

It was interesting to note that inspite of rise in

salinity to the peak in summer, the soils supported

considerable diazotrophic populations. This

indicated that certain nitrogen-fixing micro-

organisms are highly adapted to the environment

(Zahran, 1997) of the soils were basically salt

tolerant, requiring certain amount of salts for their

optimal growth.

Extraction of DNA from soil

Culture based techniques are known for their

selectivity and are not considered representative of

the extent of the bacterial community. The

proportion of cells which can be cultured is

estimated to be 0.1% or at most 10% of the total

population (Amann et al., 1995) and few data are

available concerning how closely they reûect the

actual composition of these communities. Recent

advances in the field of molecular biology (extraction

of nucleic acids, polymerase chain reaction (PCR)

ampliûcation, DNA cloning, DNA sequencing) have

made it possible to develop techniques which no

longer require the isolation and culture of bacteria

and thus reduce the bias associated with it (Ranjard

et al., 2000).

Spectroscopic examinations herein revealed

that DNA extracted from 5g soils in different seasons

varied from 0.3-0.72 mg g-1, which on purification

yielded 0.24-0.61 mg g-1. Extracted DNA from saline

soil was less than those isolated from normal soils

(Yeates et al., 1997). The A
260

/A
230

 ratio (Yeates et al.,

1998) of the DNA samples ranged from 2.2-2.9 (data

not shown) indicating the samples were suitable for

PCR analysis.

The primary requirement for culture

independent study of bacterial community in soil is

isolation of bulk DNA directly from soil. Different

authors obtained different amounts of DNA from

different quantity of soils. Steffan et al., 1988

obtained 9 µg DNA g-1 soil from 100g soil while from

the same amount of soil Yeates et al., 1997 recovered

15 to 23.5 µg g-1 soil. The recoveries relates to

normal arable soils, while our soils were saline,

which possibly resulted in lesser recovery of DNA

due to lesser number of microbes in such soils. In

our study, the quantity of DNA extracted varied with

the soils as well as the season, which could be

related to change in various physico-chemical

parameters between soils as well as between

seasons. This could be explained by significant

negative co-relation between EC
e
 of the soils and

amount of DNA extracted from the respective soils.

Humic acid is a potential inhibitor of PCR

amplification of soil DNA, it chelates out Mg2+ ion

necessary for the activity of Taq polymerase (Tsai

and Olson, 1992). Hence, for successful PCR

amplification, it seems mandatory to remove humic

substances from the DNA samples as much as

possible.

PCR amplification of the nifH gene fragment and

RFLP analysis

Enumeration of dinitrogen fixing populations

represents a fraction of total microbial population

in soil (Sekiguchi, 2006) and fails to throw light on

diversity of diazotrophic population in soil.

Diazotrophic populations herein were determined

by culture based technique, which eliminated

unculturable diazotrophs. Nitrogen fixation in soil

is contributed by both culturable and unculturable

diazotrophs. Hence significant positive correlation

between nitrogen fixation, but no significant

correlation between culturable diazotrophic population

count in particular soil and the quantity of DNA

extracted from the respective soil was observed.

Amplification of all the DNA samples yielded

single product bands of 360 bp at the expected nifH

gene fragment size (Fig. 1). RFLP pattern of HaeIII

digested nifH amplicons is shown in Fig. 2. Smearing

appearance of all the samples was due to degeneracy

of nifH primers. RFLP pattern distinctly

demonstrated difference in nifH composition in soils

collected in different seasons. A decrease in the

number of dominant diazotrophic bacterial types,

detectable by nifH PCR-RFLP patterns, was observed

from monsoon to summer with a consistent

presence of few bands in all the seasons. Soil

samples collected in monsoon exhibited more nifH

PCR-RFLP products compared to the other two

seasons.

Based on the presence and absence of bands

in each sample, Sorenson’s similarity coefficients

(Cs) were determined from the RFLP profiles

generated (Table 2). A value of 1.0 indicates all

bands are shared and 0.0 indicates no bands are in

common.

4 Barua et al. 33(1)



Averaged over four sites, no significant variation

in mean Cs was observed between monsoon (0.52)

and winter (0.49) but significantly lesser value was

observed in summer (0.42). Irrespective of seasons,

S1 and S2 soils exhibited statistically similar Cs value,

which significantly decreased in S3 and S4 soils.

Linerar correlation coefficients between of nifH in

soil and different physic-chemical and microbiological

properties revealed (-0.833**) that only EC
e

exhibited significant negative correlation. Nitrogen-

fixing bacteria have nif genes, essential for N
2
-

fixation. Molecular approaches that study the

diversity of diazotrophic organisms are primarily

based on PCR amplification of a marker gene for N
2

fixation, which is generally the nifH gene (Zehr and

Capone, 1996). Changes in the structure of nifH

gene pools may affect nitrogen fixing activity in soil.

PCR-RFLP technique was also efficiently used to

study variation in nifH gene pool in soil and litter at

a forest site (Widmer et al., 1999). PCR-RFLP of nifH

gene has been used to compare the community

structure of N
2
-fixing bacteria from different soil

sources (Chelius and Lepo, 2010; Singh et al., 2010).

Sorensen similarity index (C
s
)  has been

efficiently used to determine microbial community

level composition as well as distribution of

functional genes by analyzing various community

level fingerprints like PCR-RFLP (Kaldorf et al.,

2004), DGGE (Nakatsu et al., 2000) and T-RFLP

(Smalla et al., 2007). This is an unique attempt to

analyse seasonal variation of nifH composition in

saline soils by comparing PCR-RFLP patterns of nifH

of total soil DNA and analyzing it by Sorensen

similarity index. Use of Cs is probably for the first

time demonstrated by us for elucidating nifH

variation in coastal soil. Decrease in Cs of the nifH

gene types with increase in salinity clearly

demonstrated that salinity not only affects the

number of diazotrophs (Barua et al., 2011), but also

their types. However, for more precise analysis and

to determine the effect of various parameters on

nitrogen fixation in soils, canonical correspondence

analysis (CCA) was carried out.

Canonical correspondence analysis (CCA)

Canonical correspondence analysis (CCA) was

carried out using nitrogen fixation in soils together

with environmental and microbiological variables.

The first ordination CCA axis was mainly correlated

to Mean Cs and EC
e
 of the studied soils and

described a 36.97% of the total variability in nitrogen

fixation in soil. The second CCA ordination axis,

described 35.74% of the variability (Table 3). The

unexplained fraction due to unknown factors sums

up to 23.12% of the total variation. CCA1 and CCA2

were found to explain 80.23 and 97.60% of the

overall variance, respectively, indicating a strong

gradient in the data set. CCA biplot was shown in

Fig. 3. An arrow represents each analysed variable;

the length of the individual arrow indicates how

much variance is explained by that particular

Fig. 2. Lane 2-5, 7-10 and 12-15 represented Hae III digested

product of nifH PolF/PolR amplified DNA extracted from different

soils of variable salinity level in different seasons. S1 Monsoon

(S1M), S2 Monsoon (S2M), S3 Monsoon (S3M), S4 Monsoon

(S4M), S1 Winter (S1W), S2 Winter (S2W), S3 Winter (S3W),

S4 Winter (S4W), S1 Summer (S1S), S2 Summer (S2S), S3

Summer (S3S), S4 Summer (S4S), Lane 16 nifH of Azotobacter

vinelandii (MTCC 2460). Lane 1 and Lane 17: 100 bp marker.

Fig. 1. nifH (PolF/PolR) amplicon of DNA isolated from different

soils of variable salinity in different seasons. S1 Monsoon

(S1M), S2 Monsoon (S2M), S3 Monsoon (S3M), S4 Monsoon

(S4M), S1 Winter (S1W), S2 Winter (S2W), S3 Winter (S3W),

S4 Winter (S4W), S1 Summer (S1S), S2 Summer (S2S),

S3 Summer (S3S), S4 Summer (S4S), Lane 13 positive

control (DNA from Azotobacter vinelandii used as template),

Lane 14: negative control, Lane 15: 100 marker DNA.

33(1) Nitrogen fixation in coastal saline soils 5



variable. The projection of nitrogen fixation in a

particular soil in a particular season on this axis

indicated the level of the variable where the fixation

is most abundant. It was revealed that magnitude

of the effects are in the order of Mean Cs > ECe >

Organic carbon > Total nitrogen content > pH >

diazotrophic population count of the soils.

Although a considerable amount is known

about how environmental variables affects nitrogen

ûxation rates in saline ecosystems (Whiting and

Morris, 1986; Holguin et al., 2001; Serraj and

Gyamfi, 2004), little is known about the relationship

between environmental parameters and the

structure of nitrogen-ûxing bacterial communities

in such ecosystems. Multivariate techniques, such

as principal component analysis (PCA) (Poly et al.,

2001a) and canonical correspondence analysis

(CCA) (Zhang et al., 2008) have been proven to be

effective in detecting the relationship between

nitogen nifH community composition and

environmental parameters. In this study, seasonal

variation in nitrogen fixation was compared by CCA

with Sorensen similarity index (Cs) of nifH,

diazotrophic population count and selected physico-

chemical properties of each soils under study.

Previously, it has been reported that changes in the

Table 2. Similarity coefficient (Cs) of nifH gene in coastal soils of

variable salinity level collected in different seasons

Soil S1M* S1W S1S S2M S2W S2S S3M S3W S3S S4M S4W S4S

Samples

S1M 1 0.92 0.73 0.83 0.55 0.55 0.55 0.4 0.4 0.6 0.44 0.22

S1W 0.92 1 0.6 0.8 0.6 0.4 0.6 0.44 0.44 0.67 0.25 0.25

S1S 0.73 0.6 1 0.33 0.75 0.5 0.5 0.57 0 0.29 0.57 0.33

S2M 0.83 0.8 0.33 1 0.67 0.22 0.72 0.5 0.25 0.75 0.29 0.29

S2W 0.55 0.6 0.75 0.67 1 0.5 0.25 0.37 0.57 0.57 0.33 0.33

S2S 0.55 0.4 0.5 0.22 0.5 1 0.4 0.57 0.56 0 0.67 0.33

S3M 0.55 0.6 0.5 0.72 0.25 0.4 1 0.57 0.29 0.86 0 0.33

S3W 0.4 0.44 0.57 0.5 0.37 0.57 0.57 1 0.33 0.67 0 0

S3S 0.4 0.44 0 0.25 0.57 0.86 0.29 0.33 1 0 0.8 0.4

S4M 0.6 0.67 0.29 0.75 0.57 0 0.56 0.33 0 1 0 0

S4W 0.22 0.25 0.57 0.29 0.33 0.33 0 0 0.4 0 1 0

S4S 0.44 0.25 0.33 0.29 0.33 0.67 0.33 0 0.8 0 0 1

Mean Cs 0.59 0.58 0.51 0.55 0.54 0.5 0.48 0.42 0.42 0.45 0.36 0.29

Mean Cs of S1 S2 S3 S4

sites 0.57 a** 0.53a 0.44b 0.37c

Mean Cs of Monsoon Winter Summer

seasons 0.52a 0.49b 0.42c

**Figures denoted by same alphabets are statistically similar at 5% probability level by DMRT

*S1 Monsoon (S1M), S2 Monsoon (S2M), S3 Monsoon (S3M), S4 Monsoon (S4M), S1 Winter (S1W), S2 Winter (S2W), S3 Winter

(S3W), S4 Winter (S4W), S1 Summer (S1S), S2 Summer (S2S), S3 Summer (S3S), S4 Summer (S4S)

Table 3. Relationships between CCA ordination axes and various

physico-chemical parameters of soils under study

Variable F1 F2

Mean Cs 1.326 1.693

ECe -0.674 1.890

pH 0.462 0.190

Organic carbon -0.505 -0.104

Total nitrogen 0.191 0.721

Diazotrophic population count 0.019 -0.027

Cumulative % of total variation 36.97 54.56

The factors most strongly correlated with each axis are shown in bold type.
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structure of nifH gene pools may affect nitrogen

fixing activity and the variation in N
2
 fixation

presumably results from the induction/inhibition

of the nitrogenase and/or variation in the number

of efficient N
2
-fixing bacteria (Poly et al., 2002).

Among the parameters analyzed, Cs of nifH affected

nitrogen fixation maximally while the effect of

diazotrophic population count was found to be

minimum, which signifies the importance of nifH

richness in soil.

Among the soil physic-chemical factors, ECe, a

major indicator of soil salinity, varied significantly

between seasons, thereby maximally affecting

temporal change of dinitrogen fixation in studied

soils, which corroborated with previous findings

(El-Shinnawi and Frankenberger, 1988). pH of the

soils remained significantly same between different

seasons, minimally affected dinitrogen fixation in

soil under study.

Cluster analysis of nifH

Dendograms constructed out of environmental

nifH restriction patterns have been efficiently used

to determine the similarity and/or variation in nifH

composition between different soil samples (Poly

et al., 2002; Singh et al., 2010). In this study, nifH

RFLP complexity is represented in a dendrogram of

distance between the 12 soil samples collected over

the seasons (Fig. 4). The clustering patterns clearly

indicated the existence of two clusters, one

containing patterns obtained by RFLP of nifH in soils

in the monsoon season and the other one

encompassing the summer and winter seasons.

Based on the dendogram, it could be inferred that

the diazotrophic community structure in the studied

soils during monsoon is different from those in

summer and winter.

Fig. 3. Canonical correspondence analysis (CCA) ordination

diagram of dinitrogen fixation in soil with Sorenson similarity

index, physico-chemical factors and diazotrophic population

count as arrows and nitrogen fixation at different sites in

different seasons

Fig. 4. Dendrogram deduced from the comparison of nifH-

PCR-RFLP profiles generated from samples of DNA

extracted from soils under study. S1 Monsoon (S1M),

S2 Monsoon (S2M), S3 Monsoon (S3M), S4 Monsoon (S4M),

S1 Winter (S1W), S2 Winter (S2W), S3 Winter (S3W),

S4 Winter (S4W), S1Summer (S1S), S2 Summer (S2S),

S3 Summer (S3S), S4 Summer (S4S)

33(1) Nitrogen fixation in coastal saline soils 7



Considering the dendogram generated in this

study, it could be inferred that the abundant

diazotrophic population in monsoon in all the soils

under study might be different from that in summer

or winter. This seems to be related to higher salinity

of soil in winter and summer than that of monsoon.

CONCLUSION

The present study is a sequence independent

approach for studying the comparative alteration of

nifH composition in saline soils in different seasons.

The structure of the nifH gene pool in monsoon was

totally different from winter and summer. Increase in

salinity seems to have detrimental effect on types of

diazotrophs in coastal saline soils.
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Soil salinization is of great concern in the irrigated arid, semiarid and coastal region due to its

threat to sustainable agricultural productivity and thus there is need to closely monitor it. The

measurement of electrical conductivity (EC) in saturated paste extracts (ECe) is the standard

to which other salinity estimation methods are referenced. Since this method is laborious, the

preparation of saturated pastes subject to bias, and salinity estimates by EC subject to chemical

artefact, we evaluated the performance of an EC probe for measuring bulk soil EC. A calibration

curve was developed between bulk soil EC and EC in saturation paste for coastal soils of West

Bengal (r2 = 0.942). The bulk soil EC probe was used to measure the depth-wise soil salinity in

conservation tillage experiment and it was found that no till plot was comparatively more saline

than conventional and reduced tillage treatments. The bulk soil EC probe is a quick, reliable,

easy to take soil measurement for the spatio-temporal characterization of soil salinity.

(Key Words: Conservation tillage, Cotton, Rice, Salinity probe)
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Accurate and precise salinity measurements are

required to sustainably manage land resources

especially with respect to soil quality and agro-

ecosystem productivity. They are particularly

important to soils in the agricultural belts of arid,

semi-arid and coastal regions that are faced with

the threats of salinization (Amakor et al., 2014).

Extensive areas of irrigated land have been and is

increasingly becoming degraded by salinization and

waterlogging resulting from over-irrigation and other

forms of poor agricultural management (Ghassemi,

et al., 1995). The occurrence of salt in rooted soil

impedes the water absorption of plants, causing

drying out despite soil humidity. This in turn leads

to a decrease in crop production. An assessment of

the methods used in quantifying salinity is

paramount to curtail detrimental saline conditions.

Ideally, it would be desirable to know the

concentrations of the individual solutes in the soil

water over the entire range of field water contents

and to obtain this information immediately in the

field (Rhoades, 1993). Practical methods are not

available at present to permit such determinations,

although determinations of total solutes

concentration i.e., salinity can be made most often

based on electrical conductivity measured in

saturated paste extracts (ECe) (Bower and Wilcox,

1965; US Salinity Laboratory, 1954). The ECe is a

dynamic property of the soil and is affected by

properties such as soil  moisture content,

temperature and texture. ECe is currently the

standard and most widely accepted parameter for

estimating soil salinity because it simulates a

naturally occurring state of the soil solution and

can be related to plant response (Khorsandi and

Yazdi, 2011; Maas, 1990; Rhoades et al., 1999; US

Salinity Laboratory, 1954). But the major drawbacks

to using the ECe method include that it is laborious,

time-consuming, subject to analyst error and/or

experience in the preparation of the saturated paste,

and often very costly for performing large-scale field

inventories and monitoring of soil salinity. Salinity

estimates by electrical conductivity also subject to

chemical artefact.

To address particular aspects of these issues,

a more practical and field-based method based on

earth resistivity has proven to be an acceptable

means of measuring and monitoring field-scale

salinity, because measurements can be made in a

non-destructive, inexpensive, and timely manner to

depths below the root zone of crops. Such immediate

determinations are so valuable for salinity diagnosis,

inventorying, monitoring and irrigation management

needs that, in many cases, they replace the need

for soil sampling and laboratory analyses (Corwin

and Lesch, 2005). However, if knowledge of a



particular solute(s) concentration is needed (such

as for soil sodicity or the toxicity of a specific ion

are to be assessed) then either a sample of soil, or

of the soil water, is required to be analysed.

In present study a four probe salinity sensor

was used for measuring in situ bulk soil electrical

conductivity and a calibration curve was developed

using electrical conductivity of saturation paste for

coastal region of West Bengal. The salinity probe

was also used to evaluate the performance of

conservation tillage on soil salinity.

Theory for determination of soil salinity

Soil salinity has been customarily defined and

assessed in terms of laboratory measurement of the

electrical conductivity (EC) of the extract of a

saturated paste of a soil sample (ECe), because

electrical conductivity is a practical index of the total

concentration of ionized solutes in an aqueous

sample. The saturation percentage is the lowest

water/soil ratio suitable for the practical laboratory

extraction of readily dissolvable salts in soils (US

Salinity Laboratory, 1954). Soil salinity can also be

determined from the measurement of the electrical

conductivity of a soil-water sample (ECw). This latter

measurement can be made either in the laboratory

on a collected sample or directly in the field using

in situ, imbibition-type salinity sensors.

Alternatively, salinity can be indirectly

determined from the electrical conductivity of the

bulk soil (ECa). ECa can be measured in the field,

using electrical–type probes (electrodes) placed in

contact with the soil ,  or remotely, using

electromagnetic induction devices. The latter two

sensors are more expensive than those used to

measure the EC of water samples, of soil-extracts

or soil-pastes. However, their use is very cost

effective when one considers large area monitoring

of soil salinity.

Principles of aqueous electrical conductivity

Electrical conductivity is a numerical

expression of the inherent ability of a medium to

carry an electric current. Because the EC of an

aqueous solution is closely related to the total

concentration of dissolved electrolytes (ionic solutes,

essentially Na+, Mg++, Ca++, K+, Cl-, SO
4

=, HCO
3

-,

NO
3

- and CO
3

=) in the solution. It is commonly used

as an expression of the total dissolved salt

concentration of an aqueous sample, even though

it is also affected by the temperature of the sample

and by the mobil ity, valences and relative

concentrations of the individual ions comprising the

solution. Furthermore, not all dissolved solutes exist

as charged species, some combine to form ion pairs,

and some of the ion pairs are neutral and do not

contribute to electrical conductivity.

The determination of EC generally involves the

physical measurement of the resistance, expressed

in ohms, of a material. The current I (in amperes)

flowing in a conductor is directly proportional to

the applied electromotive force E (in volts) and

inversely proportional to the resistance R (in ohms)

of the conductor:

I = E/R

The determination of EC generally involves the

physical measurement of the resistance (R)

expressed in ohms of a material. The resistance of

a conducting material (such as a saline solution) is

inversely proportional to its cross-sectional area (A)

and directly proportional to its length (L). The

magnitude of this resistance measured, therefore

depends on the characteristics (dimensions) of the

conductivity cell used to contain the sample and

the electrodes. Specific resistance (Rs) is the

resistance of a cube of the sample 1 cm on edge.

Practical cells are not of this dimension and measure

only a given fraction of the specific resistance; this

fraction is the cell constant (K = R/Rs).

The reciprocal of resistance is conductance. It

is expressed in reciprocal ohms i.e., mhos. When

the cell  constant is applied, the measured

conductance is converted to specific conductance

(i.e., the reciprocal of the specific resistance) at the

temperature of measurement. Herein, specific

conductance is called electrical conductivity, EC:

EC = 1/Rs = K/R

Electrical conductivity has been customarily

reported in micromhos per centimetre (µmho cm-1),

or in millimhos per centimetre (mmho cm-1). In the

International System of Units (SI), the reciprocal of

the ohm is the siemen (S) and in this system,

electrical conductivity is reported as Siemens per

meter (S m-1) or as decisiemens per meter (dS m-1).

One dS m-1 is equivalent to one millimho cm-1.

Electrical conductivity increases with temperature

at a rate of approximately 1.9%/1oC. Therefore, EC

needs to be expressed at a reference temperature

for purposes of salinity expression; 25oC is most

commonly used in this regard.

The relationship between EC and total solute

concentration and osmotic potential are only

approximate. They are still quite useful, however,

these relationships are as follows: total cation (or

12 Mandal et al. 33(1)



anion) concentration, millimoles charge/ litre ≈

10EC
25

, in dS m-1 total dissolved solids, milligrams/

litre ≈ 640EC
25

, in dS m-1; and osmotic potential,

M Pa at 25oC ≈ 0.4EC
25

, in dS m-1.

Soil Extract Salinity

Aqueous extracts of the soil samples are usually

made in the laboratory for routine soil salinity

diagnosis and characterization purposes. Because

the absolute and relative amounts of the various

solutes are influenced by the water/soil ratio at

which the extract is made (Reitemeier, 1946), the

water/soil ratio used to obtain the extract should

be standardized to obtain results that can be applied

and interpreted generally. Soil salinity is most

generally defined and measures on aqueous extracts

of so-called, saturated soil pastes (U.S. Salinity

Laboratory Staff, 1954). This water content and the

water/soil ratio (the so called saturation percentage)

vary with soil texture but are used not only because

they are the lowest ones for most soils in which

sufficient extract can be practically removed from a

soil sample for the compositional analysis of major

salt constituents, but also because they are related

in a reasonably general and predictable way to soil

water contents and ratios under field conditions.

For these same reasons, crop tolerance to salinity

is also most generally expressed in terms of the

electrical conductivity of the saturation extract (ECe)

(Mass and Hoffman, 1977; Maas, 1986; 1990).

The EC at 25oC (EC
25

)  is estimated by

multiplying the EC measured at temperature t (EC
t
)

by the temperature coefficient (f
t
) as follows;

EC
25

 = EC
t
 × f

t

These coefficients are usually based on sodium

chloride solutions, because their temperature

coefficients closely approximate those of most

surface waters and ground waters. Other extraction

ratios, such as 1:1, 1:5 etc. are easier to use than

that of the saturation paste, but they are less well

related to soil properties and more subject to errors

from peptization, hydrolysis, cation exchange, and

mineral dissolution.

Bulk soil electrical conductivities

This method assumes that the electrical

conductivity of a soil (or a soil paste) containing

dissolved electrolytes (salts) in the soil ‘solution’ can

be represented by conductance via three pathways

(or elements) acting in parallel: (1) conductance

through continuous soil solution pathways (a liquid

element), (2) conductance through alternating layers

of soil particles and the soil solution that envelopes

and separates these particles (a solid-liquid, series

–coupled element), and (3) conductance through or

along the surfaces of soil particles in direct and

continuous contact with one another (a soil

element). Rhodes et al.  (1989) formulated an

electrical conductance model to describe the three

conductance pathways of ECa.

Because of the three pathways of conductance,

the ECa measurement is influenced by several soil

physical and chemical properties: (1) soil salinity,

(2) saturation percentage, (3) water content, and

(4) bulk density. The saturation percentage and bulk

density of soil are both directly influenced by clay

content and organic matter. Furthermore, the

exchange surfaces on clays and organic matter

provide a solid–liquid phase pathway primarily via

exchangeable cations; consequently, clay content

and type, cation exchange capacity (CEC), and

organic matter are recognized as additional factors

influencing ECa measurements. Soil temperature

is another factor influence ECa.

Determining Soil salinity from bulk soil electrical

conductivity

Three types of soil conductivity sensors

presently exist that are capable of measuring bulk

soil electrical conductivity. Two are field proven

portable sensors that are now commercially

available: (1) a four electrode sensor and (2) an

electromagnetic induction sensor. A third sensor

based on time domain reflectometry technology, has

shown good promise and uti l ity in certain

experimental applications.

Soil electrical conductivity can be measured

remotely using electromagnetic (EM) methodology.

A transmitter coil located in one end of the EM

instrument induces circular eddy-current loops in

the soil. The magnitude of these loops is directly

proportional to the electrical conductivity of the soil

in the vicinity of that loop. Each current loop

generates a secondary electromagnetic field that is

proportional to the value of the current flowing

within the loop. A fraction of the secondary induced

electromagnetic field from each loop is intercepted

by the receiver coil and the sum of these signals is

amplified and formed into an output voltage that is

linearly related to depth weighted soil ECa.

The application of EM measurements of ECa in

soil science first appeared in late 1970’s and early

1980’s in efforts to measure soil salinity (de Jong

et al., 1979; Rhoades and Corwin, 1981; Corwin and
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Rhoades, 1982; Williams and Baker, 1982). Many

of the early efforts concentrated on attempts to

measure soil salinity profiles with a series of above-

ground EM measurements (Rhoades and Corwin,

1981; Corwin and Rhoades, 1982; 1984; 1990;

Slavich, 1990). The two most commonly used EM

conductivity meters in soil science and in vadose

zone hydrology are the Geonics EM-31 and EM-38.

The EM-38 has had considerably greater application

for agricultural purposes because the depth of

measurement corresponds roughly to the root zone

(i.e., 1.5 m), when the instrument is placed in the

vertical coil configuration. In the horizontal coil

configuration, the depth of the measurement is

0.75–1.0 m. The depth of measurement of the EM-

31 is approximately 6m.

Time domain reflectometry was initially adapted

for use in measuring volumetric soil moisture (Topp

et al., 1980; Topp and Davis, 1981). The TDR

technique is based on the time for a voltage pulse

to travel down a soil probe and back, which is a

function of the dielectric constant (ε) of the porous

media being measured. Later, Dalton et al. (1984)

demonstrated the utility of TDR to also measure

ECa, based on the attenuation of the applied signal

voltage as it traverses through soil.

Electrical conductivity Probe

Rhodes and Ingvalson (1971) demonstrated that

soil could be assessed in the field from bulk soil

electrical conductivity (ECa) without any soil

sampling and analysis based on measuring electrical

resistivity of soil. They used four equally spaced

electrodes horizontally spanned over the soil area

of interest and inserted a few centimetres into the

soil to determine ECa.

Electrical resistivity methods introduce an

electrical current into the soil through current

electrodes at the soil surface and the difference in

current flow potential is measured at potential

electrodes that are placed in the vicinity of the

current flow. These methods were developed in the

second decade of the 1900s by Conrad

Schlumberger in France and Frank Wenner in the

United States for the evaluation of ground electrical

resistivity (Burger, 1992; Telford et al., 1990).

The electrode configuration is referred to as a

Wenner array when four electrodes are equidistantly

spaced in a straight line at the soil surface with the

two outer electrodes serving as the current or

transmission electrodes and the two inner electrodes

serving as the potential or receiving electrodes

(Corwin and Hendrickx, 2002). After the probe is

inserted into the soil to the depth of interest, an

electrical current I, is induced between the two outer

electrodes, and the potential drop, E, is measured

between the two inner electrodes. The ratio R = E/

I is recorded as a resistance, which can be converted

to soil electrical conductivity with an appropriate

“cell constant”. The cell constant (k) for the probe

was determined by submerging it in a large

fibreglass barrel filled with solutions of the known

EC’s. The depth of penetration of the electrical

current and the volume of measurement increase

as the inter-electrode spacing, a, increases. For a

homogeneous soil, the soil volume measured is

roughly πa3.

MATERIALS AND METHODS

The EC-probe developed by Eijkelkamp was

used to measure the bulk soil EC in this study. The

EC-probe set for soil conductivity measurements

consists of an EC probe and an earth resistivity

meter. The EC probe (Fig. 1) consist of 110 cm long

stainless steel rod (3) with a probe (11) a revolving

upper part with a detachable handle (1). The probe

measures 20 cm. Its diameter is 30 mm at the top

to 28 mm at its base to assure a tight contact with

the wall of the borehole. The probe contains four

ring-shaped electrodes (6, 7, 8, 9) spaces 25 mm

Fig. 1. Electrical Conductivity probe (Power source:6;

Temperature sensor: 10; stainless steel rod: 3; probe:11; a

detachable handle:1; Four ring-shaped electrodes:6, 7, 8, 9;

sealing rings:5; Insulation ring: 4;. Outer electrodes or

current electrodes:6, 9; Inner measuring electrodes:7, 8)
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apart. The electrodes are separated by sealing rings

(5) and insulation ring (4). The outer electrodes (6, 9)

are current electrodes, the inner are measuring

electrodes (7, 8). The EC-probe reads the ECs

directly in the field in the layers of interest,

regardless the moisture level. Measurement of the

soil resistivity using four electrodes is based on the

Wenner-method, applied by Rhoades and van

Schilfgaarde (1976) for the development of an EC-

probe. The power source of the earth resistivity

meter, generates an alternating current between the

two outer current electrodes thereby creating an

electric field. Its strength depends on the strength

of the current and the distance between the four

electrodes. Resistivity of the soil causes decreased

voltage between the current electrodes. The earth

resistivity meter measures a potential difference

between two inner measuring electrodes. The EC

probe establishes the resistivity in an elliptic volume

of soil around the probe. The resistivity is converted

to electrical conduction of the soil (ECs = bulk soil

conductivity) using an empirical constant or cell

constant that is determined by the distance between

and the shape of the electrodes.

Since the EC is susceptible to temperature, the

temperature of the soil is read by the sensor located

in the EC probe’s cone. This enables an adjustment

of the measured resistivity value and EC to a

standard temperature. The resistivity is converted

to electrical conduction of the soil using cell

constant value.

The soil electrical conductivity was calculated

according the formula below:

ECa = K ×f
t
/R

t

where ECa = soil electrical conductivity in mS/cm

or mmho/cm at 25oC.

K: The empirically established constant or cell

constant (cm-1). The cell constant of the ijkelkamp

Agrisearch Equipment EC probe comes to 17.5 cm-1.

f
t
 : Temperature correction factor for converting the

measured ECa to the ECa at 25oC.

R
t
:  Measured resistance at the prevail ing

temperature in ohm.

Electrical conductivities (ECa) measured with

the salinity probe in the field were compared with

saturation extract of soil samples measured in the

laboratory (ECe) in ICAR-Central Soil Salinity

Research Institute (CSSRI), Regional Research

Station, Canning. This study was conducted during

January 2014 at the ICAR-CSSRI, Regional Research

Station, Canning Town (22o15’N, 88o40’E; altitude

3.0 m above MSL), West Bengal. The soil at the site

had a heave texture with 41-47% clay, 18-30% sand,

and 24-34% silt. The pH of the topsoil in the

experimental area varied from 6.7 to 7.8 and an

average bulk density of 1.54 Mg m-3. The soil was

low in organic C (0.46%) and available N (111 kg

ha-1) intermediate in available P (22 kg ha-1) and

high in available K (509 kg ha-1). The experimental

area is monocropped with rice.

The climate is tropical monsoon with an average

annual rainfall of 1802 mm, of which about 89%

occurs during the monsoon season (June–October)

and with very limited rainfall during the rest of the

year.

Initially soil sampling sites were wetted near

saturation and kept it for two days. Two days after

the impounded waters has infiltrated into the soils

when the soils had drained to about field capacity

access holes were made to a 90 cm depth with an

auger. The salinity probe was inserted and the soil

resistance measured, from which the soil ECa was

calculated. Soil was samples at each 30 cm depth

up to 90 cm immediately surrounding the hole with

a barrel soil auger. The ECe of the saturation paste

of this soil  samples was determined in the

laboratory.

A saturated soil paste was prepared by adding

distilled water to a sample of air –dry soil (200-400

g) while stirring and then allowing the mixture to

stand for several hours to permit the soil to imbibe

the water and the readily soluble salts to dissolve

fully, so as to achieve a uniformly saturated and

equilibrated soil water paste. At this point, the soil

paste glistens as it reflects light, flows slightly when

the container is tipped, slides freely and cleanly off

a spatula, and consolidates easily when the

container is tapped or jarred after a trench is formed

in the paste with the broad side of the spatula. The

extract of this saturation paste was obtained by

suction using a funnel and filter paper. The EC and

temperature of this extract were then measured

using standard conductance meters/cells/

thermometers. A linear regression analysis of the

ECe-ECa data was carried out.

The EC probe was also used to measure the

bulk soil EC of a conservation tillage experiment in

ICAR-CSSRI, Canning Town Research Farm. The

design of the conservation tillage experiment is split-

split plot with cropping system (rice-rice and rice-

cotton) (Kharif—Rabi) as main plot treatments and
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tillage type (zero tillage (ZT), reduced tillage (RT),

and conventional tillage (CT) as sub plot treatments.

The zero tillage was defined as no puddling

transplanting of rice during Kharif, and no puddling

transplanting of rice or cotton during rabi season;

reduced tillage as one summer plough transplanting

under no puddling during Kharif, and direct seedling

with one ploughing but no puddling for Rabi rice

and one ploughing for Rabi cotton and conventional

tillage as one summer plough and two puddling,

transplanting of rice during Kharif and one

ploughing and two puddling, transplanting of rice

or two ploughing followed by cotton transplanting.

Residue and no residue treatment was imposed in

sub-sub plot treatments. The observation of bulk

soil EC in tillage experiment was measured during

April 2014.

RESULTS AND DISCUSSIONS

Soil salinity study was carried out from seven

sites from lower to higher salinity level in Canning

research farm during 3rd week of January 2014.

Observation was taken at two depths between 0-30

cm and 30-60 cm by lowering the probe up to 25

cm and 55 cm depth, respectively. Bulk soil salinity

varied between 1.14 to 4.95 dS m-1 whereas

measured earth resistance varied between 3.7 to

17.2 ohm in the study sites and inversely related to

EC
a
 (Table 1). The observation taken from rice field

(site 5, rice-cotton rotation; and 6, rice-rice rotation)

showed the lowest salinity where as site 2 under

brackish water irrigated field showed the highest

salinity. Site 1 under deep water paddy field where

there was intrusion of saline river water also had

higher salinity (ECa 3.81-3.86 dS m-1). Site 3 and

4, the high and low land under integrated farming

system plot had salinity varied between 2.09-2.63

dS m -1.  Site 7 under mono-cropped paddy

cultivation had ECa between 2.07-2.52 dS m-1. The

soil salinity in coastal region is dynamics in nature

and it increases during rabi season with the increase

in soil drying.

The soil moisture measured through gravimetric

method (w/w) varied between 27.4-45%. On an

average the studied soils had 46% clay, 28% silt

and 26% sand and it was under silty clay texture.

The moisture at saturation varied between 44.7-

62.7% (w/w) and soil moisture at field capacity

varied between 36.1-46.9 (w/w). The observations

of ECa were taken when the soil moisture was near

field capacity.

Electrical conductivity of saturation paste (ECe)

varied between 2.98- 14.06 dS m-1. The lowest ECe

was recorded in site 6 under rice-rice rotation. As

rice was grown under submerged condition most of

the salt were leached out and showed lowest salinity

in site 6. Like bulk soil ECa, ECe was also

comparatively higher in site 1 and 2.

A calibration curve (Fig. 2) was developed

between ECa and ECe for the studied soils The data

show a high degree of correlation (r2 = 0.942) and

illustrate the salinity probe’s applicability for its

intended purpose i.e., measuring soil salinity

without recourse to soil sampling and laboratory

analysis.

Table 1. Depth-wise soil moisture, bulk soil electrical conductivity (EC), resistivity, and

EC of saturation extract of different sites in CSSRI-Canning research farm

Soil Sampling Depth (cm) Moisture % Resistance Temperature Bulk soil EC of saturation

site (w/w) (ohm) correction factor EC dS m-1 extract dS m-1

Site 1 0-30 29.5 4.87 1075 3.86 11.33

Site 1 30-60 39.1 4.87 1059 3.81 11.92

Site 2 0-30 28.7 3.7 1046 4.95 14.06

Site 2 30-60 28.4 4.6 1054 4.01 11.50

Site 3 0-30 30.3 8.93 1097 2.15 6.72

Site 3 30-60 28.0 8 1082 2.37 5.58

Site 4 0-30 27.4 8.95 1069 2.09 4.26

Site 4 30-60 28.8 7.13 1071 2.63 6.30

Site 5 0-30 28.5 9.17 1064 2.03 5.05

Site 5 30-60 27.9 10.43 1074 1.80 5.47

Site 6 0-30 45.0 17.2 1120 1.14 2.98

Site 7 0-30 27.5 9.18 1084 2.07 4.94

Site 7 30-60 31.8 7.57 1089 2.52 5.32
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The salinity probe was used to evaluate the soil

salinity under conservation tillage experiment and

observation was taken during May 2014 (Fig. 3). The

rice-rice system showed lower ECa than rice-cotton

system particularly at 0-30 cm and 30-60 cm soil depth.

Also zero tillage plot at surface depth showed higher

ECa than other tillage treatments might be because of

higher capillary rise of saline ground water at surface

depth in zero tilled plot than other treatments.

Bulk soil EC with salinity probe is a quick,

reliable, and easy to take soil measurement to

evaluate spatio-temporal variability of soil salinity

and have its use in precision agriculture application.
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A field experiment was conducted at the district fruit nursery, Alibag (Maharashtra) to study the

effect of fertilizer levels and weed management measures on growth and yield of white onion

(Allium cepa) under North Konkan Coastal Zone of Maharashtra state. The crop was fertilized

with four levels viz., 75% RDF, 100% RDF (100:50:50 kg NPK ha-1), 125% RDF and fertilizer

application on the basis of soil test. Six weed management measures comprised weedy check,

one hand weeding at 20 DAT, two hand weeding at 20 and 50 DAT, oxyfluorfen spray @ 0.176 kg

ha-1, oxyfluorfen spray @ 0.176 kg ha-1 + one hand weeding at 50 DAT and weed free check.

Application of fertilizers on the basis of soil test (150:75:25 kg NPK ha -1) recorded significantly

higher bulb yield (239.17 q ha-1) as compared to remaining fertilizer levels except 125% RDF.

Significantly higher bulb yield (253.33 q ha-1) was recorded in weed free check as compared to

weedy check and one hand weeding at 20 DAT. The highest weed control efficiency (95.03%)

was recorded in weed free check followed by application of oxyfluorfen combined with one

hand weeding at 50 DAT while the highest weed competition index (66.14%) was recorded in

weedy check. Maximum net returns (Rs. 399613 ha-1) with higher B: C ratio (1:3.11) were obtained

when onion crop was fertilized on the basis of soil test and herbicide oxyfluorfen @ 0.176 kg

ha-1 combined with one hand weeding at 50 DAT. Significantly higher nitrogen, phosphorus and

potassium uptake were recorded when onion crop was fertilized on the basis of soil analysis

and crop was kept weed free throughout the growth period.

(Key words: Fertilizer levels, Onion, Oxyfluorfen, Weed control)

Onion is one of the important vegetable crops

of India. Area under this crop in India during 2009-

10 was 554.15 thousand hectares and production

to the tune of 7729.13 thousand tones with 13.95 t

ha-1 productivity. Maharashtra ranks first in area

(111.65 thousand hectares) and production

(24098.18 thousand tones) with 21.58 t ha-1

productivity. In Konkan region of Maharashtra this

crop is grown in specific area during Rabi season.

The varieties grown in Konkan region are mostly

local cultivars. The productivity of onion crop in this

region is not more than 10 to 12 t ha-1 due to

improved production technology. Onion has very low

competitive ability with weeds due to non branching

habit, shallow root system, less foliage and slow

growth during initial stage. The reduction in bulb

yield is in the range of 40-80% due to weed

infestation has been reported by Mandal (1997),

Kolhe (2001) and Kalyana Murthy et al. (2009). The

weed competition at initial growth stage is mostly

responsible for poor productivity. Conventional

hand weeding twice or thrice are followed for onion

which is laborious and expensive too.

The chemical weed control measure has its own

merit over hand weeding practice. Similarly the

onion crop fertilized with available fertilizers in the

market without consideration of available nutrients

in the soil which results in undernourished or

malnourished. Onion crop require higher level of NPK

fertilizers for maximum yield.

In Raigad district of Maharashtra, the local

cultivar viz, safed onion is grown in scattered area.

This local cultivar is having good medicinal value, less

pungent and fleshy petals hence demand is more with

high market price. The bulbs of the cultivar are mostly

utilized for table purpose. There is need to develop

most economical weed control measure and fertilizer

management practice for obtaining higher yield with

higher profit. Hence present investigation was carried

out to study the effect of various nutrient levels in

conjunction with different weed control measures.

MATERIALS AND METHODS

A field trial was conducted in split plot design

with three replication during Rabi season of 2008-

09, 2009-10 and 2010-11 at district fruit nursery,

*Corresponding author : E-mail: deepakborse124@gmail.com



Veshvialibag (Maharashtra) with four fertilizer levels

as main plot treatments comprising 75%

recommended dose of fertilizer (75 % RDF- F
1
: 75-

37.50-37.50 :: N-P
2
O

5
-K

2
O kg ha-1), (100% RDF- F

2
:

100-50-50 :: N-P
2
O

5
-K

2
O kg ha-1), (125% RDF- F3:

125-62.50-62.50 :: N-P
2
O

5
-K

2
O kg ha-1) and fertilizer

application on the basis of soil test (F
4
: 150-75-25 ::

N-P
2
O

5
-K

2
O kg ha-1) sub plot treatment comprised

six weed control measures viz; W
0
: weedy check, W

1
:

one hand weeding at 20 DAT,W2: Two hand weeding

at 20 and 50 DAT, W
3
: Oxyflurofen @0.176 kg ha-

1,W
4
: Oxyflurofen @0.176 kg ha-1 + hand weeding at

50 DAT and W
5
: weed free check. The soil of

experimental plot was very low in available Nitrogen

(115 kg ha-1) medium in phosphorus (14 kg ha-1) and

high in available potassium (400 kg ha-1). The soil

was moderately alkaline in reaction (pH 8.14) with

normal electrical conductivity (0.15 dS m-1). The well

decomposed FYM @ 10 t ha-1 was applied before

transplanting along with full dose of phosphorus and

potassium as per treatment. Nitrogen was applied

in two equal splits as a basal and 30 DAT. The crop

was harvested at physiological maturity. The

harvested bulbs along with leaves were stored for 7

Table 1. Mean dry weight (q ha-1) of weeds as affected fertilizer levels and weed control measures

Treatment F1 F2 F3 F4 Mean Weed competition Weed Control

Index Efficiency

W
0

10.10 11.10 11.43 13.27 11.47 66.14 –

W1 5.13 5.43 5.63 5.90 5.53 37.68 51.78

W2 4.30 4.77 5.13 5.07 4.81 21.33 58.06

W3 1.33 1.53 1.63 1.70 1.55 6.71 86.48

W4 1.07 1.43 1.40 1.6 1.32 3.24 88.49

W
5

0.43 0.53 0.63 0.67 0.57 – 95.03

Mean 3.73 4.13 4.31 4.66

Fertilizer levels Weed control measures Interaction

SEm+ 0.10 0.12 0.24

CD at 5 % 0.28 0.34 0.68

Table 2. Effect of fertilizer levels and weed control measures on number of

leaves per plant, plant height (cm) and bulb yield (q ha-1)

Treatments No. of leaves Plant height (cm) Bulb yield (q ha-1)

2008- 2009- 2010- Pooled 2008- 2009- 2010- Pooled 2008- 2009- 2010- Pooled

09 10 11 mean 09 10 11 mean 09 10 11 mean

Fertilizer levels

F1 6.22 6.83 6.88 6.64 64.56 64.73 66.08 65.12 176.65 140.42 181.24 176.28

F2 6.50 7.50 7.56 7.19 63.97 66.29 67.72 65.64 198.18 161.89 200.82 186.96

F3 6.72 7.57 7.73 7.34 63.55 66.38 67.62 65.99 240.32 182.28 223.06 215.18

F4 6.92 7.75 7.98 7.55 63.41 66.56 68.34 66.10 249.20 219.50 250.00 239.17

SE 0.18 0.10 0.05 0.16 0.46 0.39 0.16 0.46 7.04 6.00 4.80 17.81

CD at 5% 0.51 0.30 0.15 0.45 N.S 1.11 0.45 N.S 20.12 17.13 13.71 47.93

Weed control measures

W0 6.07 6.43 6.53 6.34 63.08 65.43 66.00 64.84 151.82 93.21 93.43 112.82

W1 6.45 7.14 7.14 6.91 64.95 65.53 66.83 65.73 176.73 153.42 171.95 167.36

W2 6.45 7.45 7.36 7.08 63.75 66.20 67.25 65.77 216.67 178.92 217.05 204.21

W3 6.76 7.62 7.88 7.42 64.08 65.79 67.60 65.83 226.70 202.42 257.39 228.84

W4 6.83 7.78 8.10 7.57 64.28 66.53 67.76 65.93 247.20 221.33 266.97 245.17

W5 6.98 8.06 8.22 7.75 63.08 66.48 68.23 66.19 277.41 206.83 275.90 253.33

SE 0.22 0.15 0.07 0.17 0.56 0.48 0.19 0.58 8.62 8.48 5.87 17.64

CD at 5% 0.62 0.42 0.18 0.48 1.16 N.S 0.55 N.S 24.64 24.23 16.79 49.20
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days in shade and bundles with dry leaves were

made for marketing. The weed flora and their dry

weight from the experimental plot were recorded for

computing weed control efficiency and weed

competition index.

RESULTS AND DISCUSSION

Effect of fertilizer levels on dry weight of weeds

Effect of different fertilizer levels on dry wt. of

weed was significant. With increased in dose of

fertilizers weed weight was increased significantly. It

was lowest in 75% RDF. Dry wt. of weeds was recorded

significantly higher (4.66 q ha-1) in F4 treatment where

fertilizers were applied on the soil test basis as

compared to rest of the fertilizer levels. Thus it clearly

indicated that increase in fertilizer level increased the

availability of nutrients that resulted in growth and

development of weeds and eventually the dry weight

of weeds. These results were confirmative with those

reported by Patel et al. (2011).

Effect of weed control measures on dry weight of weeds

Different weed control measures under

investigation influenced dry weight of weeds

significantly. The lowest dry weight of weeds was

recorded in weed free check (W
5
) as compared to

rest of the weed control measures. Dry weight of

weeds due to application of herbicide alone or in

combination with one hand weeding at 50 DAT

recorded significantly lower dry weight of weeds as

compared to weedy check, one hand weeding at 20

DAT and two hand weeding at 20 and 50 DAT. It

clearly indicate that pre emergence selective

herbicide Oxyfluorfen @0.176 kg ha-1 significantly

reduced dry weight of weeds during initial growth

period. The Effective of different herbicides against

weed control in onion has been reported earlier by

Patel et al. (2011).

Higher weed control efficiency (95.03 %) was

recorded when onion crop was kept weed free

throughout the crop growth period followed by

Table 3. Nutrient uptake by different treatments

Treatment Bulb yieldq ha-1 N uptake kg ha-1 P2O5 uptake kg ha-1 K2 O uptake kg ha-1

F1W0 88.73 57.20 57.20 261.18

F1W1 147.61 135.70 135.70 362.39

F1W2 161.62 143.05 143.05 304.23

F1W3 185.30 172.84 172.84 506.46

F1W4 198.87 194.26 194.26 538.81

F1W5 214.37 199.97 199.97 618.83

F2W0 106.67 171.96 171.96 227.24

F2W1 158.17 200.38 200.38 469.48

F2W2 191.78 269.90 269.90 564.41

F2W3 214.50 282.78 282.78 485.75

F2W4 223.31 314.95 314.95 649.35

F2W5 227.32 418.73 418.73 510.87

F3W0 121.61 196.72 196.72 374.28

F3W1 178.88 317.25 317.25 668.93

F3W2 214.95 359.30 359.30 548.20

F3W3 243.11 472.91 472.91 591.86

F3W4 264.02 461.39 461.39 580.09

F3W5 268.74 528.95 528.95 653.31

F4W0 134.25 187.37 187.37 382.56

F4W1 184.79 367.87 367.87 528.31

F4W2 248.50 490.11 490.11 561.83

F4W3 272.42 579.66 579.66 742.19

F4W4 294.34 646.16 646.16 814.65

F4W5 303.09 713.83 713.83 751.27

SEm+ 11.75 32.21 32.21 2858

CD at 5% 33.58 92.33 92.33 81.67
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application of Oxyfluorfen combined with one hand

weeding at 50 DAT and oxyflurofen spray alone. The

highest weed competition index (66.14%) was

recorded in weedy check followed by one hand

weeding at 20 DAT and two hand weeding at 20 and

50 DAT, oxyflurofen spray and oxyflurofen + one

hand weeding at 50 DAT.

Effect of interaction on dry weight of weeds

The weed free check in combination with different

fertilizer levels recorded significantly lower dry weight

of weeds as compared to combination of rest of the

weed measures with fertilizer levels. Significantly the

lowest dry wt. of a weed (0.43 q ha-1) was recorded

when 75% RDF was combined with weed free check.

Effect  of  Fer t i l i zer  levels  and weed contro l

measures on Growth attributes and yield

Number of leaves per plant

The onion crop fertilized on the basis of soil

analysis (F
4
) has recorded significantly higher

number of leaves (7.55) than treatment F
1 

(75 %

RDF) and at par with Treatment F
2 
(100 % RDF) and

F
3
 (125 % RDF). It was observed from pulled data

Table 4. Economics

Treatment Mean Bulb Gross Returns Cost of cultivation Net Returns B:C Ratio

yieldq ha-1 Rs. ha-1 Rs. ha-1 Rs. ha-1

F1W0 88.73 177460 110462 66998 1.60

F1W1 147.61 295220 136872 158348 2.16

F1W2 161.62 323240 148323 174917 2.18

F1W3 185.30 370600 143709 226891 2.58

F1W4 198.87 397740 155013 242727 2.57

F1W5 214.37 428740 169978 258762 2.52

F2W0 106.67 213340 117373 95967 1.82

F2W1 158.17 316340 141323 175017 2.24

F2W2 191.78 383560 159309 224251 2.41

F2W3 214.50 429000 154374 274626 2.78

F2W4 223.31 446620 164092 282528 2.72

F2W5 227.32 454640 175226 279414 2.59

F3W0 121.61 243220 123283 119937 1.97

F3W1 178.88  357760 149157 208603 2.40

F3W2 214.95 429900 167963 261937 2.56

F3W3 243.11 486220 164842 321378 2.95

F3W4 264.02 528040 178594 349446 2.96

F3W5 268.74 537480 189965 347516 2.83

F4W0 134.25 268500 127862 140638 2.10

F4W1 184.79 369580 151492 218088 2.44

F4W2 248.50 497000 179513 317487 1.77

F4W3 272.42 544840 174979 369861 3.11

F4W4 294.34 588680 189067 399613 3.11

F4W5 303.09 606180 211784 394396 2.86

that, the weed free check (W
5
) treatment recorded

significantly higher number of leaves (7.75) than

the treatments weedy check (W
0
), one hand weeding

at 20 DAT (W
1
) and two hand weeding at 20 and 50

DAT (W
2
), except treatment Oxyflurofen @0.176 kg

ha-1 (W
3
) and Oxyflurofen @0.176 kg ha-1 + hand

weeding at 50 DAT (W
4
) which statistically at par

with treatment W5.

Plant height

It was revealed from three years pulled data that,

although the results are non significant in plant

height of the onion crop, the higher plant height

was observed in treatment F
4 

(66.10 cm), which was

slightly more than rest of fertilizer levels treatments.

The results were Non significant in relation to

different weed control measures in onion crop. The

higher plant height was observed in treatment W
5

(66.19 cm), which is slightly more than rest of

fertilizer levels treatments.

Bulb yield (q ha-1)

It was observed that, the onion crop with

treatment F
4, 

where crop was fertilized on the basis
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of soil test recorded significantly higher bulb yield

(239.17 q ha-1) as compared to rest of treatments

except F
3
 where 25 % higher dose of fertilizers was

applied than RDF which was at par with treatment

F
4
. Patel et al., (2011) also reported that the bulb

yield of onion was increased to the tune of 10.52%

under 125% RDF over RDF and 75 % RDF. The onion

crop has responded merely due to deficiency of

available nitrogen and phosphorus. The weed

control measures significantly affect the onion bulb

yield. The treatment weed free check (W
5
) recorded

significantly higher bulb yield (253.33 q ha-1) than

treatment weedy check (W
0
) and one hand weeding

at 20 DAT (W
1
) as compare to rest of the treatments

and at par with two hand weeding at 20 and 50

DAT (W
2
), Oxyflurofen @0.176 kg ha-1 (W

3
) and

Oxyflurofen @0.176 kg ha-1 + hand weeding at 50

DAT (W
4
) treatments. Kalyana Murthy et al., (2009)

also reported that integrated weed management

treatment involving pre emergence application of

herbicide viz. Oxyflurofen @ 0.09 kg ha-1 in

combination with one hand weeding at 45 days after

sowing resulted in higher bulb yield of onion. The

lowest bulb yield (112.82 q ha-1) was recorded under

unweeded plot due to severe weed competition.

These results are parallel with those reported by

Sinare et al. (2008).

Nutrient uptake (Kg ha-1)

Nitrogen uptake

The significantly higher nitrogen uptake (713.83

kg ha-1) was recorded in F
4
W

5
 treatment where the

onion crop was fertilized on the basis of soil test

and crop was kept weed free throughout growth

period as compare to rest of the treatment

combination except F
4
W

4
.The N uptake was graded

and significant as the bulb yield increased. Lowest

N uptake was noticed in F1W0 treatment where 75%

recommended fertilizer were applied with no weed

control measure.

Phosphorus Uptake

The significantly higher P
2
O

5
 uptake (215.13

kg ha-1) was also recorded in F
4
W

5
 treatment where

the onion crop was fertilized on the basis of soil

test (150-75-25 : N-P
2
O

5
-K

2
O kg ha-1) and crop was

kept weed free through growth period as compared

to rest of the treatment combination except

F
1
W

3
,F

1
W

5
,F

2
W

3
, F

2
W

5
,F

3
W

5
,F

4
W

3
 and F

4
W

4
. In

general higher P
2
O

5 
uptake was recorded where either

Oxyfluorfen applied or crop kept weed free throughout

growth period.

Potassium Uptake

The significantly higher K
2
O uptake (814.65 kg

ha-1) was also recorded in F
4
W

4
 treatment where the

onion crop was fertilized on the basis of soil analysis

and Oxyflurofen application combined with one hand

weeding at 50 DAT as compared to rest of the

treatment combination except F
4
W

3
 and F

4
W

5
.The

lowest K
2
O uptake was noticed at F

2
W

0
 treatment

where recommended fertilizer dose was given and

no weed control measure was adopted.

Economics

The highest net returns (Rs. 399613 ha-1) with

higher B: C ratio (1:3:11) was recorded in F
4
W

4

treatment combination where onion crop was

fertilized on the basis of soil test and weedicide

Oxyflurofen @ 0.176 kg ha-1 applied combined with

one hand weeding at 50 DAT followed by F
4
W

3
, F

3
W

4
,

F
3
W

3
 treatment combinations.
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The present study was aimed with specific objectives to study the effect of different irrigation

levels on water requirement, water use efficiency and cost analysis of strawberry. The research

was carried out at Research Farm of Department of Irrigation and Drainage Engineering, College

of Agricultural Engineering and Technology, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth,

Dapoli, during 12th December 2013 to 2nd April 2014. The experiment was laid out with twenty

treatment combinations and conducted using randomized block design (RBD) with four

replications. There were five levels of irrigation viz. I
1 

(0.4PE), I
2 

(0.6PE), I
3 

(0.8PE), I
4 

(1.0PE),

and I
5 

(1.2PE). The irrigation was scheduled on daily basis. The total depth of water applied in

irrigation levels I
1
, I

2,
 I

3
, I

4
 and I

5 
were 24.54 cm, 36.81 cm, 49.09 cm, 61.36 cm and 73.63 cm,

respectively which saved 66.6 per cent, 50.0 per cent, 33.3 per cent and 16.7 per cent water

over the irrigation level I
5
. The maximum water use efficiency was found in treatment I

1 
(4.28 q

ha-1 cm-1) followed by I
2 

(3.78 q ha-1 cm-1), I
3 

(2.77 q ha -1 cm-1), I
4 

(2.12 q ha-1 cm-1) and I
5 

(1.38 q

ha-1 cm-1), respectively. The maximum net income of Rs. 10, 92,496 per hectare was recorded in

treatment I
2
 followed by Rs. 10, 50,188, Rs. 9, 77,868 and Rs. 6, 82,417 in treatment I

3, 
I
4 

and I
1,

respectively. In irrigation level I
5
 the net income of Rs. 6, 37,948 per hectare was observed,

which was lowest amongst all other treatments. The maximum B: C ratio of (2.88) was observed

in irrigation level I
2 

followed by I
3 

(2.80)
,
 I

4 
(2.67) and I

1 
(2.18). The minimum B: C ratio was

observed in irrigation level I
5 

(2.09) which was due to lowest yield.

(Key words: Strawberry, Water use efficiency, Depth of water, B:C ratio)

Strawberry (Fragaria ananassa) is shallow

rooted crop that is very sensitive to soil water

deficits. The most roots occur in the upper 7 to 15

centimeter of soil, but can reach depths of 30

centimeter or more in lighter soil. It is a short day

plant required about 10 days of less than 8 hours

per day sunshine for flowering initiation (Rahudkar,

2010). In winter, the plants don’t make any growth

and remain dormant. In spring, when days become

longer and temperature rises, the plants resume

growth and begin flowering. The yield and size are

significantly reduced under drought stress during

flowering and fruit maturing stages (Bhatt, 1984).

Therefore, in order to achieve acceptable yield and

quality, irrigation is generally needed in strawberry

production.

The scheduling of irrigation is very critical to

make the most efficient use of drip irrigation system,

as excessive irrigation reduces yield, while

inadequate irrigation causes water stress and

reduces production. The optimal use of irrigation

can be characterized as the supply of sufficient water

according to plant needs in the rooting area and at

the same time avoiding the leaching of nutrients into

the deeper soil levels (Kruger et al., 1999). Drip

irrigation minimizes the conveyance losses like deep

percolation, runoff and evaporation. It saves water

maximum up to 30 to 70 per cent depending on crop

and its growth condition and enhances the crop yield

up to 66 per cent (Singh et al., 2001). Drip is found

to be advantageous in soil with high infiltration rate

and land with steep slope avoiding runoff, seepage

etc. The present study was aimed with specific

objectives to study the effect of different irrigation

levels on water requirement, water use efficiency and

cost analysis of strawberry.

MATERIALS AND METHODS

Soil condition

The topography of the experimental field was

uniform and level. The soil is of lateretic type. The

detail soil analysis was done for determination of

soil physicochemical properties. For analysis

purpose the samples were collected from four
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corners and from center of the field and were mixed

properly. A composite sample of 1 kg was used for

determining physicochemical properties of soil.

Experimental details

The experiment was laid out with twenty

treatment combinations. The twenty treatments

were arranged randomly on the area of 24m x 20

m. The buffer of 0.50 m (path) was left between two

successive treatments. The twenty treatment

combinations consist of five irrigation levels. The

experiment was laid on randomized block design

(RBD) with four replications. The experimental site

was ploughed followed by harrowing. The grass roots

and trash were removed from field. The size of bed

was length 20 m width 0.7 m, height 0.15 m. The

silver black color plastic films of 25 micron x 1.2 m

wide were used for mulching. The strawberry

seedlings of sweet Charlie variety were purchased

from the market on 10 December 2013. The

transplanting of strawberry was done on (12

December 2013) at spacing 0.3 m × 0.3 m after the

bed preparation and manure application. The water

soluble fertilizer (WSF) were used for application of

recommended dose of 100-70-85 NPK kg ha-1. The

FYM (Farm Yard Manure) was applied at the rate of

10 t ha-1.

Irrigation scheduling for drip system

On the basis of climatologically approach,

irrigation levels were fixed as 0.4 PE, 0.6 PE, 0.8

PE, 1.0 PE, 1.2 PE where, 0.4, 0.6, 0.8, 1.0, 1.2 are

the integrated factors derived from crop coefficient

(K
c
= 0.85), pan factor ( K

p
 = 0.7) and wetted area

(W
a
 = 1) and based on these factors irrigation levels

were given to the treatment plots. The irrigation was

scheduled on daily based on daily pan evaporation

data. The daily pan evaporation data with class ‘A’

pan evaporimeter was collected from observatory of

Department Agronomy, College of Agriculture,

Dapoli, Dr. BSKKV, Dapoli and used for irrigation

scheduling.

The depth of water to be applied for each

irrigation level was computed by equation,

                  Dn = I
f
   X  PE ... (3.4)

where,

Dn = Net depth of water to be applied, mm.day-1

I
f 
= Integrated factor

PE = Pan Evaporation, mm.day-1

The gross depth of water to be supplied was

found out equation,

                 
 Dg  =

   Dn ... (3.5)

                             EU

where,

Dg = Gross depth of irrigation, mm.day-1

EU = Average emission uniformity in fraction

Dn = Net depth of water to be applied, mm.day-1

The volume of water to be applied per treatment

plot was computed by the equation,

                       V  =  Dg  x  A ... (3.6)

where,

V = Volume of water, lit.day-1

Dg = Gross depth of irrigation, mm.day-1

A = Area of one bed, m2

The time of operation (hr) of drip irrigation system

for each treatment plot was calculated by using

equation,

                            
T

0
  =

  V ... (3.7)

                                     Q

where,

T
0 

= Time of operation, hr

V = Volume of water applied, lit.day-1

Q= Water applied to the bed, lph

i.e. q x n

Where,  q = average emitter discharge, lph

 n = number of emitters in the bed

Cost analysis

Cost of production

The cost of production was worked out for each

treatment. The cost of production includes the

variable cost and fixed cost of product. The variable

cost includes paid out cost on hired human labour,

ploughing and harrowing charges, seeds charges,

fertilizers, plant protection charges, water charges,

supervision charges, electricity charges, interest on

working capital, and interest on fixed capital,

depreciation, repair and maintenance charges for

installation of drip irrigation system.

Gross monetary returns

The gross monetary returns per hectare were

worked out by considering the fruit yield from

different treatments and prevailing market prices

of fruits of strawberry.

Net income

The net incomes were worked out by subtracting

the cost of production from gross monetary returns

in each treatment.
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Benefit–cost ratio

The benefit-cost ratio was worked out by

dividing the cost of production to gross monetary

returns for each treatment under study.

RESULT AND DISCUSSION

Water requirement of strawberry

The strawberry seedlings of sweet Charlie variety

were purchased from the market and transplanted

two days later. The monthly water delivered for each

treatment is presented in Table 1.

It was seen from Table 1 that the depth of water

applied in December and in April are less as

compared to depth of water applied in January,

February and March. This may be due to imposition

of treatments in December on 12th  day and

termination of treatments in April on 2nd day as

the pan evaporation (86.1 mm) of 20 days and (14.3

mm) of 2 days only during December and April,

respectively. It can be observed from Table 1 that

the maximum quantity of water (736.3 mm) was

applied in I
5
 treatment followed by I

4
 (613.6 mm), I

3

(490.9 mm), I
2
 (368.1 mm) and I

1
 (245.4 mm).

From Table 2, it is observed that the maximum

depth of water was applied in treatment I
5
 i.e. 73.63

cm. While the least amount of irrigation water was

applied in irrigation level I
1
. The 66.6 per cent water

saving was achieved in irrigation level I
1
 followed

by the irrigation level I
2 

(50 per cent)
,
 I

3 
(33.3 per

cent), respectively. The minimum water saving was

observed in irrigation level I
4
 (16.7 per cent) as

compared to irrigation level I
5
. The less water saving

in irrigation level I
4
 was due to application of more

water i.e. 100 per cent of pan evaporation. The result

is in close agreement with those reported by Jagtap

(2007) that the water saving in the range of 5.7 to

66.6 per cent for crop like cucumber, respectively.

Water use efficiency

The effect of different irrigation levels was tested

with the help of water use efficiency. The water use

efficiency is the ratio of yield obtained in a particular

treatment to the depth of water applied. From Table 3

it is observed that the maximum water use efficiency

was found in treatment I
1 

(4.28 q ha-1 cm-1) followed

by I
2 

(3.78 q ha-1 cm-1), I
3 

(2.77 q ha-1 cm-1), I
4 

(2.12 q

ha-1 cm-1) and I
5 
(1.38 q ha-1 cm-1), respectively. The

minimum water use efficiency of 1.38 q ha-1 cm-

1was occurred in treatment I
5 

due to more

application of water and less yields.

It is revealed from the data presented in Table 3.

that the water use efficiency was ranged from 4.26

q ha-1 cm -1 to 1.38 q ha -1 cm -1 for dif ferent

treatments. The increase in WUE was largely due

to reduction in total water applied. The maximum

36.76 per cent increase in yield over treatment I
5

was recorded in irrigation level I
2,

 followed by

irrigation level I
3
 (33.43 per cent), I

4 
(27.64 per cent)

and I
1
 (3.13 per cent), respectively. From the above

results it is clearly seen that the individual effect of

irrigation (depth) level is very much important and

responsible for productive growth of strawberry to

get maximum yield and water use efficiency.

Table 1. Water applied to strawberry under different treatments for each month

Month  Depth of water applied, mm

PE (mm) I
1
(0.4 PE) I

2
(0.6 PE) I

3
(0.8 PE) I

4
(1.0PE) I

5
 (1.2PE)

December 86.1 35.9 53.81 71.7 89.6 107.6

January 142.7 59.4 89.1 118.9 148.6 178.3

February 148.0 61.6 92.5 123.3 154.1 185.0

March 198.0 82.5 123.7 165.0 206.2 247.5

April 14.3 5.7 8.9 11.9 14.9 17.8

Total 589.1 245.4 368.1 490.9 613.6 736.3

Table 2. Total depth of irrigation applied for different irrigation levels

Sr. No. Irrigation level Depth of water applied (cm) Saving in water (%)

1 I
1
= 0.4 PE 24.54 66.6

2 I2= 0.6PE 36.81 50.0

3 I3= 0.8PE 49.09 33.3

4 I4= 1 PE 61.36 16.7

5 I5=1.2 PE 73.63 –
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Cost Analysis

The detailed cost analysis for strawberry crop

was calculated by considering the cost of production

and gross monetary returns obtained .The net

income and B: C ratio is the indicator used for cost

analysis study.

Net income

The detailed cost analysis is reported in Table 4.

It is clearly observed that the maximum net income

of Rs. 10, 92,496 per hectare was recorded in

treatment I
2
 followed by Rs. 10, 50,188, Rs. 9, 77,868

and Rs. 6, 82,417 in treatment I
3, 

I
4 

and I
1

respectively. In treatment I
5
 the net income of

Rs. 6, 37,948 per hectare was observed, which was

lowest amongst all other treatments.

Benefit: Cost ratio

The benefit cost ratio was calculated by taking

the ratio of gross monetary returns to cost of

production. From Table 4, the maximum B: C ratio

of (2.88) was observed in treatment combination I
2

followed by I
3 

(2.80)
,
 I

4 
(2.67) and I

1 
(2.18). The

maximum B: C ratio in I
2
 was due to higher yield

obtained in this treatment compared with rest of all

treatments. The minimum B: C ratio was observed in

treatment (2.09) which was due to lowest yields.

CONCLUSION

The total depth of water applied in different

irrigation levels ranged from 24.54 cm to 73.63 cm

with water saving of 16.7 to 66.6 per cent over

maximum irrigation level I
5.

 The maximum water

use efficiency of 4.28 q ha-1 cm-1, 3.78 q ha-1 cm-1,

2.77 q ha-1 cm-1, 2.12 q ha-1 cm-1 and 1.38 q ha-1

cm-1 were recorded in irrigation levels I
1
,I

2
 ,I

3
, I

4

and I
5, 

respectively. The maximum net income of

Rs. 10, 92,496 per hectare was recorded in treatment

I
2
 followed by Rs. 10, 50,188 Rs. 9, 77,868 and Rs.

6, 82,417 in treatment I
3, 

I
4 

and I
1, 

respectively. In

treatment I
5
 the net income of Rs. 6, 37,948 per

hectare was observed, which was lowest amongst

all other treatments. The maximum B: C ratio of

(2.88) was observed in treatment combination I
2

followed by I
3 

(2.80)
,
 I

4 
(2.67) and I

1 
(2.18). The

Table 3. Water use efficiency for different irrigation levels (q ha-1 cm-1)

Treatments Yield Depth of water Water use efficiency Per cent increase in yield

(q ha-1) applied (cm) ( q ha-1-cm-1) over treatment I
5

I
1

105.2 24.54 4.28 3.13

I2 139.5 36.81 3.78 36.76

I3 136.1 49.09 2.77 33.43

I4 130.2 61.36 2.12 27.64

I5 102.0 73.63 1.38 –

Table 4. Cost analysis for different treatment combinations

Sr. Particulars I1 I2 I3 I4 I5

No.

1 Seasonal fixed cost 20685 20685 20685 20685 20685

2 Variable cost (excluding fertilizer cost) (Rs ha-1) 525120 525120 525120 525120 525120

3 Fertilizer cost (Rs ha-1) 13200 13200 13200 13200 13200

4 Irrigation water @ Rs.120 ha-1 cm-1 2940 4416 5880 7356 8832

5 Total variable cost (2+3+4) 541260 542736 544200 545676 547152

6 Interest on working capital (3% x 5) 16237 16282 16326 16370 16414

7 Rental value Rs. 1800 ha-1 1800.00 1800.00 1800.00 1800.00 1800.00

8 Total operating cost per season (5+6+7) 559297 560818 562326 56384 565366

9 Cost of production (Rs ha-1) (1+8) 579983 581503 583011 584531 586052

10 Yield (t ha-1) 10.52 13.95 13.61 13.02 10.20

11 Selling price (Rs kg-1) 120.00 120.00 120.00 120.00 120.00

12 Gross monetary returns (10 x 11) 1262400 1674000 1633200 1562400 1224000

13 Net income (Rs ha-1) (12 - 9) 682416 1092496 1050188 977868 637947

14 B : C ratio (12 / 9) 2.18 2.88 2.80 2.67 2.09
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maximum B: C ratio in I
2
 was due to higher yield

obtained in this treatment compared with rest of all

treatments. The minimum B: C ratio was observed

in treatment (2.09) which was due to lowest

yields.

REFERENCES

Bhatt, C. R. (1984). Irrigation, mulch and double

row planting related to fruit size and yield of

‘Bounty’ strawberry. Horticulture Science 22(1):

42-44.

Jagtap, S. K. (2007). Response of cucumber (cucumis

sativus) crop to drip irrigation system under

various mulches. An Unpublished M.Tech.

(Agril.Engg.) Thesis, Dr. BSKKV, Dapoli.

Kruger, E., Schmidt, G. and Bruckner, U. (1999).

Scheduling strawberry irrigation based upon

tensiometer measurement and a climatic water

balance model. Scientia Horticulture 81: 409-424.

Rahudkar, V. B. (2010). Strawberry Cultivation,

Processing and Marketing, Sun Publication,

Pune. Pvt. Ltd.

Singh, R., Hooda, R., Khurana, S. C. and Nain, A.

(2001). Effect of irrigation regimes in

Cauliflower under drip and surface irrigation.

Micro-irrigation: 312-319.

28 Mane et al. 33(1)



J. Indian Soc. Coastal agric. Res. 33(1): 29-33 (2015)

Effect of  Plant Density on Growth, Yield and Quality of

Sesame (Sesamum indicum L.) Varieties Grown in

Lateritic Soils of  Konkan

P. S. KADAM, M. G. CHAVAN and V. N. GAME

Department of Agronomy, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth,

Dapoli - 415 712, Maharashtra

Received: 24.04.2015 Accepted: 04.06.2015

Field experiment was conducted on coastal lateritic soils of konkan region to study the effect

of plant density on growth and yield of sesame varieties during summer season at Agronomy

Farm, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli. Dist. Ratnagiri. The experiment

was laid out in split plot design with three replications. The main plot treatments were four

sesame varieties viz., Phule Til-1, JLT-26, JLT-408 and JLT-7. The sub plot treatments comprised

three plant densities viz.,1,66,666 plants ha -1, 2,22,222 plants ha -1 and 3,33,333 plants ha -1
.

Results revealed that the growth characters of sesame variety JLT-7 were significantly higher

followed by Phule Til-1, JLT-408 and JLT-26. Sesame variety JLT-7 produced significantly higher

seed yield (12.5 q ha-1) and stalk yield (25.7 q ha-1) over rest of the varieties. The growth characters

like plant height and number of functional leaves were significantly higher at plant density of

3,33,333 plants ha-1 as compared to other plant density treatments. The plant density of 1,66,666

plants ha-1 recorded significantly higher number of branches plant-1 and dry matter accumulation

plant-1 over rest of plant densities. The plant density 1, 66,666 plants ha-1 recorded significantly

higher values of most of the yield attributes. The plant density of 2,22,222 plants ha-1 produced

significantly higher seed yield (12.5 q ha-1). However, stalk yield was higher at 3,33,333 plants

ha-1over rest of the plant densities. The variety JLT-7 recorded significantly higher protein and oil

content (%) in seed over rest of the varieties. The plant density treatment 1,66,666 plant ha-1

significantly increased the protein content in seed as compared to rest of plant densities. Oil content

in seed was not influenced due to plant densities.

(Key words: Varieties, Plant density, Sesame)

Sesame (Sesamum indicum L.) is an important

oilseed crop of India, recognized by various names

like gingely, til, simsim, gergelim, biniseed etc. It

has earned a poetic label “Queen of Oilseeds” due

to high quality poly-unsaturated stable fatty acids

in seeds, which offer resistance to oxidative rancidity

and exerts synergistic effect on the action of certain

insecticides like pyrethrins and rotenone. Moreover,

seeds are rich source of edible oil and protein. Nearly

73 per cent of the oil is used for edible purposes,

where as 8.3% for hydrogenization and 4.2 per cent

for industrial purposes in the manufacture of paints,

pharmaceuticals and insecticides. Sesame oil is also

used in soap, cosmetic and skin care industries.

The oil is very stable and does not turn rancid. It

has anti-bacterial, anti-viral, anti-fungal and anti-

oxidant properties. Since sesame seed oil is cholesterol

free, it is also used in health food industries.

Sesame is grown during Kharif season in India

including Maharashtra. The yields of Kharif grown

sesame are generally low due to use of low yielding

varieties with poor agronomic management practices

*Corresponding author : E-mail : vishalgame009@gmail.com

such as inadequate plant stand, poor nutrient

management and lack of care against major diseases

and insect pests. However, in West Bengal, the

productivity of sesame grown during summer season

after harvest of Kharif paddy is generally higher due

to favourable weather parameters such as

photoperiod and temperature and unfavourable

weather condition with respect to disease incidence

and development of insect pests. The sesame is now

grown in a wide range of environments, extending

from semi-arid tropics and subtropics to temperate

regions. The research effort made by the

Dr.B.S.K.K.V, Dapoli has led to the identification of

sesame varieties (PT-1, JLT-26, JLT-408 and JLT-

7) with desirable characters. Further, plant density

is known to influence the growth and productivity

of sesame. Sesame responds very well to closer

spacing and high seed rate (Menon, 1966; Singh and

Nema, 1972). However, the information on

production potentiality of sesame varieties during

summer season under varied plant density and

planting geometry in Konkan region of Maharashtra



is lacking. In view of above points, a field experiment

was conducted to study the performance of sesame

varieties at different plant densities during summer

season.

MATERIALS AND METHODS

A field experiment to study the effect of plant

density on growth and yield of sesame varities was

conducted at Department of Agronomy, Dr. B. S.

Konkan Krishi Vidyapeeth, Dapoli during summer

2012-13. The soil of the experimental plot was

classified as lateritic, derived from basalt. The

experimental field has a flat topography with ideal

conditions for cultivation of sesame during summer

season. The soil of the experimental plot was sandy

clay loam in texture, moderately acidic in reaction

and low in organic content. The soil was medium in

available nitrogen content and available phosphorus

and high in potassium content.

The experiment was laid out in split plot design

with three replications. The main plot treatments

were four sesame varieties viz., Phule Til-1 (V
1
), JLT-

26 (V
2
), JLT-408 (V

3
) and JLT-7 (V

4
). The sub plot

treatments comprised three plant densities viz.,

1,66,666 plants ha-1 at spacing 30 X 20cm (D
1
),

2,22,222 plants ha-1 at spacing 30 X 15 cm (D
2
) and

3,33,333 plants ha-1 at spacing 30 X 10 cm (D
3
).

Thus, there were in all 12 treatment combinations.

The treatments were randomized in the experimental

units. Total seven irrigations were given during the

course of experimentation. The crop was harvested

when lower leaves, capsules and stem turned to

lemon yellow colour. During harvest, net plot was

harvested separately and bundled. Bundles were

dried in sunshine. Later staked bundles were

inverted down and tapped with stick to separate the

seeds. The produce was dried, winnowed, cleaned and

weight of seeds and stalk obtained from each net plot

were recorded. In order to assess the effect of different

treatments on the growth and yield of sesame crop

biometrical observations were recorded.

RESULTS AND DISCUSSION

Crop growth and development studies

Performance of sesame varieties

Data presented in Table 1 revealed that variety

JLT-7 recorded maximum and significantly higher

plant height, mean number of functional leaves,

Table 1. Mean plant height, number of functional leaves plant-1, number of branches plant-1 and dry

matter accumulation of sesame as influenced periodically by different treatments

Treatments Plant height No. of functional No. of branches Dry matter

(cm) leaves plant-1 plant-1 plant-1 (g)

Varieties

V1- Phule Til-1 113.51 103.02 3.77 23.22

V2- JLT-26 107.45 94.42 3.76 21.81

V3- JLT-408 114.16 100.51 3.93 22.16

V
4
- JLT-7 115.68 105.47 4.61 23.41

F test Sig. Sig. Sig. Sig.

SEm + 0.29 0.72 0.05 0.11

CD at 5% 1.01 2.49 0.17 0.38

Plant Density

D1- 1,66,666 plants ha-1 (30 x 20cm) 110.74 95.72 4.48 22.26

D2- 2,22,222 plants ha-1 (30 x 15cm) 111.10 101.28 3.93 24.15

D3- 3,33,333 plants ha-1 (30 x 10cm) 116.26 105.57 3.63 21.54

F. test Sig. Sig. Sig. Sig.

S.Em. + 0.25 0.67 0.04 0.17

C.D. at 5% 0.76 2.02 0.12 0.52

Interaction effect

F test N.S. N.S. N.S. N.S.

SEm + 1.01 2.69 0.16 0.69

CD at 5% – – – –

General mean 112.70 100.86 4.02 22.65
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number of branches plant -1 and dry matter

accumulation plant-1 as compared to rest of the

varieties. Variety JLT-26 recorded significantly

lowest plant height, mean number of functional

leaves and dry matter as compared to other varieties

at harvest. Variety JLT-7 and Phule Til-1 were at

par with each other in case of mean number of

functional leaves. The reason of high dry matter

accumulation in JLT-7 may be traced to the

significant increase in morphological parameters

which are responsible for the photosynthetic

capacity of the plant there by increasing the

biological yield. Similar findings were also reported

by Itnal et al. (1993) and Dixit et al. (1997), who

observed no significant differences in number of

branches plant-1 among the different sesame varieties.

Effect of plant density

Plant density of 3,33,333 plants ha-1 produced

significantly taller plants and number of functional

leaves over rest of the treatments. Plant density of

1, 66,666 plants ha-1 recorded lowest plant height

and remained at par with D
2
 throughout crop growth

period. Plant density of 1, 66,666 plants ha-1

produced maximum and significantly higher mean

number of branches as compared to all other

treatments (Table 1). Total dry matter plant-1

decreased with increase in plant density. The plant

densities 2, 22,222 plants ha-1 recorded maximum

and significantly higher dry matter over plant

densities 1, 66,666 plant ha-1 and 3, 33,333 plant

ha-1 in descending order. Increase in plant density

from 2, 22,222 to 3, 33,333 plants ha-1 decreased

dry matter accumulation from 24.15 to 21.54 g

plant-1, respectively. The extent of reduction in the

dry matter due to increase in plant density tended

to increase as the growth advanced. Thus, the

increased dry weight at lower plant densities, which

usually associated with increased leaf area plant-1 has

led to greater accumulation of photosynthates. This

resulted in relatively better yield plant-1 at lower plant

densities than at higher plant densities. Observations

by Basavaraj (1994) confirm the results of present

study.

Yield attributing characters and yield

Performance of sesame varieties

It is evident from the data presented in table 2

that, number of capsules per plant were more in

variety JLT-7 followed by variety Phule Til-1, JLT-

Table 2. Number of capsules plant-1, weight of capsule (g), seed weight capsule-1 (g), seed yield, stalk

yield (q ha-1), protein and oil content of sesame cultivars as influenced by plant density

Treatments Number of Weight of Seed Seed Stalk Protein Oil

capsule capsule weight yield yield  content  content

plant-1 (g) capsule-1 (q ha-1) (q ha-1) (%) (%)

Varieties

V
1
- Phule Til-1 101.40 0.4084 0.2273 12.06 21.21 22.48 51.75

V
2
- JLT-26 96.93 0.4038 0.2192 11.00 20.32 22.07 50.62

V
3
- JLT-408 99.98 0.3992 0.2255 11.82 23.55 22.43 51.57

V
4
- JLT-7 106.30 0.4142 0.2407 12.48 25.71 23.19 52.21

F test Sig. Sig. Sig. Sig. Sig. Sig. Sig.

SEm + 0.39 0.001 0.001 0.08 0.34 0.06 0.06

CD at 5% 1.35 0.0025 0.0043 0.27 1.18 0.23 0.22

Plant Population/Density

D
1
- 1,66,666 plants ha-1 (30 x 20cm) 99.01 0.4093 0.2421 11.38 14.63 23.86 50.99

D
2
- 2,22,222 plants ha-1 (30 x 15cm) 104.59 0.4083 0.2207 12.52 26.31 22.82 51.98

D
3
- 3,33,333 plants ha-1 (30 x 10cm) 99.86 0.4016 0.2217 11.62 27.16 20.94 51.64

F test Sig. Sig. Sig. Sig. Sig. Sig. N.S.

SEm + 0.42 0.0005 0.001 0.09 0.29 0.04 0.08

CD at 5% 1.27 0.0013 0.0043 0.27 0.87 0.14 –

Interaction effect

F test N.S. N.S. N.S. N.S. N.S. N.S. N.S.

SEm + 1.69 0.002 0.002 0.36 1.17 0.18 0.32

CD at 5% – – – – – – –

General mean 101.15 0.41 0.22 11.84 22.70 22.54 51.53
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408 and JLT-26. Dixit et al. (1997) opined that sesame

plants with more number of capsules plant-1 yield

higher than those with lower number of capsules plant-

1. Similarly significant differences in number of

capsules plant-1 were observed by Patra and Mishra,

(2000). Weight of capsule and seed weight capsule-1

were higher in variety JLT-7. The results are in

agreement with those of Tomar et al. (1990). Although,

variety JLT-7 recorded significantly higher weight of

capsule (g) and more seed weight capsule-1 (g) than

other varieties, variety JLT-26 failed to produce higher

seed yield plant-1 due to lower number of capsules

plant-1 than rest of the varieties. Thus, owing to

integration of major favorable yield components such

as number of capsules plant-1, seed weight plant-1

variety JLT-7 produced higher seed yield compared

to remaining varieties. Similar result found by Harsha

(2006) and Kanabur (1998) who stated that the

variations in number of branches plant-1 and number

of capsules plant-1 determine seed weight plant-1.

Data furnished in Table 2 revealed that the

variety JLT-7 produced maximum and significantly

superior seed and stalk yield ha-1 over rest of the

varieties. The varieties Phule Til-1 produced

significantly higher seed yield over variety JLT-26

and were at par with variety JLT-408. Variety JLT-

26 recorded significantly lowest seed yield as

compared to other varieties. Variety JLT-408 also

recorded significantly higher stalk yield over variety

Phule Til-1 and JLT-26. Variety JLT-26 produced

significantly lowest stalk yield as compared to rest

of the varieties except variety Phule Til-1 which was

at par with each other.

Effect of plant density

Marked decline in number of capsules plant-1

was observed due to increase in plant density. The

plant densities 2,22,222 plants ha-1 recorded

highest mean number of capsule plant-1 and it was

significantly superior to plant density 1,66,666 plant

ha-1 and 3,33,333 plant ha-1 as compared to rest of

the treatments. These findings corroborate the

reports of Tomar et al. (1992);  Ghosh and Patra

(1992) who suggested that the number of capsules

plant-1 were decreased with increase in plant density.

The plant densities 2,22,222 plants ha-1 recorded

highest seed yield ha-1 and it was significantly

superior to plant density 1,66,666 plant ha-1 and

3,33,333 plant ha-1. The plant densities 3, 33,333

plants ha-1 and 2,22,222 plant ha-1 were at par with

each other and both the densities significantly

increased the stalk yield over plant density 1, 66,666

plant ha-1.

Differences in seed yield plant-1 among the plant

densities was largely because of differences in the

yield components such as number of capsules

plant-1. Number of capsules plant-1 decreased with

increasing plant density. Medium plant density

(2,22,222 plants ha-1) produced higher number of

capsules plant-1 as compared to higher plant density

(3,33,333 plants ha-1). Higher number of capsules

plant-1 resulted in higher seed weight plant-1 at

medium plant density (2,22,222 plants ha-1) as

compared to the high plant density (3,33,333 plants

ha-1). Availability of sufficient light and moisture to

every plant at medium plant density leading to

enhanced plant growth might have led to better seed

weight plant-1. Similar results were reported by

Basavaraj et al. (1993).

Quality study

 Protein content and oil content in sesame is

considered as quality parameters. Data pertaining

to protein content (%) in seed and oil content (%) in

seed of sesame as influenced by different treatments

are presented in Table 2.

Oil content in seed of variety JLT-7 was

significantly higher over the varieties Phule Til-1,

JLT-408 and JLT-26. Phule Til-1 recorded

significantly higher protein and oil content over JLT-

26 and was at par with variety JLT-408. The

significantly lowest protein and oil content was

recorded by variety JLT-26 in seed as compared to

rest of the varieties. Similarly, Thakur and Borulkar

(1980) observed significant variations among sesame

varieties with respect to seed protein content. The

plant density of 1,66,666 plant ha-1 significantly

increased the protein content in seed as compared

to rest of plant densities. The plant density of

2,22,222 plants ha-1 significantly accumulated more

protein over plant density of 3,33,333 plant ha-1.

Oil content of sesame was not influenced by change

in plant density.

CONCLUSION

It can be concluded that for higher growth, yield

and quality, sesame variety JLT-7 be grown during

summer season with the plant density of 2,22,222

plants ha-1 at a spacing 30 X 15 cm under south

Konkan conditions.
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An experiment was conducted during wet season of 2012 to study genetic variability, correlation

and path coefficient analysis in 31 diverse salt tolerant rice genotypes under coastal salinity

conditions of Goa. Analysis of variance showed highly significant differences among the tested

genotypes for all the characters studied. Phenotypic coefficient of variation (PCV) was higher

compared to that of genotypic coefficient of variation (GCV) in all the characters indicating the

influence of environment on the expression of these traits. High heritability coupled with high

genetic advance was observed for days to 50% flowering, length to breadth ratio, 100 grain

weight, straw yield per plot, harvest index and grain yield per plot indicating that these characters

are governed by additive gene action. Grain yield per plot showed positive and significant correlation

with panicle length, grain length, filled grains per panicle, spikelet fertility and straw yield per plot

and harvest index. Results of the path analysis indicated that grain length had maximum direct

effect on grain yield followed by harvest index and straw yield per plot. Such characters could be

utilized in selection for improving the grain yield under coastal salinity conditions.

(Key words: Coastal salinity, Correlation and Path analysis, Genetic variability, Rice)

Soil salinity is one of the major abiotic stresses

affecting the productivity of rice crop in the coastal

regions of the country. In India, of the total 8.5 M

ha of land which is affected by soil salinity, about

2.10 M ha area is affected with coastal salinity. The

yield reduction of rice due to soil salinity is

estimated to be around 30-50%. Goa state has

18,000 ha of land affected by coastal salinity which

includes rice cultivation to the tune of 12,000 ha.

The pH of coastal saline soils of Goa is slightly acidic

to neutral (6.0-7.0) whereas electrical conductivity

varies from 4 to 15 dS m-1. Rice varieties grown in

these soils are mostly landraces and the productivity

of these landraces is very low (1.5 – 2.0 t ha-1) due

to occurrence of multiple stresses viz., salinity,

submergence and water stagnation during the crop

growth. Profit in rice cultivation in coastal areas

can be increased with the introduction of new salt-

tolerant varieties with better grain quality and

higher market value (Sarangi et al., 2014). Hence,

there is a need for development of rice varieties with

improved productivity, quality and tolerance to

multiple abiotic stresses.

Enriching genetic resources and understanding

the magnitude of variability present and association

of various agro-morphological characters with grain

yield is of paramount importance before initiating a

breeding program. The present study was taken up

with an objective of studying the genetic variability,

character association and path coefficient analysis

in 31 salt tolerant rice genotypes under coastal

salinity conditions of Goa.

MATERIALS AND METHODS

The experimental material comprised of 31

diverse salt tolerant rice genotypes comprising

traditional landraces, improved cultivars and

advanced breeding lines (Table 1). Traditional rice

landraces of Goa were collected from farmer’s field

during the survey conducted for two years in Kharif

2010 and 2011. Improved cultivars and advanced

breeding lines were obtained from ICAR-Central Rice

Research Institute, Cuttack, ICAR-Central Soil

Salinity Research Institute (ICAR-CSSRI), Karnal and

ICAR-CSSRI, Regional Research Station, Canning

Town. The experiment was laid out in randomized

complete block design with three replications in

farmer’s field (15o 33’ N latitude, 73o 53’ E longitude

and +3.0 m MSL) under natural coastal salinity

situation at Chorao Island, North Goa during the

wet season 2012. The pH of the soil of experimental

field ranged from 5.46 – 6.00 and that of electrical

conductivity ranged from 2.98 to 7.51 dS m-1.

Twenty five day old seedlings were transplanted

with spacing of 20 cm x 15 cm and each genotype

was grown in seven rows of 3.0 m length with a plot

size of 4.2 m2. Recommended dose of fertilizers and

need based plant protection measures were carried

*Corresponding author : E-mail : manohar.gpb@gmail.com



out for the better management of the crop.

Observations on 15 yield contributing and quality

parameters were recorded on five plants for each of

the genotype in each replication. Grain yield and

straw yield were recorded on net plot basis. The

variability was estimated as per procedure for

analysis of variance suggested by Panse and

Sukhatme (1985), genotypic coefficient of variation

(GCV) and phenotypic coefficient of variation (PCV)

by Burton and De Vane (1953) and heritability and

genetic advance by Johnson et al. (1955). The

genotypic and phenotypic correlation coefficients were

calculated using the method given by Johnson et al.

(1955), while genotypic and phenotypic path coefficient

was worked out as suggested by Wright (1992) and as

described by Dewey and Lu (1959). Data collected were

analyzed using Windostat software version 9.1.

RESULTS AND DISCUSSIONS

Analysis of variance showed highly significant

differences among the genotypes tested for all the

characters. Mean, range, GCV, PCV, heritability

(broad sense), genetic advance and genetic advance

expressed as percent of mean for fifteen characters

are presented in Table 2.

In general, estimates of PCV were higher

compared to that of GCV for all characters studied,

reflecting the influence of environment on the

expression of these traits. PCV and GCV were high

for straw yield per plot (41.02% and 34.54%), grain

yield per plot (36.69% and 33.07%) and harvest

index (24.99% and 21.44%). High values of PCV and

GCV for grain yield was earlier reported by Panwar

et al. (2005), Karthikeyan et al. (2010) and Ali et al.

(2013); and for straw yield by Karthikeyan et al.

(2010). Moderate values of PCV and GCV were

observed for filled grains per panicle (19.68 and

10.96%), flag leaf length (18.42% and 12.79%), 100

grain weight (16.59% and 15.61%), productive tillers

per hill (17.58% and 10.22%), plant height (15.92%

and 14.53%), days to 50% flowering (13.96% and

13.93%) and grain width (10.78% and 9.96%). Low

PCV and GCV observed in grain length (9.44% and

8.80%), flag leaf width (9.56% and 5.86%) and in

per cent fertility (5.87% and 3.23%).

Heritability estimates gives information about

proportion of genetic variability which is transmitted

from parents to off springs. In this study, it ranged

 Table 1. Genotypes used in the present study

Genotypes Source

Damgo, Mudgo, Belo, Kalo belo, Landraces from Goa

Walayo, Kendal, Korgut,

Red kochri, White kochri, Saalsi,

Kolyo, Panyo, Shidde, Xitto and

Patni

Bhutnath, Talmugur, Genotypes received

Rahaspanjar, Ladu, from CRRI, Cuttack;

Nangalmutha, Nikunja, Bhaluki, CSSRI, Karnal and

SR-26-B, CST-7-1, Canning-7, CSSRI RRS,

Sumati, CSR-23, CSR-27, Canning Town

CSR-36, FL-496 and FL-378

Table 2. Genetic variability parameters for 15 agro-morphological and quality characters

Characters Range Mean PCV GCV Heritability GA @ 5% Genetic

(%) (%) in broad advance as

sense (%) % mean

Days to 50 % flowering 83.00 - 134.50 111.47 13.96 13.93 99.50 31.91 28.63

Plant height (cm) 115.30 - 192.70 152.69 15.92 14.53 83.20 41.68 27.30

Productive tillers per hill 5.60 - 10.20 7.57 17.58 10.22 33.70 0.93 12.23

Panicle length (cm) 18.95 - 31.42 24.14 11.80 9.33 62.60 3.67 15.21

Filled grains per panicle 74.23 - 145.17 116.86 19.68 10.96 31.00 14.69 12.57

% Fertility 76.71 - 94.55 86.66 5.87 3.23 30.30 3.18 3.67

Grain length (mm) 4.77 - 7.33 6.16 9.44 8.80 86.90 1.04 16.90

Grain width (mm) 1.92 - 2.94 2.58 10.78 9.96 85.40 0.49 18.96

Length / Breadth ratio 1.87 - 3.38 2.42 16.96 16.00 89.10 0.75 31.12

100 grain weight 1.73 - 3.48 2.83 16.59 15.61 88.50 0.86 30.24

Flag leaf length (cm) 28.83 - 50.15 39.74 18.42 12.79 48.20 7.27 18.30

Flag leaf width (cm) 1.21 - 1.58 1.40 9.56 5.86 37.60 0.10 7.40

Straw yield per plot (kg) 0.37 - 4.78 3.03 41.02 34.54 70.90 1.81 59.93

Harvest Index (%) 9.80 - 38.53 27.61 24.99 21.44 73.60 10.46 37.90

Grain yield per plot (kg) 0.32 - 1.81 1.14 36.69 33.07 81.20 0.70 61.40
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Table 3. Phenotypic (rp) and genotypic (rg) correlation coefficients among grain yield and its components and quality characters

Traits DFF PHT NPT PL FG/P %F GL GW L/B TW FL L FL W SY HI GY

DFF G 1.000 0.257 0.430 0.177 0.434* 0.200 0.165 -0.275 0.282 -0.128 0.384* -0.144 0.886** -0.531** 0.280

P 1.000 0.230 0.259 0.145 0.241 0.116 0.152 -0.253 0.264 -0.120 0.257 -0.110 0.740** 0.451* 0.249

PHT G 1.000 -0.575** 0.325 -0.009 0.420 -0.081 0.522** -0.375* 0.466** 0.825** 0.139 0.211 -0.505** -0.320

P 1.000 -0.275 0.290 0.023 0.221 -0.060 0.408** -0.299 0.418 0.646** 0.157 0.215 -0.403* -0.243

NPT G 1.000 -0.066 0.436 -0.542** -0.200 -0.692** 0.322 -0.657** 0.047 -0.609** -0.009 -0.097 -0.189

P 1.000 -0.161 0.073 -0.139 -0.154 -0.273 0.086 -0.364* -0.043 -0.247 0.125 -0.063 0.045

PL G 1.000 0.444* 0.831** -0.022 0.261 -0.185 0.147 0.156 -0.295 0.369* 0.082 0.453*

P 1.000 0.407 0.282 0.092 0.108 -0.032 0.143 0.220 -0.077 0.211 0.084 0.299

FG/P G 1.000 0.425** -0.330 -0.146 -0.113 -0.428* -0.174 -0.165 0.550** -0.006 0.485**

P 1.000 0.344 -0.162 -0.142 -0.013 -0.251 0.035 -0.084 0.172 -0.025 0.168

%F G 1.000 0.309 0.248 -0.026 0.403* -0.017 0.193 0.451* 0.357* 0.789**

P 1.000 0.141 0.198 -0.063 0.226 0.093 0.112 0.263 0.082 0.376*

GL G 1.000 -0.250 0.756** 0.355 -0.194 0.268 0.415* 0.064 0.485**

P 1.000 -0.230 0.748** 0.376* -0.141 0.179 0.333 0.045 0.387*

GW G 1.000 -0.820** 0.797** 0.578 0.248 -0.376* 0.187 -0.159

P 1.000 -0.813** 0.756** 0.318 0.103 -0.206 0.084 -0.100

L/B G 1.000 -0.321 -0.466** -0.008 0.486** -0.096 0.369*

P 1.000 -0.285 -0.289 0.033 0.332 -0.038 0.282

TW G 1.000 0.434** 0.526** -0.067 0.165 0.115

P 1.000 0.256 0.272 0.025 0.103 0.119

FL L G 1.000 -0.336 0.113 -0.673** -0.611**

P 1.000 0.083 0.123 -0.365* -0.298

FL W G 1.000 -0.063 0.236 0.074

P 1.000 -0.034 0.142 0.079

SY G 1.000 -0.389** 0.533**

P 1.000 -0.439* 0.500**

HI G 1.000 0.519**

P 1.000 0.499**

GY G 1.000

  P 1.000

*Significant at 5 per cent level and **Significant at 1 per cent level

DFF - Days to 50% flowring, PHT – Plant height, NPT – Number of productive tillers, PL – Panicle length, FG/P – Filled grains per panicle, %F – Per cent fertility, GL – Grain length,

GW – Grain width, L/B – Grain length to breadth ratio, TW – 100 seed weight, FL L – Flag leaf length, FL W – Flag leaf width, SY – Straw yield, HI – Harvest index, GY – Grain yield.
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Table 4. Direct and indirect effects of different yield components as partitioned by path analysis

Characters DFF PHT PT/P PL FG/P %F GL GW L/B TW FL FL SY HI Correlation

with grain

yield

DFF -0.122 -0.063 -0.014 0.048 -0.099 -0.019 0.315 0.268 -0.721 0.113 0.060 -0.035 0.957 -0.407 0.280

PHT -0.031 -0.243 0.019 0.088 0.002 -0.040 -0.154 -0.509 0.957 -0.411 0.129 0.034 0.228 -0.387 -0.320

PT/P -0.053 0.140 -0.033 -0.018 -0.100 0.052 -0.382 0.674 -0.821 0.578 0.007 -0.149 -0.010 -0.075 -0.189

PL -0.022 -0.079 0.002 0.271 -0.102 -0.080 -0.041 -0.254 0.473 -0.130 0.024 -0.072 0.399 0.063 0.453*

FG/P -0.053 0.002 -0.014 0.120 -0.229 -0.041 -0.629 0.142 0.289 0.377 -0.027 -0.040 0.594 -0.005 0.485**

%F -0.025 -0.102 0.018 0.225 -0.097 -0.096 0.590 -0.241 0.066 -0.355 -0.003 0.047 0.487 0.273 0.788**

GL -0.020 0.020 0.007 -0.006 0.076 -0.030 1.907 0.243 -1.931 -0.313 -0.030 0.066 0.448 0.049 0.484**

GW 0.034 -0.127 0.023 0.071 0.033 -0.024 -0.476 -0.974 2.095 -0.702 0.090 0.061 -0.407 0.144 -0.159

L/B -0.035 0.091 -0.011 -0.050 0.026 0.003 1.441 0.799 -2.554 0.283 -0.073 -0.002 0.525 -0.074 0.369*

TW 0.016 -0.113 0.022 0.040 0.098 -0.039 0.678 -0.776 0.821 -0.881 0.068 0.129 -0.073 0.126 0.115

FLL -0.047 -0.201 -0.002 0.042 0.040 0.002 -0.371 -0.563 1.190 -0.382 0.156 -0.082 0.122 -0.516 -0.611**

FLW 0.018 -0.034 0.020 -0.080 0.038 -0.019 0.510 -0.241 0.020 -0.464 -0.052 0.245 -0.068 0.181 0.074

SY -0.108 -0.051 0.000 0.100 -0.126 -0.043 0.791 0.367 -1.240 0.059 0.018 -0.015 1.081 -0.298 0.533**

HI 0.065 0.123 0.003 0.022 0.002 -0.034 0.122 -0.182 0.245 -0.145 -0.105 0.058 -0.420 0.767 0.519**

Residual effect = 0.28; Diagonal and bold indicates the direct effects

DFF - Days to 50% flowering, PHT – Plant height, PT/P – Number of productive tillers per plant, PL – Panicle length, FG/P – Filled grains per panicle, %F – Per cent fertility, GL – Grain

length, GW – Grain width, L/B – Grain length to breadth ratio, TW – 100 seed weight, FL L – Flag leaf length, FL W – Flag leaf width, SY – Straw yield, HI – Harvest index, GY – Grain yield.
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from 30.30% in per cent fertility to 99.50% in days

to 50% flowering. It was high for almost all the

characters except for productive tillers per hill

(33.70%), filled grains per panicle (31.00%), per cent

fertility (30.30%) and flag leaf width (37.60%) where

in moderate heritability was recorded. High value

of heritability for grain yield, plant height, panicle

length, 100 grain weight, spikelet fertility and

harvest index was earlier reported by Ali et al.,

(2013) in 21 saltol QTL introgressed rice lines under

salinity stress condition.

Heritability estimates along with genetic

advance would be more useful in predicting yield

under phenotypic selection than heritability

estimates alone as suggested by Johanson et al.,

(1955). High heritability coupled with high genetic

advance recorded for days to 50% flowering (99.50%,

28.63%), length to breadth ratio (89.10% and

31.12%), 100 grain weight (88.50% and 30.24%),

straw yield per plot (70.90% and 59.93%), harvest

index (73.60% and 37.90%) and grain yield per plot

(81.20% and 61.40%), suggesting preponderance of

additive gene action in the expression of these

characters. Therefore, selection will be effective

through these characters in the segregating

generations. The same trend was reported for length

to breadth ratio, straw yield per plot and harvest

index by Karthikeyan et al. (2010) in a set of 36 rice

genotypes under coastal salinity condition. Fiyaz

et al. (2011) reported high heritability and high

genetic advance for 1000 grain weight and grain yield

per plot in rice genotypes under alkaline soil

condition while Girish et al. (2006) reported the same

for length to breadth ratio in RIL population.

The genotypic and phenotypic correlation for the

15 quantitative traits is presented in Table 3.

Correlation coefficients at genotypic level were

generally of higher magnitude than the

corresponding phenotypic level indicating the strong

association between the characters. In the present

study, grain yield per plot showed positive and

significant correlation with per cent fertility, grain

length, straw yield per plot and harvest index both

at genotypic and phenotypic level. Where as, grain

yield per plot exhibited signif icant positive

correlation with panicle length, filled grains per

panicle and length to breadth ratio only at genotypic

level. Similar findings were earlier reported by

Mohanty et al. (2012) for grain length, panicle length

and grains per panicle in a set of 40 diverse rice

genotypes. Girish et al. (2006) found positive and

significant correlation of grain yield with harvest

index and straw yield per plant in an indica ×

japonica RIL population. Grain yield per plot showed

significant negative association with flag leaf length

at genotypic level. The characters viz., days to 50%

flowering, 100 grain weight, flag leaf width recorded

positive non-significant association with grain yield.

On the contrary, plant height and grain-width

exhibited negative and non-significant association

with grain yield both at genotypic and phenotypic

level.

Path coefficient analysis provides an effective

way of finding out direct and indirect sources of

correlations. It is evident from the values of residual

effect (0.28) that most of the yield and yield

contributing traits were studied in the present

investigation (Table 4). The results indicated that

grain length (1.907) had highest positive direct effect

on grain yield followed by straw yield per plot (1.081)

and harvest index (0.767). Similar observations of

high direct effect of grain length on grain yield was

earlier reported by Mohanty et al. (2012) and of

harvest index on grain yield by Girish et al. (2006)

and Fiyaz et al. (2011). The above traits which

exhibited high positive direct effect and significant

positive correlation with grain yield indicated the

true relationship. Hence, direct selection through

these traits wil l  be effective for grain yield

improvement. Characters viz., panicle length, filled

grains per panicle and spikelet fertility, though

exhibited significant positive associations with grain

yield (r = 0.453, 0.485 and 0.789, respectively), their

direct effect on grain yield was either very low or

negative (0.271, - 0.229 and - 0.096, respectively).

Hence, selection for above traits may not be

rewarding in grain yield improvement.

CONCLUSION

Present investigation revealed that characters

such as panicle length, filled grains per panicle,

spikelet fertility, grain length, straw yield and harvest

index are the important yield components which

showed significant and positive association with

grain yield. However, path analysis study revealed

that characters viz., straw yield, harvest index and

grain length exhibited high correlation with grain

yield through their high positive direct effect. Hence,

selection based on above three characters would

be most effective under coastal salinity condition

for enhancing the grain yield.
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An investigation was carried out to study the effect of T.S.S. (control, 25,30 and 35oB) and pH

levels (3.0,3.5 and 4.0) of must on quality of sapota wine. During this study it was observed that

T.S.S. and reducing sugar content of wine increased with increase in T.S.S. levels. However,

acidity, pH, ascorbic acid, tannin and alcohol did not show any specific trend with respect to

T.S.S. levels. The pH of sapota wine showed increasing trend and acidity showed decreasing

trend with increase in pH levels. However, T.S.S., reducing sugar, ascorbic acid, tannin and

alcohol content of wine did not show any increasing or decreasing trend. In case of tannins

results were non-significant. Among the different combinations of T.S.S. and pH levels,

interaction of T.S.S. 30oB and pH 3.5 was found to be best, as it recorded highest overall quality

score for sensory quality.

(Key words: T.S.S., pH, Quality, Sapota wine)

Sapota (Manilkara achras (Mill) Forsberg) is one

of the prominent dessert fruits, belongs to family

sapotaceae. India is leading producer of sapota and

it is commercially grown in the states such as

Maharashtra, Gujarat, Karnataka, Andhra Pradesh,

Tamil Nadu, and West Bengal. The area under

sapota in India during 2010 - 2011 was 160

thousand ha with a production of 1424 thousand

metric tones. The leading sapota producing states

are Karnataka (26.5%), Maharashtra (22.6%) and

Gujrat (20.2%) during 2010-2011. The area under

sapota in Maharashtra during 2010-2011 was 70

thousand ha with a production of 322 thousand

metric tones, (NHB, 2011).

Sapota is mainly valued as it is a sweet and

delicious fruit and a good source of sugar which

ranges between 12 and 14 per cent. A 100 g of edible

portion of fruit contains moisture (73.7 g),

carbohydrates (21.49 g), protein (0.7 g), fat (1.1 g),

calcium (28 mg), phosphorus (27 mg), Iron (2 mg)

and ascorbic acid (6 mg) as reported by (Bose and

Mitra, 1990).

Fermentation is a viable technique in the

development of new products with modified physico-

chemical and sensory qualities especially flavour

and nutritional components. Alcohol, acetic and

lactic acid fermentations are important from the

point of view of quality in food production. Out of

these, alcoholic fermentation is widely employed for

the preparation of beverages in which alcohol is

major constituent. Fermented beverages have been

known to mankind from time immemorial. The

technology of manufacturing wine from grape is quite

advanced. However, limited information is available

on the preparation of wines from other fruits,

especially sapota with respect to different T.S.S. and

pH levels.

It was therefore thought to utilize sapota fruits

for wine making. The sapota wine industry will help

to generate rural employment and also will give

higher returns to the farmers particularly during

the seasonal glut. Keeping in view of the above facts

the present study was undertaken to study the effect

of T.S.S. and pH levels on chemical composition and

sensory evaluation for production of quality wine.

MATERIALS AND METHODS

The present investigation was conducted at Fruit

Beverages Research Center, Dr. Balasaheb Sawant

Konkan Krishi Vidyapeeth, Dapoli during the year

2011-12. For this study juice was extracted from

the selected ripe sapota fruits of Kalipatti cultivar

(Fig. 1). After treating with 0.1 per cent pectinase

enzyme, juice was kept overnight in cold storage (12o

C). Next day clear juice was obtained by decanting

and used for preparation of must by adjusting the

T.S.S. to 25, 30, 35oB by addition of sugar along

with control (19.6oB) and pH levels were adjusted to

*Corresponding author : E-mail: ajitbhatane@gmail.com



3.0, 3.5, 4.0 by addition of citric acid. The prepared

must of each interaction (1.0 kg) was placed in

fermentation flask and pasteurized at 82o C for 20

minutes and then treated with DAHP and KMS after

cooling as shown in Fig. 2. Then must was subjected

to Saccharomyces cerevisiae yeast (white wine yeast

powder) fermentation to prepare wine. The prepared

wine was analyzed for the chemical composition and

sensory evaluation.

The T.S.S. content of wine was determined by

using Erma hand refractometer. Reducing sugar,

titratable acidity, ascorbic acid and tannin content

were determined as per the procedures described

by Ranganna (1977). Alcohol content in wine was

determined by the method reported by Natu et al.

(1986) and pH was measured on Lab-India pH meter.

The sensory evaluation of wine was done with 20

point score card given by Ough and Baker (1961).

RESULTS AND DISCUSSIONS

Results of the chemical composition of sapota

must are presented in Table 1 to 4. The T.S.S. levels,

pH levels and their interactions showed significant

results with respect to all the chemical parameters

studied except, pH levels in case of tannin content

of wine. The T.S.S. and reducing sugar content of

sapota wine was found to be increased with increase

in T.S.S. levels. It may be the impact of different

T.S.S. levels which were maintained by addition of

sugar in increasing trend. These results were

comparable with the findings of Anand (2003) for

cashew wine. The titratable acidity, pH, ascorbic

acid, tannin, and alcohol content did not show any

particular increasing or decreasing trend. Treatment

T
2
 recorded highest titratable acidity and lowest pH.

It may be due to maximam formation of acids due to

better fermentation at T
2
 level of T.S.S. (25oB), which

can also be confirmed from highest alcohol content

in T
2
 level of T.S.S. (Table 4) due to better

fermentation. No specific trend found in case of

ascorbic acid and tannin content of wine may be

due to reduction in ascorbic acid by oxidation in

varying degree and reduction in tannins by oxidation

of tannins and precipitation with proteins in varying

degree. The alcohol content of wine was found to be

increased from T
1 

to T
2
 and then decreased at T

3

and T
4
 levels of T.S.S. The increase in alcohol with

increase in T.S.S. level was also reported by More

(2010) in karonda wine and Anand (2003) in cashew

apple wine. Increase in alcohol with increase in

T.S.S. level may be due to conversion of reducing

sugars in to alcohol by yeast. Decrease in alcohol

content at T
3
 and T

4
 treatment may be due to the

effect of high concentration of sugars which affects

yeast activity and ultimately the conversion of sugars

to alcohol.

In case of pH levels studied the pH of wine

showed increasing trend and titratable acidity

showed decreasing trend with increase in pH levels

of must. As the titratable acidity is inversely

proportional to pH, decreasing trend in acidity was

observed. These observations are in accordance with

the findings of Sonar (2002) in jamun wine and

Roodagi (2010) in pineapple wine.

The T.S.S., reducing sugar, ascorbic acid,

tannin and alcohol content of wine did not showed

any increasing or decreasing trend with increase in

pH levels of must. Treatment P
2
 recorded lowest

T.S.S. and reducing sugars and highest alcohol

content. This may be due to better multiplication of

yeast and conversion of sugar into alcohol at P
2
 pH

level (3.5 pH). Jagtap (2010) also reported better

SAPOTA FRUITS

ò

Removal of diseased, cracked, malformed fruits

ò
Washing of fruits

ò
Peeling of fruits with knife

ò
Cutting of flesh into small pieces and extraction of juice

ò
Staining of juice

ò
Pectinase enzyme treatment (0.1%)

ò
Storage of juice over night at 120C

ò
Decanting of clear juice and discarding the sediments

ò

CLEAR JUICE

Fig.1. Extraction of juice from sapota fruits
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fermentation at 3.5 pH of must in case of jamun

wine. The reason behind no trend in ascorbic acid

and tannin content of wine was same as mentioned

earlier in case of effect of T.S.S. levels. Roodagi

(2010) also reported no trend in ascorbic acid

content with respect to pH levels in pineapple wine.

In case of interactions of T.S.S. and pH levels,

lowest T.S.S., pH and tannin content was observed

in the treatment combinations T
1
P

2
, T

3
P

1
and T

2
P

3
,

respectively. The lowest reducing sugar (0.01%) was

observed in treatment combinations T
1
P

1
, T

1
P

2
, T

1
P

3
,

T
2
P

2
 and T

2
P

3
. The maximum acidity and alcohol

content were observed in the treatment

combinations T
3
P

1
 and T

2
P

3
, respectively. The

maximum ascorbic acid content was observed in

treatment combinations T
2
P

1 
and T

3
P

3
.

Considering overall quality score (average score)

of sensory evaluation it was observed that the wine

prepared from interaction T
3
P

2
 (30oB and 3.5 pH)

fetched the highest score of 15 for overall quality

and rated as standard wine along with the wine

prepared from T
2
P

2
, T

3
P

1
, T

3
P

3
 and T

4
P

2
. These wines

compared well with reference wine. Wines from rest

of the interactions were rated as commercially

acceptable wines as their scores fell within the score

range of 9 to 12 (Table 5).

Preparation of wine

ò

Juice

Adjust T.S.S. and pH

ò
Pasteurize at 82oC for 20 min.

ò
Cool to room temperature

ò
Add 0.1% DAHP and  KMS equivalent to 30 ppm SO

2

ò
Incubate at room temp

ò
Fermentation

ò
Dismantle the fermentation assembly after

cessation of foaming and bubbling.

ò
Pasteurize at 78oC for 20 min.

ò
Add bentonite @ 0.1g/100 ml wine

ò
Keep at 12oC for7 days

ò
Siphoning after 7 days

ò

Clear sapota wine

Fig. 2. Preparation of wine from sapota must

Inoculation

Preparation of inoculum

ò

Add yeast powder (Saccharomyces cerevisiae )

@ 0.30 g / litre of must in 3.0 ml luke warm water

ò

Incubate for 1 hour at room temp.

ò

Inoculum ð ð
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From the present findings it can be concluded that

standard quality wine can be prepared from ripe sapota

fruit juice by adjusting T.S.S. of must to 25oB with 3.5

pH or by adjusting T.S.S of must to 30oB with 3.0, 3.5

Table 1. Effect of T.S.S. and pH levels on T.S.S. and reducing sugar content of sapota wine

T.S.S. (o Brix) Reducing sugars (%)

T.S.S. levels

pH levels T1 T2 T3 T4 Mean T1 T2 T3 T4 Mean

(19.6o B) (25o B) (30o B) (35o B) (19.6o B) (25o B) (30o B) (35o B)

P1(3.0) 9.10 11.10 18.00 23.03 15.30 0.01 0.87 2.30 2.58 1.44

P2(3.5) 8.00 9.60 15.20 22.10 13.72 0.01 0.01 2.20 2.47 1.17

P3(4.0) 8.40 8.60 14.20 24.00 13.80 0.01 0.01 1.98 3.29 1.32

Mean 8.50 9.76 15.80 23.04 14.27 0.01 0.29 2.16 2.78 1.31

SEm + CD at 1% SEm + CD at 1%

T.S.S. levels (T) 0.089 0.355 0.003 0.015

pH levels  (P) 0.077 0.307 0.033 0.013

Interactions (T x P) 0.155 0.615 0.006 0.026

Table 2. Effect of T.S.S. and pH levels on titratable acidity and pH of sapota wine

Titratable acidity (%) pH

T.S.S. levels

pH levels T1 T2 T3 T4 Mean T1 T2 T3 T4 Mean

(19.6o B) (25o B) (30o B) (35o B) (19.6o B) (25o B) (30o B) (35o B)

P1(3.0) 2.30 2.30 2.43 1.73 2.19 3.14 3.15 3.13 3.16 3.14

P2(3.5) 1.60 1.79 1.41 1.45 1.56 3.53 3.55 3.63 3.55 3.56

P3(4.0) 0.83 1.15 0.95 0.84 0.94 3.96 3.87 3.95 3.97 3.93

Mean 1.57 1.74 1.59 1.34 1.56 3.54 3.52 3.57 3.56 3.54

SEm + CD at 1% SEm + CD at 1%

T.S.S. levels (T) 0.019 0.078 0.007 0.028

pH levels  (P) 0.017 0.068 0.006 0.024

Interactions (T x P) 0.034 0.136 0.012 0.048

and 4.0 pH or by adjusting T.S.S. of must to 35oB with

3.5 pH. Among these interactions T
3
P

2
 (T.S.S 30oB and

pH 3.5) was found to be best as it recorded highest

overall quality score from sensory evaluation.

Table 3. Effect of T.S.S. and pH levels on ascorbic acid and tannin content of sapota wine

Ascorbic acid (mg/100g) Tannins (%)

T.S.S. levels

pH levels T1 T2 T3 T4 Mean T1 T2 T3 T4 Mean

(19.6o B) (25o B) (30o B) (35o B) (19.6o B) (25o B) (30o B) (35o B)

P1(3.0) 2.91 3.74 3.32 2.91 3.22 0.041 0.042 0.048 0.044 0.043

P2(3.5) 2.91 3.32 3.32 2.91 3.11 0.045 0.043 0.046 0.045 0.044

P3(4.0) 2.91 3.32 3.74 3.32 3.32 0.042 0.039 0.047 0.045 0.043

Mean 2.91 3.46 3.46 3.04 3.21 0.042 0.041 0.047 0.044 0.043

SEm + CD at 1% SEm + CD at 1%

T.S.S. levels (T) 0.005 0.023 0.0005 0.0020

pH levels  (P) 0.005 0.020 0.0004 N.S.

Interactions (T x P) 0.010 0.040 0.0009 0.0036
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Table 4. Effect of T.S.S. and pH levels on alcohol contents in sapota wine

Alcohol (%)

T.S.S. levels

pH levels T1(19.6o B) T2(25o B) T3(30o B) T4(35o B) Mean

P1(3.0) 7.43 9.19 10.03 9.97 9.16

P2(3.5) 9.20 11.77 10.93 10.99 10.72

P3(4.0) 8.29 12.68 12.07 9.19 10.55

Mean 8.31 11.21 11.01 10.05 10.14

SEm + CD at 1%

T.S.S. levels (T) 0.005 0.021

pH levels  (P) 0.004 0.018

Interactions (T×P) 0.009 0.038

Table 5. Sensory evaluation of sapota wine

Sr. No. Treatments Colour and Body Aroma Taste Astringency Overall Overall quality

Appearance acceptability (Average score)

1 T1 P1 12 8 8 8 11 7 9

2 T1 P2 13 11 8 8 8 8 9

3 T
1
 P

3
13 9 6 7 8 8 9

4 T
2
 P

1
13 12 12 12 12 12 12

5 T
2
 P

2
13 13 12 12 12 12 13

6 T
2
 P

3
13 14 12 12 11 12 12

7 T3 P1 13 14 13 14 13 14 14

8 T3 P2 14 15 14 15 14 15 15

9 T3 P3 14 15 13 13 12 13 13

10 T4 P1 14 12 13 11 12 11 12

11 T
4
 P

2
14 14 12 12 12 12 13

12 T
4
P

3
13 12 11 11 11 11 12

13 Reference 16 16 14 14 15 16 15

Score Range Rating

9-12 Commercially acceptable wines

13-16 Standard wines

17-20 Superior quality wines
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Rice is generally grown by transplanting seedlings in puddled field conditions. The cost of

puddling and transplanting shares 50% of total production cost. Considering the geographic

limitations of Konkan region i.e. smaller plot size and hilly terrain, it was necessary to check

the feasibility of manually operated transplanter. It was observed that farmers were not willingly

ready to have mat type nursery. It was necessary to have a transplanter to be used with the

regular seedlings being prepared by farmers. Such type of transplanter (cranking type manually

operated) was taken under this study. The field performance of the transplanter was conducted

in the puddled field. The result reveals that, average plant to plant spacing was 13.5 cm. Planting

depth during testing was 3.25 cm. The numbers of seedlings per hill were 5. The numbers of

hills in one square meter area were found as 35 hills m-2. The average field capacity of the

machine was found to be 0.029 ha hr-1. The field efficiency of machine was found to be 95.35%.

For ergonomic evaluation of manually operated paddy transplanter six subjects were selected.

The average age, weight and stature of the subjects were 26.2 years, 63.5 kg and 167.5 cm,

respectively. The working heart rate (HR), oxygen consumption (VO
2
) and energy expenditure

(EER) were 129.18 beats min-1, 1.4 l min-1 and 29.22 kJ min-1, respectively. The value of work

pulse (∆∆∆∆∆HR), overall discomfort rating (ODR) and body part discomfort score (BPDS) were 39.97

beats min-1, 5.83 and 6.5, respectively, which indicated that the manual operated rice transplanter

operation was under ‘heavy’ workload category.

(Key words: Energy expenditure, Oxygen consumption, Rice transplanter, Work pulse)

Rice (Oryza sativa L.) is one of the leading food

crops in the world and is second after wheat in terms

of annual for food consumption. In Asia, more than

90 per cent of the global rice is produced and

consumed. Being the staple food for more than 62

per cent of people, our national food security hinges

on the growth and stability of its production. India

has largest area under rice (42.6 million hectares)

and with the production of about 103.4 million

tonnes it ranks second only to China with

productivity of about 2240 kg ha-1 during the year

2011-2012, whereas Maharashtra has 15.14 lakh

ha under rice cultivation with rice production of

about 27.12 lakh tonnes and productivity is 1.8

tonnes ha-1 during the year 2011-12 (Kumar, 2013).

Rice is staple food of Konkan region of Maharashtra.

It is grown on 4.136 lakh ha with production of 10.42

lakh tonnes and productivity is 2.56 tonnes ha-1

(Thaware et al., 2008).

In Konkan region, terrace farming with wet land

cultivation is followed for paddy crop due to

undulating and small size field. Transplanting refers

to the planting of 20-22 days old seedlings of 12-15

cm height under wet land condition. The seedlings

are raised in nursery and uprooted for transplanting.

The cost of puddling and transplanting shares 50%

of total production cost (Shahare and Bhat, 2011).

Manual transplanting is one of the labour intensive

operation comprising of nursery raising, uprooting

of the seedlings and transplanting them in the main

field, with total labor requirement of about 250-350

man- hours ha-1 (Behera et al., 2009). Now a days

due to rapid industrialization the availability of

labourers has become very scarce, so delay in

transplanting reduce the profit to farmers. The

mechanical transplanting of rice would be a

promising option, to save labour and ensure timely

transplanting, but it has some limitations such as

smaller plot size, undulating topography of land and

high initial cost. Problems arise while shifting the

machine from one plot to the neighboring plot

because of bunds and terracing. Considering the

geographic limitations and the small field size of

Konkan region, it was necessary to check the
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feasibility of manually operated transplanter.

Previously, the manually operated two rows (stroke

type) transplanter was tested. The issues of improper

picking of seedlings, more missing hills, etc. were

noticed. Also for self propelled and manually

operated transplanters, mat type nursery was

compulsory. It was observed that farmers were not

willingly ready to have mat type nursery. It was

necessary to have a transplanter to be used with

the regular seedlings being prepared by farmers.

Such type of transplanter (cranking type manually

operated) was available hence, study on the field

performance and ergonomic evaluation of manually

operated (cranking type) transplanter was undertaken.

MATERIALS AND METHODS

The various functional components of the

manually operated cranking type rice transplanter

were main frame, picking cum transplanting

mechanism, tray, power transmission unit, float and

handle. The specifications of machine are as given

in Table 1.

Working of manually operated cranking type rice

transplanter

The manually operated cranking type rice

transplanter could plant two rows of seedlings at a

time. A handle was provided with chain sprocket

arrangement to the transplanter. The float ensures

floating of transplanting assembly on the puddled

soil and also avoids the sinking of machine.

Transplanting was done by the pulling the machine

by one hand in backward direction, while another

hand was used for cranking. The root washed

seedlings were kept in the tray in two rows placed

across the tray having roots of rows in.

Transplanting was carried out with two mechanisms

working simultaneously viz. seedling picking

mechanism and pushing mechanism. Picking

mechanism as its name suggests, picked 3-4

seedlings from the tray and pushing mechanism

pushed them in the puddled soil as to stand them

erect.

Nursery raising

Well drained site was selected for preparation

of raised bed, field was levelled and raised beds of

size 20x1 m2 were prepared having height as 15-20

cm. The trenches of 15-20 cm in between two raised

beds were made to drain the excess water or to

irrigate the beds as per requirements. These beds

were prepared using the tractor. The small furrows

were made on the bed with help of hoe. The depth

of furrows was kept 3 to 5 cm and distance between

was 5 to 7 cm. The paddy seed was sowed along

with fertilizer in the furrows manually. On each bed

having size 20x1 m2, 1/2 kg seed was sowed,

maintaining uniformity in seed placement by trial

and error. Water was applied to the field through

the trenches made between the two beds. As seeds

sprouted, nylon net was spread over the field for 3

to 4 days for protection from the birds. In this way,

nursery was raised on six beds having total area of

120 m2.

Methodology for measurement of performance

parameters

The performance testing of manually operated

two row rice transplanter was carried out at

Agronomy farm of Dr. B.S.K.K.V, Dapoli in two trials.

The first trial was conducted on 26th July 2014

while the second trial was conducted on 11th

November 2014. The field sizes for the first and

second trials were of 20x10 m2 and 20x15 m2,

respectively. The field was prepared using rotavator

with depth of tilling kept at 15 cm. Puddling was

carried out with the help of power tiller and the

average depth of puddling was 15 cm (Dixit et al.,

2007). After puddling, the soil was allowed to settle

for 48 hours and transplanting was done in the

settled puddle. Seedlings having age 30 days, height

17.5 cm and average 5 number of leaves were used

for transplanting during the first trial while the

seedling age, height and number of leaves were 43

days, 16 cm and 4 numbers, respectively during

the second trial. The root washed type seedlings

were separated from each other and stacked

uniformly keeping roots at one side. Those seedlings

were transplanted using the manual transplanter

(cranking type).

Puddling index

Soil water suspension sample were collected

during last lap of puddling from different locations.

Table 1. Detail specifications of cranking

type rice transplanter

Sr. Particulars Specification

No.

1 Weight, kg 18

2 Length, mm 750

3 Width, mm 450

4 Height, mm 900

5 Row to row distance, mm 250

6 Float type Wooden

7 Drive mechanism Chain and sprocket
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Samples were collected in a measuring cylinder up

to the volume 1000 ml. The soil suspension was

allowed to settle for 48 hours and volume of soil

settled was recorded. Then the puddling index was

determined by using following formula.

Puddling index (PI) = Vs/V

where,

Vs= Volume of soil, ml

V = Total volume of the sample, ml

Field efficiency

Theoretical field capacity was calculated based

on the forwarded speed and the width of the

equipment. Actual field capacity was calculated

based on area covered, and actual time taken for

covering the area including the time lost in turning

and loading of seedlings. Field efficiency was

obtained by dividing actual field capacity by the

theoretical field capacity.

Ergonomical evaluation

Ergonomic evaluation was carried out to find

working heart rate (HR), oxygen consumption (VO
2
),

energy expenditure (EER), body part discomfort

score (BPDS) and overall discomfort rating (ODR)

etc. of the worker during operation of transplanter.

Before conducting the trial, all selected subjects

(male workers) were calibrated to determine the

linear relationship between HR and VO
2
. Subjects

were selected from 20 to 35 year age group because

maximum strength and power can be obtained this

age group (Gite and Singh, 1997). In calibration of

subjects, computerized bicycle ergometer was used

as loading device and mobile breath by breath

metabolic system (model k4b2) was used to measure

the OCR. K4b2 unit had transmitter and receiver

unit. Transmitter unit being portable was fixed to

the subject on his/her back using an anatomic

harness. The transmitter unit consisted of the

oxygen (O
2
) and carbon dioxide (CO

2
)
 
analyzers,

sampling pump, barometric sensors. It was powered

by the rechargeable battery fixed to the back side

of the harness. K4b2 was also provided with a small

display, the transmitter unit shows in real time

parameters as VO2, HR, battery charge level,

temperature and barometric pressure etc. The

receiver unit was connected to a PC through the RS

232 serial port. The transmission was achieved by

a miniaturized transmitter module located inside

the portable unit. The ergonomic evaluation was

conducted simultaneously with field performance.

The minimum and maximum temperatures were 27

and 29oC, respectively and the relative humidity was

62%. The information about experiment was given

Table 2. Details of field condition and plant parameters

Sr. No. Items Test 1 Test 2

1 Variety of Paddy Ratnagiri-24 Ratnagiri-1

2 Type of Nursery Root wash Root wash

3 Soil type of seed bed Laterite Laterite

4 Area of field (m2) 200 300

5 Puddling index (%) 76 72

6 Interval between puddling and transplanting (hr) 48 48

7 Depth of water at the time of transplanting (cm) 4 4.2

8 Age of seedlings (days) 30 43

9 Leaf stage 5 leaves per seedling 4 leaves per seedling

10 Height of seedling (cm) 15-20 (17.5) 14 to 18 (16)

11 Size of seedlings (thickness at the base of shoot, mm) 3 4

12 Length of seedling (mm) 170 180

Fig.1. Cranking type manual operated transplanter in operation
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to subjects so as to ensure their full co-operation.

Heart rate monitor was used for recording heart rate

values in beats per min.

Each subject was given 30 minutes rest (sitting

in shade) before starting of trial. Each trial was

started taking 10 min resting HR data of the subject.

The average resting HR was computed and recorded

for each subject. After resting each subject was

asked to perform work with transplanter for 15-20

minutes, during that period heart rate values were

recorded. The recorded HR values were downloaded

to the computer. The average heart rate from 6th to

15th min. of operation was used as working heart

rate for the further calculation and analysis. After

20 min operation with transplanter, each subject

was asked to indicate the ODR level on the 10- point

rating scale. The values were tabulated and

averaged, simultaneously BPDS of each subject was

measured and averaged to get mean score (Corlett

and Bishop, 1976). The same procedure was adopted

for all the selected subjects. From the values of

working HR recorded during the trials,

corresponding values of VO
2
 were predicted from

the calibration chart. The EER was computed by

multiplying the VO
2
 value with calorific value of

oxygen as 20.88 kJ l-1 (Nag et al., 1980) for each

individual subject.

RESULT AND DISCUSSION

Field and plant parameters

Various field parameters and plant parameters

required for transplanting were studied and are

listed in Table 2. The values of puddling index during

first field trial were 76%, 78% and 74% with average

value of 76% and that of during second field trial

were 73%, 69% and 72% with average value of 72%.

The results from Table 3 revealed that, average

plant to plant spacing, planting depth, seedlings per

hill, numbers of hills in one square meter and

missing hills per m2 were 13.5 cm, 3.25 cm, 5, 35

and 6 respectively. Total t ime required for

transplanting 20x10 m2 plot was 38.39 min,

whereas, that for the plot having size 20x15 m2 was

63.51 min. The field capacities of the machine were

found to be 0.0312 and 0.0283 ha h-1, respectively

for first and second trial. The average field capacity

Table 3. Performance parameters of the two row transplanter

Sr. No. Items Test 1 Test 2 Average

1 Depth of water at the time of transplanting(cm) 4 4.2 4.1

2 Puddling index, percent 76 72 74

3 Operating speed (km h-1) 1.3 1.2 1.25

4 Planting distance (cm) 13 14 13.5

5 Planting depth (cm) 3.5 3 3.25

6 No. of seedlings hill-1 6 4 5

7 No. of hills m-2 36 34 35

8 Missing hills m-2 6 6 6

9 Time required for planting (h ha-1) 37 40 38.5

10 Time required for turning (h ha-1) 1.19 1.22 1.20

11 Time required for feeding (h ha-1) 0.207 0.2933 0.25

12 Time required for separating seedlings (h ha-1) 23.33 24.00 23.66

13 Total time of operation (h ha-1) 61.72 64.846 63.28

14 Field capacity (ha h-1) 0.0162 0.01542 0.015

15 Theoretical capacity (ha h-1) 0.032 0.030 0.031

16 Field efficiency (%) 50.6 51.4 51

17 No. of person required for operating machine 1 1 1

Fig.2. Field after transplanting
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Table 4. The physical characteristics and physiological parameters of the selected subjects

Subject No. Age (years) Stature (cm) Body weight (kg) Max HR (beats min-1) VO
2
 max (l min-1)

1 33 160 63 187 2.9

2 21 160 60 199 2.8

3 21 177 75 199 3.0

4 20 183 64 200 3.7

5 33 165 68 188 2.2

6 29 160 51 191 2.8

Average 26.16 167.5 63.5 194 2.9

SD 6.21 10.05 5.5 5.33 0.3

Table 5. Ergonomical parameters of all selected subjects in the study

Subject WHR VO
2

EER VO
2

∆ HR ODR BPDS

No. (beats min-1) (l min-1) (kJ min-1) max (%) (beats min-1)

1 100.9 0.90 18.79 30.46 19.20 5 5

2 141.8 1.47 30.69 51.95 44.36 6 7

3 141.4 1.68 35.07 56.28 42.21 5 6

4 129.4 1.55 32.36 42.25 44.49 7 8

5 131.9 1.25 26.1 51.70 42.41 6 8

6 129.7 1.55 32.36 48.75 47.20 6 5

Mean 129.18 1.4 29.22 46.89 39.97 5.83 6.5

SD 14.94 0.28 5.91 9.29 10.34 0.75 1.38

WHR = Working Heart Rate, VO2 = Oxygen Consumption in Volume

VO2 max = Maximum Oxygen Consumption in Volume, EER = Energy Expenditure Rate

∆HR = Work Pulse (Difference between resting HR and working HR)

ODR = Overall Discomfort Rating, BPDS = Body Part Discomfort Score

was found to be 0.029 ha h-1. Hence, average time

required to cover one ha was 34.5 h. The field

efficiency of machine was found to be 96.3 and

94.4% during first and second trials, respectively.

The average field efficiency was found to be 95.35%.

As per Kumar and Kumar (2012), the average

field capacity of 4 row manual rice transplanter of

CRRI, Cuttack was found to be 0.025 ha h-1.

Similarly as per Singh et al. (1985) the field capacity

of IRRI manual rice transplanter was 0.034 ha h-1.

Both CRRI and IRRI models were having mat type

of nursery. While for the present transplater the

root washed type nursery, traditionally grown by

farmers was used.

Physiological response to the manual operated

rice transplanter

The physical characteristics, maximum HR and

corresponding VO
2
max of the selected subjects are

given in Table 4. The HR readings of subjects from

6th to 15th minute were considered for the

calculation of EER. It was revealed from Table 5

that the mean value of working heart rate of all the

selected subjects was 129.18 beats min-1 and the

mean value of corresponding VO
2 

was 1.4 lmin-1.

The average value of EER of all selected subject was

29.22 kJ min-1. Considering HR as criterion the work

load was under ‘heavy category’ while considering

EER as criterion the workload was in ‘moderately

heavy category’ (Christensen, 1953). The workload

category as ‘heavy’ and ‘moderately heavy’ were due

to simultaneous backward pulling and cranking

actions associated with the operation of paddy

transplanter with additional efforts required to walk

in puddled field. The values of ODR were in the range

5 to 7 with its mean 5.83, which indicated ‘more

than moderate discomfort’. While the mean value

of BPDS was 6.5.

The achieved hill to hill spacing of 13 to 15 cm

at backward speed of machine (1.25 km h-1) and

row spacing of 25 cm, picking 4 to 5 seedlings by

the arm in a stroke indicated that the transplanter

works satisfactoryly to achieve desired plant

population of 128 m-2 against 100 m2 of the

theoretical plant population. Planting depth during

testing was 3.25 cm. The numbers of hills per square
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meter area were 35. Total time required of operation

of the first trial was 38.93 min and for second trial

was 63.51 min. The average field capacity and field

efficiency of transplanter were found to be 0.029

ha h-1 and 95.35%, respectively. The present manual

transplanter was operated with root washed type

nursery being mostly gown by farmers since long

time back. While specially made mat type of nursery

was the prerequisite for various commercially

available manual transplaters; the stroke type

transplanter was welcomed by most of farmers. The

average working HR, OCR and EER of subjects were

129.18 beats min-1, 1.4 lmin-1 and 29.22 kJ min-1

respectively. The transplanting operation was found

to be in ‘heavy’ workload category as cranking and

pulling was being performed simultaneously and

continuously in addition to that the operator walked

backward in the puddled field.
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Dehusking is the process of removing the outer covering called husk from the coconut to get two

important commercial products such as copra or dried kernel and fibers or coir. Dehusking constitutes

the most difficult and tedious operation in the processing of coconut. Traditional methods of

dehusking are quite time consuming as well as involve risk. Manual dehusking is not only hard and

dangerous but requires considerable skill, strong wrist and arm. Motorized and hydraulic coconut

dehusking machine are commercially available in market but cost of this machine is a limiting

factor. A low cost, medium speed coconut dehusker is developed at Dr. Balasaheb Sawant Konkan

Krishi Vidyapeeth, Dapoli. It consists of main frame, electric motor, gear box, cam and follower,

lifter, holding mechanism and splitting mechanism etc. The power from electric motor was transmitted

to gear box. The coconut is fitted in two jaws, developed for holding nuts both side. The cam fitted

on gear box shaft operates lifter and blade for cutting coconut at outer periphery. Coconut has to

rotate by operator for 3-4 cuts on coconut periphery to loosen husk. The performance evaluation

was carried on the basis of dehusking time, output capacity, dehusking efficiency and operating

cost etc. The machine is able to dehusk any shape and sizes of coconut without nut breakage. The

average dehusking time required to dehusk one coconut was 30.6 sec and output capacity was 118

nuts per hours, which is 40 per cent higher than the manual dehusker. The average dehusking efficiency

of developed power operated dehusker was 96.62 per cent. The cost of fabrication of machine was Rs.

13882 and total operating cost for dehusking for one coconut was Rs. 0.32 per coconut.

(Key words: Coconut dehusker, Dehusking efficiency, Operating cost)
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Coconut (Cocos nucifera) is one of the world’s

most useful and important perennial plant. An

individual coconut fruit is made up of an outer

exocarp, a thick fibrous fruit coat known as husk,

the hard protective endocarp or shell called “eyes”

are at one end of the nut. Coconut palms are grown

in more than 93 countries of the world, with a total

production of 5.4 billion tons per year. India is the

third largest coconut producing country in terms of

area and production. Traditional areas of coconut

cultivation in India are the states of Kerala, Tamil

nadu, Karnataka, Goa, Andra Pradesh, Odisha, West

Bengal, Pondicherry, Maharashtra and the Islands of

Lakshdweep and Andaman and Nicobar. Maharashtra

ranks seventh in area and production. The area

covered under the coconut cultivation in the

Maharashtra is around 21,000 hectares and

production of coconut is 187.56 million nuts with 8931

nuts per hectares. (Jayavel and Dharmalingam, 2011).

Separation of its husk from the nut (dehusking)

constitutes the first, most difficult and dangerous

operation in its processing. Dehusking is the process

of removing the outer covering called husk from the

coconut to get two important commercial products

such as copra or dried kernel and fiber or coir

(Nwankwojike et al., 2012).

Traditionally the dehusking of coconut is done

with sickle or koyta. It is quite time consuming, risky

and involve drudgeries. This traditional method

poses threat and unsafe to the life of people involved.

Many times during dehusking, husk usually bounces

back on body parts. Sometimes hands, face and

other body parts injured. The use of inverted spear

is other method, where nut is impacted on spear

and then rotated simultaneously. Manual dehusking

process requires hitting and impacting of coconut

sharply down on blade, twisting to one side,

loosening the husk and detaching the fibres from

the shell. This action is repeated several times until

the entire fibres are removed. This increases the

discomfort, waist pain when the work is performed

longer. There is a potential danger of finger injury if

there is any loss of concentration. Thus the work of

coconut dehusking is not only hard and dangerous

but requires considerable skill, practice and strong

wrist and arm. Motorized and hydraulically operated

coconut dehusking machine are commercially

available in market but they are costly. These

machines are of foreign origin, requires high

investment and high maintenance (Nijaguna, 1988;

Ghosal and Mohanty, 2011; 2012).



Thus the work of coconut dehusking is not only

hard and dangerous but requires considerable skill,

practice and strong wrist and arm. Since dehusked

coconut is an important material of commerce,

dehusking needs to be mechanized and this study

has therefore taken up.

MATERIALS AND METHODS

Construction detail of power operated coconut

dehusker

A coconut dehusker has been developed which

is an electric motor operated machine. For dehusking

coconut, it is held horizontally in the holding jaws.

After switching on the motor, the blades penetrate

in the coconut while moving upward at the same

time splitting action is done. The coconut is rotated

and further cuts on periphery of coconut obtained

by upwards movement of blade. The splitting

mechanism split the coconut husk available on

outside the nut. The procedure is repeated 3-4 times

for loosening the husk. Then the coconut is taken

out from jaws and loosened husk from the nut is

removed by hand.

The various functional components of power

operated coconut dehusker are as follows.

1. Main frame

2. Electric motor

3. Gear box

4. Cam

5. Lifter

6. Holding mechanism

7. Cutting blades

8. Splitting mechanism

The coconut dehusker consists of the

rectangular shape M.S. angle frame (Fig. 1). The

overall length, width and height of main frame are

620, 465 and 785 mm respectively. The electric

motor of single phase, 1 hp having 1440 rpm is fitted

at the bottom of frame with gear box. The gear box

having 40:1 reduction ratio is selected for reducing

the speed up to 36 rpm. The cam is attached to the

gear box shaft which transmits the reciprocating

power to the lifter. The lifter moves upward and

downward by the cam and follower. For support the

lifter is enclosed with the guider. For dehusking,

the husk is splitting mechanism. Two cutting blades,

one is fixed to the lifter and other is movable, which

is connected to vertical round bar through a

connecting rod lever mechanism. During the

dehusking coconut is hold horizontally in to a

holding mechanism having two spike jaws, one jaw

is spring loaded and lever helps for horizontal

movement. Another jaw is fixed on platform.

The power is transmitted to cam and finally to

cutting and splitting mechanism. The dehusking

blades on lifter penetrate in the husk and split the

coconut by splitting mechanism. For further cuts

on periphery, coconut has to rotate by operator. The

loosen coconut is taken out from jaws and husk and

nut is separated. The developed coconut dehusker

in working condition is shown in Fig. 2.

Fig. 1. Developed power

operated coconut dehusker
Fig. 2. Working of developed

dehusker

Performance evaluation of coconut dehusker

For testing the performance, two different tests

were conducted, i.e. performance of dehusker for

ungraded coconuts (initial tests) and performance

test for graded coconuts. During initial test, the

performance of dehusking machine was tested for

hundred randomly selected ungraded coconut

samples to check the working of newly developed

machine. After getting encouraging performance it

was decided to test the developed machine in detail.

For this test the coconuts were graded into different

size viz. small, medium and large. Accordingly they

were designated into grade ‘A’, grade ‘B’, and grade

‘C’. For each grades total sixty samples were selected

(cv. Banvali). The observations viz. total time required,

weight of total husk available on coconut, weight of

husk removed, were taken and dehusking efficiency

was determined.

The time required for dehusking the coconut

with developed machine was measured using stop

watch. The dehusking capacity of machine was

determined from the average dehusking time
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required to dehusk the coconut. It is measured in

nuts per hours. The dehusking efficiency of power

operated coconut dehusker was calculated by using

the following formula,

118 nuts per hours. The machine works in

satisfactory manner and resulted in to average

dehusking efficiency was 96.62 per cent.

Thus the machine gave encouraging

performance. No damage and slippage of coconut

were observed throughout the testing period. This

indicated that cutting and gripping mechanism of

developed machine worked well.

Performance of developed dehusker for graded

coconuts

For this test the size of grade ‘A’ was ranging

between 115 to 135 mm, grade ‘B’ 136 to 155 mm

and grade ‘C’ in the range of 156 to 175 mm.

Dehusking time was different for different grade of

coconut. The average dehusking time for grade ‘A’ ,

grade ‘B’ and grade ‘C’ coconut were 29.15, 28.28

and 30.58 sec., while average output capacity was

125, 130 and 115 nuts per hours respectively. This

indicated the higher dehusking time resulted into

low output capacity and vice versa. There was

difference in sizes of coconut hence variation in

dehusking efficiency was obtained. The higher

dehusking efficiency was observed of grade ‘C’

coconut which is 95.79 per cent, followed by grade

‘A’ and grade ‘B’ coconut being 95.58 and 94.81 per

cent respectively (Table 1).

Dehusking  efficiency =

   weight of husk obtained  

 x  100
                                         after dehusking

                                  weight of total husk

                                    present in the coconut

Table 1. Performance of developed dehusker for graded coconuts

Grade Dehusking time (sec) Output capacity (Nuts hours-1) Dehusking efficiency (per cent)

A 29.15 125 94.81

B 28.28 130 95.58

C 30.58 115 95.79

Table 2. Cost of dehusking per coconut of developed coconut dehusker

Sr. No. Particulars Developed dehusker (Rs hr-1)

1. Fixed cost

   a) Depreciation 2.62

   b) Interest 8.70

   c) Insurance and taxes 0.276

   d) Housing Total fixed cost 0.207

      Total fixed cost 11.80

2. Variable Cost

   a) Operators cost 20

   b) Repair and maintenance cost 0.6911

   c) Electricity charges Total variable cost 6

      Total variable cost 26.69

3. Total cost of operation 38.49

(Fixed cost + variable cost)

4. Cost of dehusking per coconut Rs. 0.32 per coconut

At first the husk was weighted on the weighing

balance after dehusking on the dehusker. Then the

remaining husk present in coconut was removed

completely from the dehusked coconut manually to

know the total weight of husk (Ghosal et al., 2011).

RESULTS AND DISCUSSIONS

Performance of developed dehusker during initial test

During initial test, the performance of dehusking

machine was tested for hundred randomly selected

ungraded coconut samples (cv. Banvali).

The variation of dehusking time is observed due

to variation in sizes of coconut. The average

dehusking time was found to be 30.66 sec. The

dehusking capacity of machine was determined from

average dehusking time required to dehusk the

coconut and average output capacity of machine was
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Coconuts of grade ‘B’ gave highest dehusking

capacity indicated suitability of ‘B’ grade coconuts

for the developed machine for maximum capacity.

Incomplete development of f iber structure,

thickness and insufficient reach of blade might be

responsible for lower value of capacity with ‘C’ grade

coconuts. However higher surface area and thickness

might have resulted in to higher dehusking time and

lower capacity with ‘C’ grade nuts.

Operat ing cost  o f  power  operated coconut

dehusker

Considering the prevailing rates of materials,

the cost of fabrication of prototype was estimated

as Rs.13822 (Table 2). For operating cost of machine,

the life of machine was considered as 5 years, with

an annual use of 1000 hours. The cost of operation

of machine per hour was found to be Rs. 38.49 for

newly developed power operated dehusker while the

cost of dehusking per coconut is Rs. 0.32 per

coconut.

CONCLUSIONS

The performance of power operated coconut

dehusker was satisfactory. The developed dehusker,

dehusks coconuts without nut breakage and without

cutting the useful coir fibers. The best performance

of machine was observed with grade ‘B’ coconut,

having the output capacity of 130 coconuts per hour

which was 13.04 per cent higher than grade ‘A’ and

4 per cent higher than grade ‘C’ coconuts. The

maximum dehusking efficiency of developed power

operated coconut dehusker was obtained with grade

‘C’ coconuts (95.81 per cent), which was 1.04 per

cent and 0.25 per cent higher over ‘A’ and ‘B’ grades

coconut respectively. The cost of fabrication for the

developed power operated coconut dehusker was

Rs. 13822 and the total operating cost for dehusking

the coconut is Rs. 38.49 per hour. The cost of

dehusking the one coconut with power operated

dehusker was Rs. 0.32 per coconut.
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The adequate information on behavior of dried arecanut fruit under different methods of force

application like compressive, shear and impact is not available. From this information, the

energy and hence the power requirement for dehusking could be calculated. The failure of

dried arecanut fruit and kernel in compressive and shear loading were studied using texture

analyzer, while impact failure was studied using impact tester.The average power required for

dehusking of an arecanut was 18.3 W in compressive loading. In shear loading, it was 107.1 W.

In case of arecanut kernel, the power required for axial failure was about double than that of

lateral failure. The power required for shear failure of arecanut kernel was only 15.7 W. The

power required for dehusking of arecanut fruit in impact loading was 25.5W.

(Key words: Mechanical properties, Compressive loading, Shear loading, Impact loading, Texture

analyser, Impact tester)

Arecanut (Areca catechu Linn.) is also known

as ‘betel nut’ is the seed of arecanut palm. It belongs

to the family Palmae. It is one of the important cash

crops of India. During 2006-07, total-world area

under arecanut was about 7.03 lakh ha with

production of 8.54 lakh MT (Anon., 2008) with

productivity of 1215 kg ha-1. In India, arecanut was

grown on 3.97 lakh ha with production of 5.59 lakh

MT and productivity of 1409 kg ha-1 during the year

2006-07 (Anon., 2008). About 8.6 per cent of

annually produced nuts are used in its tender form

while, the remaining bulk of nuts are used after

processing (Balasubramanian, 1985).

The adequate information on behavior of dried

arecanut fruit under different methods of force

application like compressive, shear and impact is

not available. The energy and the power requirement

for dehusking of arecanut fruit could be calculated

by using the data. The present study was

undertaken specifically to determine the power

requirement for failure of arecanut fruit and kernel

in compressive loading, shear loading and impact

loading.

MATERIALS AND METHODS

The dried arecanut and kernels from small scale

dehusking and grading units were obtained for

determining mechanical properties. The moisture

content on wet basis were determined using hot air

oven method. The procedure used by Bandit et al.

(2009) was applied determining the moisture content

of arecanut fruits and kernels. The moisture content

(per cent, wb) was determined using the following

relation.

Moisture content (per cent, wb) =  
(W

1
 – W

2
) 

     x  100
                                                       W1

where, W
1
 - weight of arecanut fruits before drying, gm

            W
2
- weight of arecanut fruits after drying, gm

Compression and shear loading using texture

analyzer

Texture Analyzer (TAHD plus) was used for

studying the mechanical properties of arecanut fruit

and kernel viz., failure under compression loading

and failure under shear loading was. Texture

analyzer was heavy-duty twin screw machine,

having loading capacity of 5000 N and cross head

speed of 6-600 mm min-1 (Fig. 1). The analyzer was

linked to a computer that recorded the data through

a software program. Experiments were carried out

by compression test and shear test that generated

plot of force (g) v/s time (s). The set of probes used

in the present investigation are shown in Fig. 2 and

Fig. 3.
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The following settings was used for the texture

analysis

Load cell :  5 kN

Test mode and option :  Measure force in

   compression

Parameters

Pre -Test Speed :  1.5 mm sec-1

Test Speed :  1 mm sec-1

Post Test Speed :  4 mm sec-1

Distance :  6 mm/13 mm for

   compression, 20 mm for

   shear loading

Probe

75mm compression plate

Blade set with knife

The compression plate probe having 75 mm in

diameter is used for the compression failure. The

sample is placed in between 75 mm compression

plate and base plate as shown in figure 2. Two modes

of orientation of arecanut fruits and kernels viz.

axial and lateral were used in compression loading.

The travel distance set for lateral compression

of arecanut fruits and kernel as well as axial

compression of arecanut kernel was set as 6 mm

as mentioned in setting. As the speed of testing was

1m s-1, the time required for travelling 6 mm was 6

sec. The distance set for axial compression of

arecanut fruit was 13 mm. hence, the time required

for travelling 13 mm was 13 sec.

For studying behaviour in shear loading a blade

set comprising of a warner bratzler blade and a blade

holder was used. The width and length of blade were

7 mm and 9 mm respectively. The sample was placed

in between cutting blade and base plate, as shown

in figure 3 during testing. Two modes of orientation

of arecanut fruits and kernels viz., axial and lateral

were used in shear loading same as in compression

loading. The same load cell of 5 kN was used for

shear loading. The distance set for lateral shear of

arecanut fruits and kernel as well as axial shear of

arecanut kernel was 20 mm. Shear test for arecanut

fruit was conducted only for lateral shear loading

because axial shearing of arecanut fruit was not

accomplished at pedicle. Similarly, due to typical

shape of arecanut kernel, lateral shearing of kernel

was not accomplished as it was not possible to hold

arecanut kernel in between blade and the base plate.

Texture profile curves were obtained for every

mentioned test for arecanut fruit and kernel

individually. Once a trigger force had been achieved

the probe proceeded to move down onto the fruit/

kernel sample and an initial rapid rise in force was

observed. During this stage the sample was

deforming under the applied force but there was no

irreversible damage to the tissues. The bioyield point

occurred when the probe began to cause irreversible

damage. Hence, the highest reading of force for each

curve was bioyield point. The total area under the

force/deformation curve up to bioyield point was

the fracture energy while total area was the total

energy to cause failure.

Fig. 1. Texture analyzer

Fig. 2. Compression plate

Fig. 3. Blade set with knife
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Impact loading

Arecanut dehusking due to impact loading was

studied using direct impact testing set up. During

testing, arecanut fruits were kept on the base stand

of direct impact tester and mass of 2 kg was allowed

to fall down on the arecanut. The distance between

arecanut and the mass was increased till the husk

became so cracked/loosen that the kernel could be

easily removed. The impact energy was calculated

by multiplying the mass with height of fall. The time

required to fall the mass was calculated by the using

Newton’s law of motion (taking initial velocity as

0 m s-1). The product of impact energy and time of fall

was power. The dehusking of arecanut in axial as well

as lateral impact were studied. For each type of test,

i.e. axial and lateral, ten replications were taken.

RESULT AND DISCUSSIONS

The average arecanut fruit and kernel moisture

content was in the range of 7 to 10 per cent (w.b.).

The load deformation curves are shown in Fig. 4 to

6 for arecanut fruit and in Fig. 7 to 9 for arecanut

kernel. The energy required for dehusking of

arecanut in dif ferent modes of loading was

determined for each test. The average energy

required for dehusking in each type of force

application was calculated. The corresponding

power required for dehusking was also calculated.

The average data are tabulated in Table 1 and Table

2 for arecanut fruit and kernel, respectively.

The average energy and time required for

dehusking of dried arecanut fruit in axial

compression loading were 149.4 kg-mm and 13 sec

respectively, hence power requirement was 19.1 W.

Similarly, the average energy and time required in

lateral compression loading were 297.9 kg-mm and

6 sec respectively, hence power requirement was

17.5 W. The average power required for dehusking

dried arecanut fruit in compression loading was 18.3

W. As per Balasubramanian and Panwar ( 1986), in

case of dried arecanut fruits, the axial compression

was found more eff icient than the lateral

compression with saving in load of 58.1 per cent,

at comparable deformation.

The dehusking of arecanut fruit in axial shear

loading has not taken place as the fibres were very

firmly attached at pedicle. The energy, time and

power required for dehusking of arecanut in lateral

shear loading were 546.5 kg-mm, 20 sec and 107.1

W respectively, which was very high compared to

compression loading. As per Balasubramanian and

Panwar (1986), lateral shearing required lesser

energy compared to energy for axial shearing.

Table 2.  Response of arecanut kernel subjected to different types of loads

S. Mode of loading Energy required Time of Power required

No. (kg mm) loading (sec) (W)

1 Compression loading

l  Axial 978.2 6 57.6

l  Lateral 495.8 6 29.2

2 Shear loading

l  Axial 267.5 6 15.7

l  Lateral – – –

Table 1.  Response of arecanut fruit subjected to different types of loads

S. Mode for dehusking Energy required Time of Power required

No. (kg mm) loading  (sec) (W)

1 Dehusking due to compression loading

l  Axial 149.4 13 19.1

l  Lateral 297.9 6 17.5

2 Dehusking due to shear loading

l  Lateral 546.5 20 107.2

3 Dehusking due to impact loading

l  Axial 690 0.27 25.1

l  Lateral 700 0.27 25.4
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The average energy and time required for failure

of a arecanut kernel in axial compression loading were

978.2 kg-mm and 6 sec respectively, hence power

requirement was 57.6 W. Similarly, the average energy

and time required in lateral compression loading were

495.8 kg-mm and 6 sec respectively, hence power

requirement was 29.2 W. The average power required

for failure in compression loading for arecanut kernel

was 43.4 W. Similarly, the average energy and time

required for failure of a arecanut kernel in axial shear

loading were 267.5 kg-mm and 6 sec respectively,

hence power required was 15.7 W. The average energy

required for axial and lateral impact loading for

dehusking of arecanut fruit were 690 and 700 kg mm

respectively. The time required was same as 0.27 sec

for dehusking of arecanut by axial and lateral impact

loading. Hence, power required were 25.1 and 25.4 W

for dehusking of arecanut fruit in axial and lateral

impact loading, respectively.

CONCLUSIONS

Power required for dehusking of arecanut fruit

in axial and lateral compressive loading were 19.1

Fig. 4. Load deformation curves

for arecanut fruit in axial

compressive loading

Fig. 5. Load deformation curves

for arecanut fruit in lateral

compressive loading

Fig. 6. Load deformation curves

for arecanut fruit in lateral

shear loading

Fig.7. Load deformation curves

for arecanut kernel in axial

compressive loading

Fig. 8. Load deformation curves for

arecanut kernel in lateral

compressive loading

Fig. 9. Load deformation curves for

arecanut kernel in axial shear

loading

and 17.5 W, respectively. Hence, average power

required for dehusking of an arecanut fruit was 18.3

W in compressive loading. In shear loading (lateral),

the power required for dehusking of arecanut fruit

was 107.1 W, which was quite high as compared to

that of compressive loading. While, the power

required for dehusking of arecanut fruit in impact

loading was 25.5 W. In case of arecanut kernel, the

power required for breaking in axial and lateral

compressive loading were 57.6 W and 29.2 W

respectively. In shear loading the power required

for breaking of arecanut kernel was 15.3 W.

Hence, the mechanism comprising of combined

effect of compression, impact and shear in descending

order i.e., maximum compression medium impact and

least shear will be suitable for dehusking of dried

arecanut fruits. It was also very noteworthy that the

energy as well power required for dehusking of

arecanut fruit in shear was pretty higher that of

required for arecanut kernel. That warned about the

precautions to be taken while designing arecanut

dehusking mechanism based on shearing otherwise

the chances of kernel breaking were sure.
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In the study, the physical and aerodynamic properties of arecanut fruits and kernels were

determined at a moisture content of 11.2 per cent (wet basis). The mean of major diameter,

intermediate diameter, minor diameter and geometric mean diameter of arecanut fruits were

48.1, 38.4, 32.2 and 37.5 mm, respectively. The mean of major diameter, intermediate diameter,

minor diameter and geometric mean diameter of arecanut kernels were 22.7, 19.7, 19.2 and 19.0

mm, respectively. Mean values for sphericity and surface area for fruits were 78.25% and 4446.7

mm2 and for kernels 87.31% and 1238.18 mm2, respectively. The true density, bulk density and

porosity for fruits were 0.5 g cc-1, 270.4 g cc-1 and 46% and for kernel 1.1 g cc -1, 735.31 kg m-3

and 66% respectively. The mean angle of repose of arecanut fruits and kernels were 35.6o and

32.2o. The mean terminal velocity of arecanut husk and kernel were 7.35 and 20.65 m s-1,

respectively. These findings are very useful for design of processing machines viz sorting,

separation, grading, grinding, drying as well as extraction.

(Key words: Areca nut, Aerodynamic properties, Physical properties)
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Arecanut (Areca catechu) belonging to family

Palmae is an important cash crop mostly grown in

tropical pacific, Asia, parts of East Africa and

Western Ghats, Eastern Ghats, East and North

Eastern region of India. Arecanut is grown in soils

such as laterite, red loam and alluvial soils. The

climate requirement for arecanut cultivation is warm

humid climate. Arecanut is an important component

of the religious, social and cultural celebration and

economic life of people in India. The total world area

under arecanut cultivation in 2012 was about 7.0

lakh ha with production of 12, 61,388 metric tons

and productivity of 1215 kg ha-1. Among the

different arecanut growing countries, India ranks

first in terms of both area and production of

arecanut. Total arecanut production of India in 2012

was 4,82,000 metric tons. India stands ranked 4th

in terms of productivity. The other countries which

produce arecanut in the world are Indonesia, China,

Taiwan, Myanmar, Bangladesh, Srilanka, Thailand,

Bhutan, and Nepal having production of 187000,

135000, 135000, 122000, 108000, 37700, 35000,

10500, 9188 metric tons, respectively. In India,

arecanut is grown on 3.9 lakh ha area with production

of 5.6 lakh metric tons and productivity of 1409 kg

ha-1 (Anonymous, 2012). It is estimated that nearly

ten million people depend on arecanut industry for

their livelihood in India. Karnataka is the largest

arecanut producing state in the country producing

40 per cent of country produce (Anonymous, 2010).

Physical and aerodynamic properties of dried

arecanut fruit and kernels are pre-requisites in

designing the equipments for handling, storage and

processing of the fruit and kernels. The size and

shape are very important in their separation from

undesirable materials and in development of sizing,

grading machinery, etc. The knowledge of the

morphology and size distribution of arecanut fruits

and its kernel is essential for the accurate design

of the equipment for cleaning, grading and

separation. Bulk density determines the capacity

of storage and transport systems, while true density

is useful for separation equipment; porosity of the

mass of seeds determines the resistance to air flow.

Terminal velocity is an important aerodynamic

property for designing of blower in aerodynamic

separating mechanism.

The present study was conducted to determine

some physical and aerodynamic properties of dried

arecanut fruits and kernels, namely major diameter,

medium diameter, minor diameter, geometric mean

diameter, sphericity, true density, bulk density,

porosity, angle of repose and terminal velocity.



MATERIALS AND METHODS

The moisture content of arecanut fruit was

measured by oven dry method. The method adopted

by Chakrawerty (1988) was used to determine the

moisture content. Initially the sample with the

known weight (100 g) was kept in oven at 130oC for

14 to 16 hours. Then the sample was cooled in a

desiccators and weighed using an electronic

balance. The moisture content of sample was

calculated by following formula.

where,

W
1 

- weight of box, g

W
2 

- weight of box + sample, g

W
3
 - weight of box + sample after drying, g

Physical and aerodynamic properties of arecanut

fruits and kernels

Physical and aerodynamic properties such as

major diameter, medium diameter, minor diameter,

geometric mean diameter, sphericity, surface area,

volume and density, bulk density, porosity, angle

of repose and terminal velocity of dried arecanut

fruit and kernel were determined.

Size or geometric mean

The axial and lateral dimensions of fruit and

kernel were measured using digital vernier caliper

(Fig. 1). The longest dimension of arecanut is called

as major diameter (a), second longest dimensions

perpendicular to ‘a’ is called medium diameter (b)

and third longest dimension perpendicular to both

is called minor diameter (c). The dimensions were

measured for 200 different samples each of fruit

and kernel, which were selected randomly. The

mean values of dimensions were computed. The

geometric mean diameter (Dg), surface area (S) and

sphericity (Φ) of the arecanut fruits and kernels were

calculated using the following relationships (Ayman

Hafiz Amer Yissa, 2009)

             M.C. (%wb) =
  W

2
 – W

3
   

x  100             (1)
                                  W

2
 – W

1

Dg = (abc) 1/3   (2)

S   = π Dg2   (3)

Φ   = [Dg/a] x 100                              (4)

where,

a – major diameter, mm.

b – medium diameter, mm.

c – minor diameter, mm.

Bulk density and true density

The procedure as suggested by Balasubramaniun

(1985) was used to find bulk density of arecanut

dried fruits as well as kernels (Fig. 2). A container

made of mild steel sheet, having the dimensions of

30 cm x 30 cm x 30 cm, was used to find the bulk

density of fruit and kernel. Volume of the container

was calculated. The container was filled with

arecanut fruits. The weight of arecanut fruits was

noted. The bulk density of fruit was calculated as

follows.

           ρ
bf

 = W
f
 / V

v
                             (5)

Where,

Wf  – weight of fruits, kg

V
v  

 – volume of container, m3

ρ
bf 

 – bulk density of fruit, kg/m3

The true density (ρt) was determined by the

water displacement method. Porosity (P) was

determined in terms of bulk density (ρb) and true

density (ρt) by using the following formula

Fig. 1. Determination of size of arecanut fruit and kernels

a                                                b

Fig. 2(a, b) Set up for determination bulk and true density of

arecanut fruits and kernels

                     P  =  1 –
  ρb   

x 100                     (6)                                       ρt

The procedure suggested by Gupta and Das (1997)

was used to determine the angle of repose of fruit, as

well as kernels of arecanut (Fig. 3). Container made

up of acrylic sheet of size 30 cm x 30 cm x 30 cm,

opened at top and bottom was used to determine angle

of repose.
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RESULTS AND DISCUSSIONS

Physical properties of arecanut fruits and kernels

Physical properties of arecanut fruit and kernel

determined experimentally were axial and lateral

dimensions, size or geometric mean diameter,

sphericity, weight, volume, true density, bulk

density, porosity and angle of repose. The

characteristic values of properties for arecanut fruits

and kernel are given in Table 1 and Table 2,

respectively. Lateral dimensions, size and sphericity

are the average of 200 individual observations

whereas, the rest of mentioned physical dimensions

are the average of 200 individual observations. The

moisture content of dried arecanut fruit was 11.19

per cent on wet basis.

Geometr ic  mean diameter,  surface area and

sphericity

The geometrical parameters, namely, dimension

of the principal axes (a is length, b is the breadth

and c is the thickness) of randomly selected 200

arecanut fruits and kernels were measured using

digital vernier caliper having a least count of 0.01

mm. Geometric mean diameter, surface area and

sphericity were calculated. Based on the geometrical

parameters of the kernels, the opening of screen in

vibratory separator was designed for separation of

husk and kernels. The physical properties of

arecanut fruits and kernels are presented in the

Table 1 and 2 respectively.

The major, medium and minor diameters of

arecanut fruits were in the range of 32.94 to 62.18

mm, 26.48 to 55.33 mm and 23.24 to 49.47 mm

with mean values as 48.18 mm, 38.39 mm and

32.24 mm, respectively. Similarly, the major,

medium and minor diameters of arecanut kernel

were in the ranges of 17.96 to 33.95 mm, 15.14 to

31.5 mm and 14.92 to 31.46 mm with mean values

as 22.31 mm, 19.61 mm and 19.21 mm,

respectively. The ranges for geometric mean

diameter for arecanut fruits and kernels were 28.64

to 45.30 mm and 15.82 to 31.18 mm, respectively.

The average geometric mean for fruit and kernel

were 37.51 and 19.81 mm, respectively. The

sphericity of the fruits varied between 67.86 and

93.88per cent with a mean value of 78.25 per cent.

The sphericity of kernels varied between 88.11 and

91.84 per cent with a mean value of 87.31 per cent.

The ranges for surface area for arecanut fruit and

kernel were 2575.47 to 6463.03 mm2 and 786.32

to 3052.74 mm2, respectively. The average surface

area for fruits and kernels were 4446.72 and

It was kept in position on a horizontal surface

and filled with fruits. The container was lifted gently

from the horizontal surface. The height (h) and

radius (r) of the base circle of the cone, formed by

fruits, were measured and angle of repose (q) was

calculated as follow.

θ = tan-1(h/r)                            (7)

The procedure was replicated 10 times and the

values were recorded. The angle of repose for kernels

was also obtained in the same manner. The mean

was computed.

Fig. 3.Container used to find

angle of repose

Fig. 4. Determination of

terminal velocity

Terminal velocity

Terminal velocity (V
t
) of arecanut husk, kernels

and broken were determined (Fig. 4). The material

(arecanut fruit, kernels, husk and brokens) placed

at the front of the blower at the net inlet side of the

transparent tube. After operating the blower and

increasing its speed by opening the gate slowly until

the flowing air suspend the particles in the vertical

active part of the transparent tube, the measured

air velocity represent the terminal velocity of particles.

Anemometer was used to measure the air velocity.

Theoretically, the terminal velocity was calculated by

using following formula (Ayman Hafiz Amer Yissa,

2009).

          
V

t
 =

    2Mg    ½                        
(8)

                  cdρ
a
A

where,

M - Mass of the particle kg

g - Acceleration due to gravity (9.81 m s-2)

V
t
 - Terminal velocity (m s-1)

cd - Coefficient of drag

ρ
a
 - Density (1.25 kg m-3)

A - Particle area projected to air (m2)
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1238.18 mm2, respectively. Aware (2013) reported

that the major, medium and minor diameters of

arecanut fruit for mean values were 48.9 mm, 30.2

mm and 29.2 mm, respectively. Similarly, the major,

medium and minor diameters of arecanut kernel

for mean values were 24.2 mm, 23.2 mm and 19.4

mm, respectively. The average geometric mean for

fruit and kernel were 34.9 and 22.1 mm,

respectively. The sphericity of kernel varied between

82.4 and 98.0 per cent with a mean value of 91.6

percent.

Bulk density, true density and porosity

Separation of arecanut husk and kernels was

due to difference in density of arecanut husk and

kernels. The bulk density, true density and porosity

of arecanut fruits and kernels are important for

separation point of view. The bulk density was

determined by using equation 4.4 and true density

was calculated by water displacement method. The

bulk density of fruits varied from 281.2 to 259.4

kg m-3 and the bulk density of kernels varied from

730.6 to 739.6 kg m-3. The average value of bulk

density for fruits and kernels were 270.45 and 735.31

kg m-3, respectively. True density of arecanut fruits

varied from 0.3 to 0.6 g cc-1 and for kernels true

density varied from 0.9 to 1.6 g cc-1. The mean value

for true density of fruits and kernels were found 0.5

and 1.1 g cc-1, respectively. Porosity for arecanut fruits

was 46 per cent and for kernels it was 66 per cent.

Angle of repose

Angle of repose was an important property for

design of a hopper for feeding the mixture of husk

and kernels. The angle of repose was calculated for

fruits and kernels by using equation 7. The angle of

repose for fruits  ranged from 30.5 to 39.3 degrees

with a mean value of 35.6 degrees. The angle of

repose for kernel was varied from 30.4 to 35.3

degrees with mean value of 32.2 degrees.

Terminal velocity of arecanut husk, kernels and broken

Terminal velocity of arecanut husk, kernels and

broken is important to design the blower for

Table 1. Physical parameters of arecanut fruits

Sr. No. Parameter Range Mean

1 Major diameter (mm) 32.94 - 62.18 48.18

Medium diameter (mm) 26.48 - 55.33 38.39

Minor diameter (mm) 23.24 - 49.47 32.24

2 Geometric mean diameter (mm) 28.64 - 45.30 37.51

3 Surface area (mm2) 2575.4 - 6443.0 4446.72

4 Sphericity (per cent) 67.86 - 93.88 78.25

5 Weight (g) 6.25 - 15.48 10.86

6 Bulk Density (kg m-3) 259.4 - 275.8 270.4

7 True density (g cc-1) 0.3 - 0.6 0.5

8 Porosity (per cent) – 46

9 Angle of repose (degree) 30.5 - 39.3 35.6

Table 2. Physical parameters of arecanut kernels

Sr. No. Parameter Range Mean

1 Major diameter (mm) 17.96 - 33.95 22.31

Medium diameter (mm) 15.14 - 31.50 19.61

Minor diameter (mm) 14.92 - 31.46 19.21

2 Geometric mean diameter (mm) 15.82 - 31.18 19.81

3 Surface area (mm2) 786.3 - 3052.7 1220

4 Sphericity (per cent) 88.11 - 91.84 87.31

5 Weight (g) 3.46 -10.61 6.75

6 Bulk Density (kg m-3) 733.6 - 739.6 735.31

7 True density (g cc-1) 0.9 - 1.6 1.1

8 Porosity (per cent) – 66

9 Angle of repose (degree) 30.4 - 35.3 32.2
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removing the husk material with help of air flow.

Terminal velocity is the velocity at which particles

remain in suspended state in air. The terminal

velocity of husk, kernels and broken was determined

by using the seed blower. The maximum, minimum

and average value of terminal velocity for arecanut

husk, kernels and broken is presented in Table 3.

The proportion of husk, kernels and broken in

1 kg of dehusked arecanut was found about 30, 60,

and 10 per cent, respectively. The different sizes of

broken were classified into five categories on weight

basis such as broken of weight < 0.5 g, 0.5 - 1.5 g,

1.5 - 2.5 g, 2.5 – 3.5 g and > 3.5 g. The proportion

of broken according to its weight was 4, 10, 12, 20,

and 54 per cent, respectively. The average value of

terminal velocity for husk and kernels were 7.35

m s-1 and 20.65 m s-1, respectively. The average

value of terminal velocity for the broken of weight <

0.5 g, 0.5 – 1.5 g, 1.5 – 2.5 g, 2.5 - 3.5 g and > 3.5 g

were 6.99, 8.18, 11.66, 14.21 and 14.22 m s-1,

respectively.

CONCLUSIONS

The mean value for major diameter, medium

diameter and minor diameter of dried arecanut fruits

were 48.18 mm, 38.39 mm and 32.24 mm

respectively and that of kernels were 22.31 mm,

19.61 mm and 19.21 mm, respectively. Geometric

mean diameter for arecanut fruits and kernels were

37.51 mm and 19.81 mm. The mean percent

sphericity of the fruits and kernels were 72.25

percent and 87.31 percent, respectively. The mean

true density of fruits and kernels were 0.5 gm cc-1

and 1.1 g cc-1 respectively. The mean bulk density

of arecanut fruits and kernels were 270.4 kg m-3

and 735.31 kg m-3 respectively. The per cent porosity

for fruits was 46 and that of kernels was 66 per

cent. The mean angle of repose for fruits and kernels

were 35.6 deg. and 32.2 deg, respectively.
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Table 3. Terminal velocity of husk, kernels, and broken

Particulars Proportion in mixture of husk, Terminal velocity (m s-1)

kernels and brokens (per cent) Minimum Maximum Mean

Husk 30 3.6 11.4 7.35

Kernels 60 16.3 26.2 20.65

Brokens 10

Proportion in 10 per cent brokens

Less than 0.5 g 4 5.8 8.6 6.99

0.5 – 1.5 g 10 7.3 9.3 8.18

1.5 – 2.5 g 12 8.7 14.1 11.66

2.5 – 3.5 g 20 11.9 16.0 14.21

More than 3.5 g 54 10.02 16.6 14.22
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Soil salinity is a global phenomenon adversely

affecting the productivity of millions of hectares of

land, compromising the ability of a large number of

countries to maintain the agricultural production

and productivity targets. Salt tolerance of a plant

varies with environmental and biological factors and

response to salinity in terms of morphology,

anatomical adoption and changes in various

physiological and biochemical processes under salt

stress facilitate the formulation of agro techniques

and development of salt tolerant varieties through

conventional, as well as, biotechnological approaches.

Generally, salinity tolerance is a polygenic trait.

Screening rice germplasm to locate salt tolerant

genes for use in improving the currently grown

varieties is of continuous importance to plant

biotechnologists (Flowers, 2004). One major

approach in plant breeding is to maximize the

genetic diversity between parental genotypes for

hybridization. There are rice varieties which yield

high under normal condition; they fail to perform

in salt affected soils. So, genetic diversity screening

for trait of interest is an essential part of the

commencement of a breeding program.

In addition to intergenic variation of different

crops to tolerate salinity, there is wide variation in

the inherent salt tolerance for various physiological

traits in addition to the morphological and

agronomic characters. Of late, in the Western

Krishna delta of Andhra Pradesh where problematic

areas of soil salinity spread over 0.25 million

hectares, rice is the only crop of choice, which suffer

problems such as poor crop establishment, reduced

crop growth finally resulting in lower crop yields.

Low success in rice salt tolerance breeding may be

due to the low selection efficiency using only

agronomic characters, lack of effective evaluation

methods for the salt tolerance among the genotypes

and complexity of the salinity tolerance genotypes.

Rice being the sole crop in the coastal saline soils,

26 germplasm lines were evaluated and analyzed

for the degree of genetic divergence with regards to

various salinity tolerance and yield traits under

saline conditions.

The trial was conducted at Machilipatnam

Agricultural Research Station, Krishna District of

Andhra Pradesh representing coastal saline eco

system with pH of 7.35, EC (dS m-1) - 14.21 and

ESP % - 17.57 with 26 germplasm lines. The

experiment was laid out in a randomized block

design with two replications and a good crop was

raised as per the recommended agronomic practices.

Data were recorded on 10 random and competitive

plants on the 10 quantitative parameters viz., plant

height, days to 50% flowering, tillers per plant,

sodium, potassium and calcium content of the stem,

panicle length, grains per panicle, test weight and

grain yield. Multivariate analysis of genetic divergence

among genotypes was done using Mahalanobis D2

statistic and grouping into clusters done by Tochers

method (Rao, 1952) for yield and yield contributing

characters under saline conditions.

Grouping of genotypes and their

characterization provided useful information about

their relationship and possible use in crop

improvement programme. The analysis of variance

and results indicated significant differences among

genotypes for all the ten characters indicating high

variability. Twenty six genotypes studied in the

present investigation were grouped into six clusters

based on the relative magnitude of D2 values such

that, the genotypes belonging to same cluster had

an average smaller D2 value than those belonging

to different clusters. The distribution pattern of

genotypes into different clusters revealed no

parallelism between genetic and geographic diversity

as genotypes chosen from same eco-geographical

Table 1. Clustering pattern based on D2 analysis

Cluster Number of Cluster

Number Genotypes Members

1 4  9 15 21 22

2 4  3 13 25 26

3 2  12 19

4 4  16 17 18 24

5 5  1 2 6 14 20

6 7  4 5 7 8 10 11 23



region were found in different clusters, as well as

in the same cluster, while genotypes from diverse

geographical regions were included in the same

cluster. Similar results were reported in rice by

Venkatlaxmi (2013).

The distribution of genotypes into various

clusters is presented in Table 1. Among the six

clusters, cluster 6 was the largest comprising of 7

genotypes followed by cluster 5 with 5 genotypes,

while smallest cluster (cluster 3) comprised of 2

genotypes. Baburam Singh et al. (2010) assessed

the genetic divergence in twenty aromatic rice

genotypes for seven biometrical characters. The

genotypes were classified into five clusters. The cluster

means indicated that the cluster mean for potassium

(4.79) and calcium content of the stem (6.40), plant

height (105.72) and tillers per plant (11.70) was highest

in cluster 3, while cluster 4 was represented by

cultures with lowest sodium content of the stem

(0.748), while highest grain yield (17.098) and panicle

length (22.95) was represented by cluster1 (Table 2).

The inter cluster distance is higher than intra

cluster distance indicating wide genetic diversity

among the genotypes (Table 3). Highest intra cluster

distance is observed in cluster 1 (8154.34) followed

by cluster 6 (4477.59). Highest inter cluster distance

was observed between cluster 2 and cluster 6

(Table 3) followed by clusters 5 and 2 indicating

wide genetic diversity among the genotypes within

these groups.

Information on the relative contribution of

various plant characters towards divergence was

reported to aid the breeder in choice of parents for

hybridization and effective selections. Relative

contribution of the traits towards divergence was

maximum for potassium content of the stem

(19.08%), sodium content of the stem (15.08%), test

weight (15.69) and calcium content of the stem

(4.62) among the salinity tolerance traits while

maximum contribution was done by grain yield

(41.23) and as such due weightage be given for these

traits as they together contribute 95.7% towards

total divergence. Out of the six clusters, cluster 5

is represented by genotypes with low sodium content

and high calcium content of the shoot while cluster

Table 2. Intra and inter cluster distances for six clusters

1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster

8154.347 13061.11 13968.05 20363.77 17402.03 18964.990

13518 18703.02 27528.08 30442.510

2738.656 10675.78 6959.652 10204.140

21198.62 26825.960

3457.989 6671.720

4477.592

Table 3. Mean performance of different clusters with respect to different traits

Plant Days to Tillers/ Na content Potassium Calcium Panicle Grains/ Test Grain

height 50%  plant of the stem content of content of length panicle weight yield/

flowering the stem the stem the stem (g) plant (g)

Cluster1 95.238 103.253 10.503 2.543 1.793 4.803 22.953 164.003 1.378 17.098

Cluster 2 73.698 105.003 8.753 3.733 0.788 3.303 20.328 93.453 2.128 6.435

Cluster 3 105.720 107.000 11.700 1.580 4.790 6.400 21.630 136.900 1.750 12.350

Cluster 4 95.833 106.998 11.423 0.748 1.145 3.598 18.788 99.348 1.623 15.850

Cluster 5 82.897 96.397 8.197 4.321 2.049 3.757 19.921 168.437 1.197 7.901

Cluster 6 91.224 105.858 10.115 2.459 1.202 3.486 21.775 148.829 1.644 11.718

Table 4. Relative contribution of different traits

Source Times Contribution

Ranked %

1st

1 Plant height 0 0.00

2 Days to 50% flowering 0 0.00

3 Tillers/plant 8 2.46

4 Na content of the stem 49 15.08

5 Potassium content of the stem 62 19.08

6 Calcium content of the stem 15 4.62

7 Panicle length 4 1.23

8 Grains/panicle 2 0.62

9 Test weight (g) 51 15.69

10 Grain yield/plant (g) 134 41.23
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5 is represented by the genotypes with high

potassium content of the stem among the salinity

parameters (Table 4). Linghe Zeng et al. (2003)

Fig. 1. Cluster Diagram

opined that sodium and calcium selectivity could

be one salt tolerance component and a useful

selection criterion in screening for salt tolerance.

Physiological studies of rice suggest that a range

of characteristics such as low shoot sodium

concentration would increase the ability of the plant

to cope with salinity. Vigor was strongly correlated

with survival. Shoot sodium concentration, which

a priority is expected to be important, accounted

for only a small proportion of the variability in the

survival of salinity (Yeo et al., 1990)

Perusal of results revealed that there was no

cluster with at least one genotype with all the

desirable traits, which ruled out the possibility of

selecting directly one genotype for immediate use.

The lowest shoot sodium content, highest plant

height, more number of productive tillers and high

shoot calcium content of the only genotype MCM

225 in cluster 6 and high potassium content

represented by only genotype viz., NLR 20017

indicate the importance of the genotypes for the

parental selection in hybridization program for

development of salinity tolerant genotypes
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Cowpea (Vigna unguiculata L.) is the most

important legume in the world. It is an important

source of dietary protein in developing countries of

Asia and Africa. It is used as fodder, vegetable pulse

and green manure crop. The economic importance

of cowpea is difficult to ascertain as the production

statistics are no longer kept separate from those of

other pulses. Summer cowpea is grown as catch

crop in Konkan region in the areas where irrigation

facilities are available. Proper sowing time is the

most important non-monetory factor in crop

production, which affects the crop growth, yield and

quality to great extent. Time of sowing plays an

important role to fully exploit all available resources

for growth as it  provides optimum growing

conditions such as temperature, light, humidity and

rainfall. A small change in sowing time leads to

significant changes in performance of crop.

Varieties play an important role in crop

production and the potential yield of a variety within

genetic limit is determined by its environment.

Release of high yielding varieties have contributed

a great deal towards the improvement of cowpea

yields. The yield potential of these high yielding

varieties can be further exploited through better

agronomic practices with respect to sowing dates.

The yield of any crop depends on the production

potential of the cultivar and climatic, edaphic and

management practices to which the cultivar is

exposed. In this context, the response of cowpea

varieties to different sowing dates on growth, yield

and economics have been studied in Konkan region

of Maharashtra.

A field experiment on cowpea was conducted

during Rabi-hot weather season 2011-12 at

Agronomy Department Farm, College of Agriculture,

Dapoli. The soil was sandy clay loam in texture,

medium in available N and P, high in K availability

and moderately acidic in reaction (pH 5.8). The

experiment was laid out in a split plot design with

three replications. The main plot treatments were

five sowing dates, namely, sowing of cowpea in 48th

meteorological week i.e. MW (S
1
), 50th MW (S

2
), 52nd

MW (S
3
), 2nd MW (S

4
) and 4th MW (S

5
). The sub plot

treatments comprised three cowpea varieties viz.,

Konkan Sadabahar (V
1
), Konkan Safed (V

2
) and

Phule Pandhari (V
3
). The gross plot size was 4.5 x

3.6 m2 and net plot size was 3.9 x 3.0 m2,

respectively.

Well decomposed FYM and full dose of N and

P
2
O

5
 were applied to each plot as per the

recommendation (25:50:00 N, P
2
O

5
 and K

2
O kg ha-1)

at the time of sowing. The healthy, unbroken and

well developed seeds of cowpea varieties were treated

with fungicide and biofertilizers (Rhizobium and PSB

@ 25 g each kg-1 seeds) before sowing.  The seeds of

different cowpea varieties were sown at different

sowing dates, viz; 2nd (48th MW), 16th (50th MW) and

30th (52nd MW) December 2011, 14th January (2nd

MW) and 28th January (4th MW) 2012 as per the

treatments. The other usual common package of

practices were carried out time to time and

periodical growth observations were recorded at an

interval of 15 days. Crop was harvested at

physiological maturity and data on yield attributes

and yield were recorded.

The data in Table 1 revealed that sowing of

cowpea in 52nd MW significantly improved the

growth characters such as plant height, number of

leaves plant-1, number of branches plant-1 and dry

matter production plant-1, yield attributes such as

number of pods plant-1, mean pod length, number

of grains pod-1, thousand grain weight, grain and

stover yield plant-1 and thereby increased grain and

stover yield ha-1 over sowing of cowpea in 50th MW,

48th MW, 2nd MW and 4th MW. The increased yield

attributes in 52nd MW might be due to increase in

growth parameters. Sowing of cowpea in 52nd MW

recorded significantly higher grain yield ha-1 over

rest of the sowing dates. This could be attributed to

the appreciably higher yield contributing characters.

The increase in grain yield recorded under the

sowing of cowpea in 52nd MW over the crop sown in

50th MW, 48th MW, 2nd MW and 4th MW was 8.34,

9.63, 11.73 and 21.90 per cent, respectively.



Table 1. Effect of different sowing dates on growth, yield attribute and yield of cowpea varieties

Treatments Growth attributes Yield attributes Yield

Plant No. of No. of Dry Number Length Number of 1000 Grain Stover

height green branches matter of pods pod-1 grains grains wt. yield yield

(cm) leaves plant-1 (g plant-1) plant-1 (cm) pod-1 (g) plant-1 (g) plant-1 (g)

plant-1

Main plot: Sowing dates

S
1
- M.W. No.- 48 46.94 46.94 3.95 6.84 12.26 13.04 11.76 96.07 6.57 8.76

S
2
- M.W. No.- 50 48.19 48.19 4.02 6.94 12.50 13.36 11.89 97.14 6.74 8.87

S
3
- M.W. No.- 52 50.73 50.73 4.33 7.52 14.18 14.59 12.64 101.61 7.38 9.97

S4- M.W. No.- 2 45.39 45.39 3.84 6.72 11.90 12.72 11.63 94.97 6.33 8.60

S5- M.W. No.- 4 42.63 42.63 3.56 6.11 10.01 11.48 10.82 90.38 5.70 7.38

F test Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig.

SEm + 0.74 0.74 0.08 0.17 0.54 0.33 0.22 1.34 0.19 0.31

CD at 5% 2.41 2.41 0.27 0.56 1.75 1.08 0.72 4.37 0.61 1.03

Sub plot : Varieties

V
1
: Konkan Sadabahar 28.35 10.78 3.16 6.69 11.22 11.97 10.94 92.56 6.08 8.50

V2: Konkan Safed 32.53 11.42 6.04 7.31 13.08 14.01 12.56 99.54 6.93 9.52

V3: Phule Pandhari 79.44 9.90 2.62 6.47 12.19 13.12 11.73 95.98 6.52 8.10

F test Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig.

SEm + 0.71 0.19 0.09 0.18 0.34 0.24 0.26 1.10 0.13 0.28

CD at 5% 2.11 0.58 0.27 0.55 1.004 0.71 0.77 3.25 0.39 0.84

Interaction effect

F test N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.

SEm + 1.61 0.44 0.21 0.42 0.76 0.54 0.59 2.47 0.30 0.64

CD at 5% – – – – – – – – – –

General mean 46.77 10.88 3.94 6.82 12.16 13.03 11.74 96.03 6.54 8.71
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Table 2. Effect of varieties and sowing dates on yield and economics of cowpea

Treatments Yield (q ha-1) Gross returns (j- ha-1) Cost of Net B : C

Grain Stover Grain Stover Total cultivation returns ratio

(j- ha-1) (j- ha-1)

Sowing dates

S1- M.W. No.- 48 11.73 22.25 66861 11125 77986 53082 24904 1.47

S2- M.W. No.- 50 11.87 22.46 67659 11230 78889 53232 25657 1.48

S3- M.W. No.- 52 12.86 24.32 73302 12160 85462 54328 31134 1.57

S4- M.W. No.- 2 11.51 22.02 65607 11010 76617 52854 23763 1.45

S5- M.W. No.- 4 10.55 20.35 60135 10175 70310 51802 18508 1.36

F test Sig. Sig. – – – – – –

SEm + 0.28 0.58 – – – – – –

CD at 5% 0.93 1.91 – – – – – –

Varieties

V1: Konkan Sadabahar 10.67 21.68 60819 10840 71659 52027 19632 1.38

V2: Konkan Safed 12.70 25.09 72390 12545 84935 54240 30695 1.57

V3: Phule Pandhari 11.72 20.06 66804 10030 76834 52890 23944 1.45

F test Sig. Sig. – – – – – –

SEm + 0.21 0.48 – – – – – –

CD at 5% 0.63 1.43 – – – – – –

Interaction effect

F test N.S. N.S. – – – – – –

SEm + 0.48 1.09 – – – – – –

CD at 5% – – – – – – – –

General mean 11.70 22.28 – – – – – –

3
3

(1
)

R
e

s
p

o
n

s
e

 o
f c

o
w

p
e

a
 to

 s
o

w
in

g
 d

a
te

s
7

1



Sowing of cowpea in 52nd MW recorded

maximum and significantly higher stover yield over

48th MW, 2nd MW and 4th MW. Increase in stover

yield recorded due to crop sown in 52nd MW over

50th, 48th, 2nd and 4th MW was to the tune of 8.28,

9.30, 10.45 and 21.00 per cent, respectively. This

may be due to increased plant height, number of

leaves plant-1, number of branches plant-1 and dry

matter production plant-1 observed in 52nd MW. This

finding resemble with the findings of Vijaykumar

et al. (1991), Rajput (1994) and Ullah et al. (1995).

Konkan Safed recorded significantly higher

growth and yield attributing characters and yield

ha-1 over other two cowpea varieties which could

be attributed to the appreciably higher yield. These

increased yield attributes might be due to increased

growth parameters. The increase in grain yield

recorded by Konkan Safed over Phule Pandhari and

Konkan Sadabahar was 8.36 and 19.03 per cent,

respectively. Konkan Safed recorded significantly

higher stover yield over Konkan Sadabahar and

Phule Pandhari. The increase in stover yield

observed in Konkan Safed over Konkan Sadabahar

and Phule Pandhari was 15.73 and 25.07 per cent,

respectively. The increase in stover yield of Konkan

Safed might be due to increasing number of leaves

and branches plant-1 and dry matter production

plant-1 observed in Konkan Safed. The present

results are in consonance with those of Patil et al.

(1991), Birari et al. (1993) and Malagi (2005).

Sowing of cowpea in 52nd MW gave the highest

net returns and benefit to cost ratio over sowing of

cowpea in 50th MW, 48th MW, 2nd MW and 4th MW

(Table 2). The increased net returns and benefit to

cost ratio were mainly due to increased grain and

stover yield of cowpea sown in 52nd MW over rest of

the sowing dates. These results are in agreement

with those Dass et al. (2005) and Jangre et al.

(2008). Konkan Safed variety of cowpea gave the

highest gross returns, net returns and benefit to

cost ratio over Phule Pandhari and Konkan

Sadabahar. The increased gross returns, net returns

and benefit to cost ratio were mainly due to

increased grain yield and stover yield of Konkan

Safed over other two varieties. Similar results were

also reported by Patel et al. (2005) and Hiremath

(2006). From the results of present investigation it

can be concluded that for obtaining higher growth,

yield and net returns, cowpea variety Konkan Safed

be sown in 52nd meteorological week during

Rabi-hot weather season under South Konkan

conditions.
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Oil seed crops have been the backbone of

agricultural economy of India and the world. Among

the oil seed crops, groundnut (Arachis hypogaea L.)

is an important crop both for oil and food. In India,

groundnut is known as poor man’s almond.

Groundnut has a useful role in offsetting

deficiencies as a rich source of edible oil and protein

which play important position in Indian diet. Apart

from its high oil (45-50%) and proteins (30-35%), it

contains 15-18% carbohydrates. It is good source

of minerals and vitamins. Plants require boron for

a number of growth processes, especially for new

cell development in meristimatic tissue, pollination

and fruit or seed setting, translocation of sugars,

starches, nitrogen and phosphorus, synthesis of

amino acids and proteins, nodule formation in

legumes.

Groundnut being leguminous oil seed crop, its

boron requirement is comparatively high. Copper

is an important component of proteins found in the

enzymes that regulate the rate of many biochemical

reactions in plants. Plants would not grow without

the presence of these specific enzymes. It plays an

essential role in chlorophyll formation and essential

for proper enzyme activity. Zinc is also very

important micronutrient in plant nutrition. It is

required for the formation of auxins and chloroplast

synthesis also for carbohydrate metabolism and for

starch formation and synthesis of tryptophan and

IAA. It plays an important role in maintaining the

quality of oil as well as yield of crop by the way of

accelerating several enzymatic activities. Under

Konkan conditions low temperature during the post-

rainy season is the major constraint for growth and

development of groundnut crop. Use of plastic film

mulch in groundnut has been found to increase the

yield than normal cultivation. It can increase the

soil temperature by 2.2 to 2.70c than normal

cultivation (Tang and Xu, 1986). Groundnut

productivity is low due to several factors. Intensive

agricultural practice with prolonged use of

micronutrient free high analysis fertilizer and

mining of plant nutrients through removal of

produce without returning the residues to the soil

resulted in wide spread micronutrient deficiency in

soil. Micronutrient deficiency in the cultivable lands

of recent years resulted in a heavy loss of crop yield.

To alleviate this problem, inorganic micronutrient

fertilizers are commonly recommended. Therefore

the field research was conducted with the objectives

of effect of micronutrients (B, Cu, Zn) on growth

and yield of Rabi groundnut under drip and mulch

in lateritic soils of Konkan.

An experiment on Groundnut (var. Konkan

Tapora) was conducted during Rabi-hot weather

season 2011-12 at Agronomy Department Farm,

College of Agriculture, Dapoli. The soil was sandy

clay loam in texture, medium in available N and P,

high in K availability and moderately acidic in

reaction (pH 5.8). The experiment was laid out in

randomized block design with three replications

which comprised of nine treatments viz.,T
1
: RDF +

Soil application of Cu + Zn, T
2
: RDF + Soil

application of Cu + B, T
3
: RDF + Soil application of

Zn + B, T
4
: RDF + Soil application of Cu + Zn + B,

T
5
: RDF + Foliar application of Cu + Zn, T

6
: RDF +

Foliar application of Cu + B, T
7
: RDF + Foliar

application of Zn + B, T
8
: RDF + Foliar application

of Cu + Zn + B, T
9
: Recommended dose of fertiliser

(RDF).

Well decomposed FYM and full dose of N and

P
2
O

5
 were applied to each plot as per the

recommendation (50:100:50 NPK kg ha-1) and

micronutrients boron, copper and zinc were applied

@ 1 kg ha-1, 10 kg ha-1 and 5 kg ha-1 respectively as

basal dose through soil and foliar application were

@ 0.2% B, 0.1% Cu and 0.5% Zn through foliar

application at 30 DAS and 50 DAS. The healthy and

well developed unbroken kernels were selected as

seed and treated with bavistin @ 1g kg-1 and seeds

were soaked in water for overnight before sowing.

Groundnut cultivar Konkan Tapora was shown on

BBF (Broad Bed Furrow) having 100 cm width and

30 cm height with 20 x 20 cm spacing by using 120

kg ha-1 seed rate. Each BBF was covered by

transparent polythene film used for mulching had

90 cm width, 0.007 mm (7 micron) thickness and

100 per cent elasticity. The common drip irrigation



was scheduled on alternate day based on pan

evaporation data. Plot size was kept 5.4 x 4.5 m2.

The other usual common package of practices was

carried out time to time and periodical growth

observations were recorded at an interval of 30 days.

Crop was harvested at physiological maturity and

data on yield attributes and yield were recorded.

The data in (Table 1) revealed that treatment

RDF + foliar application of Cu + Zn + B recorded

significantly highest mean plant height, mean no.

of functional leaves hill-1, no. of branches hill-1 and

dry matter production hill-1 over rest of the

treatments except RDF + soil application of Cu +

Zn + B which were at par to each other. The

increased plant height might be due to increased

uptake of copper, zinc and boron supplied through

both soil application and foliar spray application.

The assimilated copper, zinc and boron might have

played important role in growth and development

of crop plants because of their active role in plant

metabolic processes such as respiration and

carbohydrate synthesis which might have

contributed for taller plants. Also mean number of

functional leaves hill-1 increased might be due to

supplementation of optimum dose of copper, zinc

and boron through both soil and foliar spray at

vegetative growth which might have enhanced the

production of soluble carbohydrates and also

Table 1. Effect of micronutrients (B, Cu, Zn) on growth and yield attributes of Rabi groundnut

Treatments Growth Attributes Yield Attributes

Plant No. of No. of Dry Total No. No. of Weight of 100 Shelling

height functional branches matter of pods developed developed kernel percentage

(cm) leaves per per hill per hill per hill pods per pods per weight (%)

hill (g) hill hill (g) (g)

T1 26.67 59.60 14.75 25.04 29.93 26.36 37.82 59.10 68.93

T2 25.93 58.53 14.38 24.75 29.50 25.11 36.59 58.81 68.34

T3 27.25 60.82 14.94 25.20 31.85 27.94 39.96 59.45 69.45

T
4

29.61 65.83 16.31 28.26 37.73 32.84 45.05 62.06 72.17

T
5

27.83 62.27 15.14 26.88 33.02 28.66 42.05 60.70 71.73

T
6

27.46 61.61 14.90 26.25 32.70 28.23 41.08 59.85 69.90

T7 28.03 63.06 15.87 27.33 33.29 29.18 42.30 62.28 70.98

T8 30.59 67.29 18.21 30.38 38.54 34.93 46.97 63.30 73.33

T9 23.06 54.72 11.82 20.98 23.21 18.98 30.86 54.98 62.60

SEm + 0.81 1.38 0.76 0.94 1.73 1.53 1.37 1.07 1.94

CD at 5% 2.43 4.13 2.28 2.83 5.21 4.59 4.12 3.23 NS

General mean 27.38 61.52 15.14 26.11 32.19 28.02 40.29 60.05 69.71

Table 2. Dry pod yield (q ha-1), kernel yield (q ha-1) and haulm yield (q ha-1)

of groundnut as influenced by different treatment

Treatments Dry pod yield (q ha-1) Kernel yield (q ha-1) Haulm yield (q ha-1)

T1 30.03 20.71 38.33

T2 29.95 20.44 37.80

T3 30.28 21.05 38.70

T4 33.60 24.27 42.46

T
5

31.62 22.70 41.03

T
6

31.17 21.74 39.28

T
7

32.12 22.85 42.44

T
8

36.93 27.15 45.90

T9 26.54 16.62 33.10

SEm + 1.09 1.09 1.19

CD at 5% 3.28 3.29 3.58

General mean 31.36 21.94 39.89
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increased uptake of nitrogen due to copper, zinc and

boron nutrition might have resulted in more vegetative

growth, thereby enhanced more number of leaves.

These results confirm the findings of Sonawane et al.

(2010), Nadaf and Chindanandappa (2011).

The yield attributing characters viz. total no. of

pods hill-1, no. of developed pods hill-1, 100 kernel

weight and shelling percentage recorded highest

values for treatment RDF + Foliar application of Cu

+ Zn + B followed by RDF + soil application of Cu +

Zn + B. The increased in total dry matter yield may

be due to application of copper, zinc and boron

either through soil and foliar spray. This might be

due better vegetative growth viz., plant height, number

of leaves hill-1 and number of branches hill-1.

Data presented in table 2 indicated that the

application of micronutrients boron, copper and zinc

through both soil and foliar significantly increased

the dry pod yield, kernel yield and haulm yield over

RDF only. Treatment RDF + Foliar application of

Cu + Zn + B recorded significantly higher dry pod

yield (36.93 q ha-1), kernel yield ha-1 (27.15 q ha-1)

and haulm yield (45.90 q ha-1) of groundnut over

RDF only. This could be attributed to the significant

improvement in pod yield and formation of pods with

well-developed kernels which is evident from the

significantly higher shelling percentage. The

increase in haulm yield could be attributed to

increase in growth characters like plant height,

number of functional leaves hill-1, number of

branches hill-1 and dry matter accumulation hill-1

due to foliar application of copper, zinc and boron.

The better plant growth and improved yield

attributes finally led to higher dry pod yield, kernel

yield and haulm yield, as also reported by Singaravel

et al. (2006) and Janakiraman et al. (2004).

From the results of present investigation it can

be concluded that the foliar application of copper +

zinc + boron along with RDF was the best for

increasing the higher growth, dry pod yield, Kernel

yield and haulm yield of groundnut under drip and

mulch in lateritic soils of Konkan.
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Coastal Block of  Odisha using Remote Sensing and GIS
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Waterlogging is a serious problem in many parts

of Odisha, particularly in the coastal districts. The

problem of waterlogging is due to flat terrain of the

area, inadequacy and inefficiency of the drainage

systems, heavy precipitation and poor outfall

condition (Anonymous, 2010). The coastal area has

been formed by sediments deposited under a variety

of environments such as fluvial environment (sand

dunes, channel deposits etc.) by natural agencies

such as river water, sea wave tides, off shore

currents and winds. The crop yield in these areas

is very low in comparison with others due to

waterlogging and salinity. The main pre-requisites

of improvement in agricultural practice lie in making

provision of adequate drainage system to overcome

waterlogging. The coastal area being a flat land with

slope less than 0.02 percent, it does not permit easy

drainage. Poor drainage conditions thus have

developed waterlogging either due to surface

ponding or rising of groundwater table owing to

excess inflow as compared to outflow (Anonymous,

2010). Satellite remote sensing coupled with

geographical information system (GIS) has a

powerful role in periodic mapping of surface

waterlogged and drainage congested areas, as well

as, in the study of dynamics of land use. The low

reflection in near-infra-red wavelengths as

compared to the visible bands for water body have

been shown to exhibit the best tonal contrast for

detecting waterlogging (Sidhu et al., 1991). The

study area is Basudevpur (Bhadrak) (latitude

20o 44’N, longitude 86o15’ -86o56’) coastal areas of

Odisha which lies at the altitude between 5m and

45m above mean sea level. The region mainly covers

Gamai and Kansbans doab area of Mahanadi river

systems and lies in Bhadrak district of Odisha. The

predominant soil type is fine loam to fine sandy.

The main rock type is granite gneiss. Agriculture is

the main occupation of the people for the area. The

ground water table depth varies from 2-10 m below

ground level. There is crop loss due to waterlogging

every year in the area.

The data used for the study were satellite data

like geocoded data of IRSP-6 LISSIII date: 20th Oct.,

2010; path-107; row-057 and 7th Dec., 2010; land

use map and geomorphology map (IRS 1C/1D, 2002-

03) obtained from Odisha Remote Sensing

Application Centre (ORSAC), Bhubaneswar. The

collateral data were SOI toposheets nos. F45, O12;

cadastral village maps, groundwater table map and

soil series map. In the study, image processing of

IRSP-6 LISSIII data were carried out to map the

waterlogged area. ERDAS IMAGINE 11 software was

used for image processing. The normalized

difference water index (NDWI) was obtained.

The typical NDWI values for waterlogged areas

were found to be -0.63 to -0.14. The severe

waterlogged areas (>50 cm) were having NDWI

values of -0.63 to -0.37 and for slight waterlogging

(<50 cm) the values were -0.37 to -0.14. The

permanent water features showed an NDWI index

of 0.85 to -0.66. The NDWI values of permanent

water body, rice field and soil ranged between 0.85

to -0.66, 0.06-0.23 and 0.13-0.14, respectively. The

relatively low values of NDWI of rice (0.06-0.23) as

compared to grasses (0.09-0.28) in the area were

mainly due to low NIR reflectance from rice plants

after flowering (100-120 days after transplanting).

Thus, the NDWI values obtained through spectral

radiometry coupled with spatial data obtained

during f ield visit were used to obtain the

corresponding IRS pixel values in the NDWI image

during classification. The total area of the Block

obtained from MXL classified image was 29,257.8

ha. The major areas affected by waterlogging fell

near Barandua, Ratang, Kuruda and Kuali. When

the classified NDWI image showing waterlogging was

superimposed with hydogeomorphological maps and

groundwater table map, we found that the old

coastal plains which are depressed areas were

mostly supporting waterlogging. The study area is

drained by river Kansbans and Gomari in the north

and there are mainly 5 drainage lines namely,

Brahmanigan nala, Harisharanbindha nala, Barandua



nala, Samlan nala and Kanthisahi nala found in the

study image which was confirmed by SOI

toposheets. The soils of the study waterlogged area

came under three different soil series all of which

fell under inceptisol order. The severely waterlogged

areas (in Barandua, Kuali and Ratang) should be

treated with open drainage where soil texture is fine.

The areas where the land slope is very less (<0.02%)

and waterlogging is sl ight (Basudevpur,

Brahmanigan, etc.) bio-drainage (Eucalyptus,

Casuarina, etc.) can be adopted. Through the

initiation of new drainage, farmers can take two

crops instead of one (rice) in a year. Thus the

possible crop combination in the study area may

be paddy-paddy (Barandua and Ratang), paddy-

vegetables (Narsinghapur, Jaipur), paddy-legumes

(mung and kalai) (Betada, Kuali) etc. In the slight

waterlogged areas (Basudevpur, Brahmanigan

villages) construction of fish ponds and rice fish

farming will be useful. Since waterlogging is the

major production constraint in the area,

identification and development of genotypes (rice)

capable of withstanding stress conditions could also

be an ideal and affordable approach for poor farmers

of these areas (Zaidi et al., 2004; Trought and Drew,

1980). The NDVI values for the area where there were

100% crop loss were <0 (-0.09 to -0.25). Similarly the

NDVI values for 20% stand were 0.3-0.16. Thus there

were approximately 24.3 ha (0.3%) in Bhadrak which

suffered from 100% crop damage and approximately

32.4 ha (0.4%) area suffered from 80% crop damage.
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Among the oil seed crops, groundnut (Arachis

hypogae L.) is an important crop both for oil and

food. The overall yield of groundnut in Maharashtra

is decreasing steadily in recent past. Some of the

important reasons for decrease in productivity are

vagaries in monsoon, non-availability of high

yielding varieties, inadequate fertilizer application

and poor pest and disease management practices.

It has been realized that adequate attention is not

given towards the use of organic and inorganic

fertilizers to the crop. Besides this the use of high

grade straight and complex fertilizers is becoming

more popular now a days than the use of straight

ferti l izers l ike ammonium sulphate and

superphosphate, which is aggravating the problem

of secondary and micronutrient deficiencies in soil

leading to nutritional imbalance to the crop. In this

context, the supply of micronutrients viz. boron and

zinc needs to taken care of since they play a very

important role in groundnut production. The

groundnut crop comes up very well on Varkas lands

which are leveled by terracing the hill slopes in

Konkan region but yield has been found to be limited

by boron and zinc. The information on the effect of

the application of these nutrients on yield and

several other quality parameters in groundnut under

Konkan conditions is scanty and hence the present

study was undertaken.

The experiment was conducted during Kharif

2007 in sandy loam soil with groundnut as a test

crop at Central Experiment Station, Wakawali,

Pangari Block of Dr. Balasaheb Sawant Konkan

Krishi Vidyapeeth, Dapoli on newly terraced lateritic

soils of Konkan. The soil of the experimental field

was low in available N (220.88 kg ha-1), phosphorus

(10.26 kg ha-1) and potassium (142.46 kg ha-1), high

in available Fe (3.45 mg kg-1) and Mn (60.52 mg kg-1)

medium in Cu (1.92 mg kg-1) and deficient in

available Zn (0.42 mg kg-1) and B (0.24 mg kg-1).

The experiment was laid out in randomized block

design with three replications. There were ten

treatments viz. T
1
 absolute control, T

2
 control i.e.

recommended dose of N @ 25 kg ha-1 and P @ 50 kg

ha-1 (RDNP only), T
3
 Zn @ 2.5 kg ha-1 + RNDP, T

4
 Zn

@ 5 kg ha-1 + RNDP, T
5
 B @ 1 kg ha-1 + RNDP, T

6
 B

@ 1.5 kg ha-1 + RNDP, T
7
 Zn @ 2.5 kg ha-1 + RNDP,

T
8
 Zn @ 5 kg ha-1 + B @ 1 kg ha-1 + RNDP, T

9
 Zn @

2.5 kg ha-1 + B @ 1.5 kg ha-1 + RNDP and T
10

 Zn @

5 kg ha-1 + B @ 1.5 kg ha-1 + RNDP. The zinc and

boron were applied through zinc sulphate and boric

acid, respectively as per the treatment. The

recommended dose of N and P was given to all

treatments from T
2
 to T

10
 and common dose of FYM

@ 5 t ha-1 was given to all treatments except absolute

control. Healthy seeds of groundnut variety TG-26

was sown by dibbling two seeds at each hill at

spacing of 30x15 cm. The biometric observations

to access the effect of treatments on the growth and

development of crop were recorded. Similarly, the

yield of pod, and stover were recorded and

representative samples were analyzed for quality

parameters and nutrient content.

The application of zinc and boron showed

significant effect on growth and yield contributing

parameters (Table 1). Application of boron @ 1.5 kg

ha-1 + RDNP (T
6
) significantly increased the plant

height which was at par with T
5
, T

7
, T

8
, T

9
, T

10
 and

significantly superior over rest of the treatments.

Balusamy et al. (1996) reported that application of

B to soybean significantly increased the plant

height. Application of Zn @ 5.0 kg ha-1 + B @ 1.5 kg

ha-1 + RDNP (T
10

) significantly increased the,

number of leaves per plant (50.17) which was at

par with T
4,

 T
6
 and T

9
 and significantly superior

over rest of the treatments. As far as number of

pods is concerned, significantly higher number of

pods per plants were recorded with treatment T
10

(27.00) over rest of all treatments except T
8
. Rathod

(2005) reported that application of Zn and B to



soybean significantly increased the number of pods

per plant. The application of B and Zn alone and in

combinations did not produce significant effects on

number of leaves and 1000 kernel weight.

The data presented in Table 2 showed that the

pod, kernel and stover yield of groundnut increased

significantly due to application of zinc and boron.

The pod yield of TG-26 variety of groundnut

increased significantly from 23.71 q ha-1 to 36.54 q

ha -1 due to various treatments (T
2 

to T
10)

 as

compared to control. There was 22.44 to 54.11 per

cent increase in yield over control due to various

treatments. The highest pod yield (36.54 q ha-1) was

obtained with T
10

 i.e. Zn @5 + B @1.5 kg ha-1 RDNP

which was significantly superior over rest of

treatments. Sudarshan and Ramaswami (1993), also

reported that the pod yield of groundnut increased

significantly due to application of zinc and boron

along with recommended dose of NPK. The stover

yield of TG-26 variety of groundnut increased

significantly from 49.48 to 58.67 q ha-1 due to

various treatments (T
2 
to T

10
) as compared to control

(T
1
). The stover yield was highest (58.67 q ha-1) with

treatment T
6
 receiving boron @1.5 kg ha-1 + RDNP

and which was significantly superior over treatment

T
1
 (absolute control), T

5
 B @1.0 kg ha-1 + RDNP)

and T
9 

(Zn @2.5 kg ha-1 + B @ 1.5 kg ha-1) and was

at par with rest of the treatments. Mahakulkar

et al. (1994) reported that the application of B @1 kg

ha-1 and Mo @1 kg ha-1 increased the stover yield

significantly from 20.41 q ha-1 (control) to 35.37 q

ha-1. The data presented in Table 3 showed that the

Table 2. Effect of different levels of zinc and boron on pod and stover yield of groundnut.

Tr. No. Pod yield Kernel yield (q ha-1) Stover yield (q ha1)

q ha-1 % Increased

over control

T1 23.71 – 17.66 34.09

T2 29.03 22.44 21.77 52.87

T
3

30.80 29.20 23.98 56.77

T
4

31.89 34.50 24.30 55.67

T
5

29.20 23.15 22.39 51.54

T
6

31.83 34.25 23.86 58.67

T7 31.15 31.38 23.48 53.10

T8 33.26 40.28 24.55 52.01

T9 32.24 35.98 24.26 49.48

T10 36.54 54.11 27.64 57.70

Mean 30.96 – 23.39 52.14

CD (0.05) 3.101 – 2.526 6.76

Table 1. Effect of different levels of zinc and boron on growth and yield contributing parameters

Tr. No. Plant height Branches plant-1 Leaves plant-1 Pods plant-1 1000 kernel

(cm) (cm) (cm) weight (g)

T
1

43.37 5.77 40.13 15.07 458.70

T
2

47.45 6.53 43.07 15.93 455.60

T
3

47.60 6.17 42.43 18.67 478.60

T
4

51.17 6.47 46.50 23.13 461.20

T5 54.00 5.87 41.07 23.13 453.53

T6 59.96 6.00 48.33 20.53 461.93

T7 57.03 6.70 40.80 18.40 543.43

T8 54.90 6.60 42.60 25.97 477.97

T
9

59.30 6.03 47.88 21.60 468.70

T
10

57.80 6.17 50.17 27.00 479.40

Mean 53.25 6.23 43.93 20.94 6.23

CD (0.05) 6.21 NS 5.728 1.728 NS
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quality parameters of groundnut like oil, protein and

methionine content in kernels were increased

significantly due to application of zinc and boron.

Protein content in kernel of groundnut varied

from 21.94 per cent to 28.86 per cent. Application

of zinc and boron alone and in combinations

increased the portion content significantly. The

highest protein content (28.86%) was recorded with

treatment T
10

 i.e. Zn @5.0 kg ha-1 + B @1.5 kg ha-1

+ RDNP which was significantly superior over rest

of the treatments, except the treatment T
6
 i.e B @

1.5 kg ha-1 + RDNP and T
9
 i.e. Z @2.5 kg ha-1 + B

@1.5 kg ha-1 + RDNP which were at par with T
10

.

Sudarshan and Ramaswami (1993) also reported

that the crude protein content in groundnut kernels

increased significantly from 25.3 per cent (control)

to 29.3 per cent due to combined application of zinc

and boron.

The oil content in the kernels of groundnut was

recorded in the range of 42.33 to 50.67 per cent

with the mean value of 47.80 per cent. The highest

oil content was recorded with treatment T
10 

i.e. Zn

@5.0 kg ha-1 + B @1.5 kg ha-1 + RDNP which was

significantly superior over rest of treatments except

treatments T
7
, T

8
 and T

9
 were at par with T

10
 in

increasing the oil content in kernels of groundnut.

Sudarshan and Ramaswami (1993) also reported

that the oil content in kernels of groundnut

increased significantly from 47.5 per cent (control)

to 51 per cent due to combined application of zinc

and boron. The methionine content in the kernels

of groundnut was recorded in the range of 104.33

mg 100 g-1 kernels to 220.67 mg 100 g-1 kernels

with a mean value of 167.8 mg 100 g-1 kernels. The

highest methionine content (220.67 mg 100 g-1

kernels) was recorded with treatment T
10

 i.e. Zn

Table 3. Effect of different levels of zinc and boron on quality parameters of groundnut

Tr. No. Protein (%) Oil (%) Methionine (mg 100 g-1)

T1 21.94 42.33 104.33

T
2

23.76 45.33 131.33

T
3

24.92 47.00 152.67

T
4

25.69 47.33 170.67

T5 26.10 47.00 149.00

T6 28.11 47.67 167.33

T7 26.36 50.00 186.00

T8 26.78 50.33 200.67

T
9

28.29 49.33 195.33

T
10

28.86 50.67 220.67

Mean 26.08 47.70 167.80

CD (0.05) 0.950 1.410 5.177

Table 4. Effect of different levels of zinc and boron on nutrient uptake by groundnut

Tr. No. Total nutrient uptake

N (kg ha-1) P (kg ha-1) K (kg ha-1) Zn (g ha-1) B (g ha-1)

T1 96.66 6.00 56.57 151.81 26.33

T2 149.74 14.94 77.27 226.56 43.64

T3 171.43 15.82 93.40 283.05 53.01

T4 173.79 16.22 97.45 327.59 57.87

T
5

161.61 12.97 80.45 236.92 83.25

T
6

185.26 15.76 86.54 271.86 110.74

T
7

171.72 14.07 92.91 284.47 89.19

T
8

178.84 15.91 90.85 327.22 92.95

T9 179.91 13.50 83.61 307.07 104.30

T10 211.49 14.85 85.83 392.55 127.28

Mean 168.05 14.00 84.49 280.91 78.86

CD (0.05) 19.959 1.932 9.666 36.12 13.02
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@5.0 kg ha-1 + B @1.5 kg ha-1 + RDNP which was

significantly superior over rest of the treatments.

Further the results also showed that application of

zinc and boron in combination (T
7
 – T

10
) increased

the methionine content significantly over their

individual application (T
3
 – T

6
). Rathod (2005) also

reported that the methionine content in soybean

flour increased significantly due to application of

zinc and boron along with lime and recommended

dose of fertilizers.

The data presented in Table 4 showed that the

uptake of nutrient by groundnut were increased

significantly by application of zinc and boron. The

total uptake of N by groundnut crop was increased

from 96.66 to 211.49 kg ha-1 with a mean of 168.04

kg ha-1. The highest N uptake (211.49 kg ha-1) was

recorded with treatment T
10

 i.e. Zn @5.0 kg ha-1 +

B @1.5 kg ha-1 + RDNP which was significantly

superior over rest of the treatments. Vyas et al.,

(2003) also reported that total nitrogen uptake by

soybean crop was increased significantly from 75.75

(control) to 89.50 kg ha-1 due to application of Zn

@5.0 kg ha-1 and FYM @10 t ha-1. Mahajan et al.

(1994) also reported that total nitrogen uptake by

soybean crop was increased significantly from 61.8

(control) to 127.4 kg ha-1 due to application of boron

B @0.5 kg ha-1 through boronated super phosphate.

The total P uptake was increased from 6.00 to 16.22

kg ha-1 with a mean value of 14.00 kg ha-1. The

maximum P uptake was recorded with treatment T
4

i.e Zn @5.0 kg ha-1 + RDNP (16.22 kg ha-1) which

was significantly superior over rest of treatments

except treatments T
2
, T

3
, T

6
, T

8
 and T

10 
which were

at par with T
4
. Babhulkar et al. (2000) also reported

that, total uptake of phosphorus by safflower was

significantly increased from 15.58 kg ha-1 (control)

to 20.75 kg ha-1 due to application of zinc @15 kg

ha-1. The total potassium uptake was increased from

57.97 to 94.91 kg ha-1 with a mean value of 86.17

kg ha-1.The highest K uptake (94.91 kg ha-1) was

recorded with treatment T
3
 i.e Zn @ 2.5 kg ha-1 +

RDNP which was significantly superior over T
1
, T

2
,

T
5
 and at par with rest of the treatments, Babhulkar

et al. (2000) also reported that the potassium uptake

by safflower was significantly increased from 56.17

kg ha-1 (control) to 69.96 kg ha-1 due to application

of zinc @ 15 kg ha-1. The total uptake of zinc was

registered in the range of 151.81 to 392.55 g ha-1

with a mean value of 280.91 g ha-1. The highest

zinc uptake was recorded with T
10

 i.e. Zn @5.0 kg

ha -1 + B @1.5 kg ha -1 + RDNP, which was

significantly superior over rest of the treatments.

Sudarshan and Ramaswami (1993) also reported

that total zinc uptake by groundnut crop was

increased significantly from 155 g ha-1 (control) to

393 g ha-1 of treatment receiving both zinc and boron

in combination. The total uptake of B was registered

in the range of 26.33 to 127.28 g ha-1 with a mean

of 78.85 g ha-1. The highest B uptake (127.28 g ha-

1) was registered with the treatment T
10 

i.e. Zn @5.0

kg ha-1 + RDNP which was significantly superior

over rest of the treatments. All the treatments from

T
2
 to T

10
 showed significant effect in B uptake when

compared with T
1
 i.e. absolute control. Malewar

et al. (2001) also reported that application of Zn

and B in combination to mustard crop significantly

increased the B uptake over control treatment. From

the present study it is concluded that application

of zinc @5.0 kg ha-1 + boron @ 1.5 kg ha-1 along

with recommended dose of N @25 kg ha-1 and P @

50 kg ha-1 is beneficial for increasing yield,

improving quality parameters of and increasing

nutrient uptake by groundnut.
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Effect of  Inorganic fertilizers and FYM on Growth, Yield and

Quality Parameters of  Onion in Lateritic Soils of  Konkan
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Fertilizers are the most important input in crop

production. Although, continuous use of high value

chemical fertilizer is increased the crop yield during

the initial years, but latter on it adversely affects

the sustainability. The decline in soil fertility and

the resultant productivity are the matter of nutrient

imbalance which has been recognized as one of the

most important limiting factors for decreasing crop

yield. Integrated application of inorganic fertilizers

and organic sources of nutrients is an effective way

would not only to reduce the sole dependence on

inorganic ferti l izers, but also enhance the

productivity as well as minimize environmental

hazards. The information on the effect of inorganic

fertilizers and FYM on growth, yield and quality

parameter of onion under Konkan condition is highly

scanty. Hence, an attempt was made to study the

influence of inorganic fertilizers and FYM on growth,

yield and quality parameters of Onion in lateritic

soils of Konkan.

A field trial was conducted at Pangari block of

Irrigation Scheme at Central Experimentation

Station, Wakawali during Rabi season of 2009-10.

The soil was sandy clay loam in texture, moderately

acidic in reaction (pH 5.6) and having electrical

conductivity 0.10 dS m-1. The status of organic

carbon (9.10 g kg-1) was high where as available

nitrogen (265.00 kg ha-1) was medium, available

phosphorus (9.68 kg ha-1) was low and the available

potassium was moderately high (239.23 kg ha-1),

DTPA extractable micronutrients (Fe, Mn, Zn and

Cu) were 40.12, 35.14, 0.620 and 6.05 (mg kg-1),

respectively. There were Twelve treatment

combinations comprising of 3 levels of NPK fertilizers

(C
1
-100 kg N 50 kg P

2
O

5
 and 50 kg K

2
O ha-1, C

2
-

125 kg N, 62.5 kg P
2
O

5
 and 62.5 kg K

2
O ha-1 and

C
3
-150 kg N, 75 kg P

2
O

5
 and 75 kg K

2
O ha-1) and

four levels of FYM (F
1
-10 t FYM ha-1, F

2
-15 t FYM

ha-1, F
3
-20 t FYM ha-1, F

4
-25 t FYM ha-1) replicated

thrice using Factorial Randomized Block Design.

Significantly maximum plant height was

observed with C
3
 150 kg N, 75 kg P

2
O

5 
and 75 kg

K
2
O ha-1 fertilizer level. FYM had also remarkable

positive effect on plant height. Application of FYM

at F
3
 level exhibited significantly higher plant height

over other FYM levels. Highest plant height (56.47

cm) was noted with C
3
F

3 
and treatments C

3
F

4
 and

C
2
F

3 
were at par with C

3
F

3
 with 56.20 and 56.00

cm height, respectively (Table 1). The highest plant

height was recorded with C
3
 level of inorganic

fertilizer could be attributed to the increased

nutrient availability. Kumar et al., (1998) reported

that application of NPK @150:70:70 kg ha -1

significantly influenced plant height (57.23 cm).

Similar results were also reported by Nandi et al.

(2002) and Tiwari et al. (2002). As like inorganic

fertilizer application of FYM could also favorably

influence the plant height. Apart from individual effect,

combined effect of inorganic fertilizer and FYM

application (CxF) was also significant on plant height.

Such beneficial effect have also been reported by

Kumar and Singh (2002) and Sharma et al. (2003).

The maximum and significant number of leaves

plant-1 were recorded with C
3 

fertilizer level i.e. 150

kg N, 75 kg P
2
O

5
 and 75 kg K

2
O ha-1 as compared

to rest of the treatments. The application of FYM @

20 t ha-1 (F
3
) showed significantly higher number of

leaves per plant over rest of combinations. Kumar

et al., (1998) also found that number of leaves per

plant were significantly influenced due to the

application of 150 kg N, 70 kg P
2
O

5
 and 70 kg K

2
O

kg ha-1. As far as the interaction effect between

fertilizer and FYM levels is concerned significant

effect was observed on number of leaves. The results

are in agreement with those reported by Kumar and

Singh (2002) and Sharma et al. (2003) (Table 2).

It is seen from the data that the significantly

higher plant girth (6.33 cm) was recorded with C
3

fertilizer level which was superior over rest of the

fertilizer levels. The FYM at F
3
 level 20 t ha-1 had

given higher girth (7.15 cm). As far as interaction

effect in concerned, the plant girth was found

significantly higher with C
3
F

3
 (7.03 cm) over rest of

treatment combinations except C
3
F

4
 and C

3
F3 which

were at par with C
3
F

3
.
 
All the beneficial effect of

inorganic fertilizers and FYM were ultimately



Table 1. Effect of inorganic fertilizers and FYM on plant height (cm)

Treatments C1 C2 C3 Mean

F
1

43.82 45.50 50.53 46.62

F2 48.28 50.50 52.74 50.51

F3 53.67 56.00 56.47 55.38

F4 52.27 54.27 56.20 54.24

Mean 49.51 51.57 53.99

C effect F effect C x F effect

CD at 5% 0.21 0.29 0.86

Table 2. Effect of inorganic fertilizers and FYM on number of leaves per plant

Treatments C1 C2 C3 Mean

F1 5.63 6.17 5.97 5.92

F2 6.30 6.37 6.53 6.40

F3 6.72 7.13 7.60 7.15

F4 6.37 7.00 7.40 6.92

Mean 6.25 6.67 6.88

C effect F effect C x F effect

CD at 5% 0.06 0.07 0.22

Table 3. Effect of inorganic fertilizers and FYM on girth of plant

Treatments C1 C2 C3 Mean

F1 4.47 5.27 5.40 5.04

F2 5.50 5.63 5.93 5.69

F3 6.13 6.87 7.03 6.68

F
4

5.73 6.25 6.93 6.31

Mean 5.46 6.00 6.33

C effect F effect C x F effect

CD at 5% 0.05 0.06 0.18

Table 4. Effect of inorganic fertilizers and FYM on bulb yield (t ha-1)

Treatments C
1

C
2

C
3

Mean

F
1

4.93 6.16 5.95 5.68

F2 6.70 6.88 7.21 6.93

F3 8.15 9.19 9.44 8.92

F4 7.11 8.36 9.18 8.22

Mean 6.72 7.65 7.95

C effect F effect C x F effect

CD at 5% 0.07 0.10 0.29

reflected on girth of as evident from the plant height.

Nandi et al. (2002) also reported similar results

showing significantly maximum plant girth with

inorganic fertilizer dose 150 kg N, 80 kg P
2
O

5
 over

control. Kumar et al. (2002) reported that application

of inorganic fertilizers @150 kg N, 80 kg and 60 kg

K
2
O plus FYM @20 t ha-1 resulted in higher girth of

plant than individual effect.
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Different treatment significantly increased the

bulb yield over control. The fertilizer levels, C
3
 150

kg N, 75 kg P
2
O

5
 and 75 kg K

2
O ha-1 recorded

significantly higher bulb yield (7.95 t ha-1) as

compared to C
1
 and C

2
. With respect to effect of

FYM on bulb yield, application of FYM @ 20 t ha-1

produced significantly higher bulb yield (8.92 t ha-1)

as compared to F
1
 (5.68 t ha-1), F

2
 (1.93 t ha-1) and

F4 (8.22 t ha-1). As far as the interaction effect of

Ferti l izer and FYM is concerned, treatment

combination C
3
F

3 
(9.44 t ha -1)  registered

significantly higher bulb yield over rest of the

treatment combinations and the treatments C
2
F

3
 &

C
3
F

4
 were at par with C

3
F

3
 (Table 4). Increased level

of phosphorus and potassium with nitrogen were

responsible for increasing bulb yield, it may be due

to an important role of potassium in photosynthetic

activities and more in translocation of food material

assimilated by them and of phosphorus in metabolic

activities of plant. Increase in bulb yield of onion

due to application of inorganic fertilizer and FYM

was also reported by Kumar et al., (2002). They

observed that 150 kg N, 80 kg P
2
O

5 
and 60 kg K

2
O

ha-1 + 20 t FYM ha-1 resulted in significant increase

in bulb yield over individual application. Sharma et

al., (2003) also reported significant increase in the

yield of onion due to application of 150 % RDF + 20 t

FYM ha-1 over 50 % RDF. The results are in agreement

with those reported by Hari on and Srivastava (1978)

and Saimbhi and Randhawa (1983).

Application of C
3
 fertilizer level had showed

higher value of T. S. S (12.61 %) over rest of fertilizer

levels. The FYM level F
3
 20 t FYM ha-1 recorded

higher T.S.S. (12.82%) which was significantly

Table 7. Effect of inorganic fertilizers and FYM on total sugar (%)

Treatments C1 C2 C3 Mean

F1 3.773 4.070 3.693 3.846

F
2

4.400 3.950 3.820 4.057

F
3

4.493 4.087 4.730 4.437

F
4

4060 4.610 4.223 4.298

Mean 4.182 4.179 4.117 –

C effect F effect C x F effect

CD at 5% N. S. 0.102 0.307

Table 6. Effect of inorganic fertilizers and FYM on reducing sugar (%)

Treatments C1 C2 C3 Mean

F1 1.867 1.800 1.783 1.817

F2 1.903 1.630 1.733 1.756

F3 1.757 1.503 1.557 1.606

F4 1.530 1.520 1.803 1.618

Mean 1.764 1.613 1.719 –

C effect F effect C x F effect

CD at 5% 0.030 0.040 0.119

Table 5. Effect of inorganic fertilizers and FYM on total soluble solids of bulb (%)

Treatments C
1

C
2

C
3

Mean

F
1

11.70 11.63 11.90 11.74

F
2

11.97 12.03 12.27 12.09

F3 12.50 12.80 13.17 12.82

F4 12.13 12.67 13.10 12.63

Mean 12.08 12.28 12.61 –

C effect F effect C x F effect

CD at 5% 0.05 0.06 0.18
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superior over rest of the levels. As regards interaction

effect, the treatment combination C
3
F

3
 recorded the

higher (13.17%) T.S.S. value which was significantly

superior over rest of the treatments except the

treatment C
3
F

4
 which was at par with C

3
F

3
 with a

value of TSS 13.10% at harvest stage. Total soluble

solids of onion bulb is one of the most important

chemical character which is used as a tool in

dehydration process. It also play an important role in

storage ability of onion bulbs. The results confirm

the findings of Sriniwas and Naik (1987), Hegde

(1986) and Tiwari et al. (2002) (Table 5). Application

fertilizer level C
1
 exhibited higher percentage of

reducing sugar (1.764%) in bulb as compared to

other inorganic fertilizer levels. Significantly higher

percentage of reducing sugar (1.817 %) was observed

with F
1
 level (10 t ha-1) over rest of FYM levels. As

far as interaction effect is concerned, higher

percentage (1.903%) of reducing sugar was showed

by C
1
F

2
 which was significantly superior over the

rest of the treatments except C
1
F

1
, C

3
F

4
 and C

2
F

1
.

Application of FYM @20 t ha -1 exhibited

significantly higher percentage (4.437 %) of total

sugar over other FYM levels tried. As far as

interaction effect of fertilizer and FYM is concerned,

C
3
F

3
 combination had given higher percentage of

(4.730%) total sugar at harvest, which was

significantly superior over rest of the treatment

combinations except the treatment C
2
F

4 
(4.610%)

and C
1
F

3
 (4.493%) were at par with C

3
F

3
. The

increase in TSS and total sugar of onion bulb might

be due to increased carbohydrates production

during photosynthesis. These results are in

conformity with Singh and Tiwari (1993) reported

significant increase in the total sugar percentage of

onion bulb (Table 7). From the present study it can

be concluded that application of N:P2O5:K2O

@150:75:75 kg ha-1 along with FYM @20 t ha-1 is

recommended for higher crop yield growth, and

quality of onion under lateritic soils of coastal region

of Konkan.
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Effect of  water stress on water use efficiency and carbon

isotope discrimination in fodder cowpea varieties
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Fodder cowpea (Vigna unguiculata L. Walp) is a

legume inherently more tolerant to drought than

other fodder legumes (Fatokun et al., 2009) and

considered as a crop capable of improving

sustainability of livestock production through its

contribution in improving seasonal fodder

productivity and nutritive value. It has shade

tolerance, quick growth and rapid ground covering

ability. Summer cowpea irrigated according to a

schedule based on IW/CPE ratio of 0.8 recorded the

maximum dry matter production and plant height

(Subramaniam et al., 1993). Fodder cowpea varieties

CO-5, COFC- 8, UPC - 618, UPC-622, Bundel Lobia-

1 are high yielding and suitable for cultivation in

Kerala (Rajasree, 1994; Lakshmi et al., 2007;

Gayathri, 2010). It is the most widely cultivated

fodder legume in areas where rainfall is scanty and

soils are relatively infertile. Most households that

keep livestock raise fodder cowpea as an intercrop

with other crops and fodder cowpea forms an integral

component of crop livestock farming system (Singh

and Tarawali, 2011).

 Water stress affects photosynthesis directly

and indirectly and consequently dry matter

production and its allocation to various plant

organs. Water use efficiency is the production of

moles of carbon gained in photosynthesis in

exchange for water used in transpiration. Water use

efficiency is an important trait for improving drought

tolerance in fodder cowpea, WUE would help save

considerable amount of irrigation water. Carbon

isotope discrimination (CID), one technique used to

determine the efficiency of water use, was positively

correlated with forage yield and maturity. Carbon

isotope discrimination in plant leaves has been

negatively associated with water use efficiency

(Fening et al., 2009). Therefore, an assessment of

the selection response of CID and its relationship

to plant water status is needed. It is in this context

that this study was undertaken to assess the

performance of five fodder cowpea varieties and the

relationship of CID and WUE under varying soil

moisture regimes both in open and shaded situation

during the lean dry months.

A field experiment was conducted in the upland

area of the Instructional Farm of College of

Agriculture, Vellayani, Trivandrum during the

summer season of 2012. The investigation was

conducted as two separate experiments, one in open

and another in shaded situation (25-35 per cent

shade). The design was laid out in split plot with

four replications. The main plot factor included four

soil moisture stress levels, M
1
: presowing irrigation

+ life saving irrigation; M
2
 :presowing irrigation +

irrigation at IW/CPE ratio 0.4, M
3
 : presowing

irrigation + irrigation at IW/CPE ratio 0.6, M
4
 :

presowing irrigation + irrigation at IW/CPE ratio 0.8.

The sub plot factor included five fodder cowpea

varieties, V
1
-UPC-618, V

2
-UPC-622, V

3
-Bundel

Lobia-1, V
4
-COFC-8 and V

5
-CO-5. Presowing

irrigation was given to all the plots uniformly upto

10 days after sowing for germination and

establishment. Thereafter irrigation was given as

per the treatments based on the evaporation data

and depth of irrigation. The quantity of water applied

to each plot in one irrigation was 600 litres. FYM @

10 t ha-1 was applied uniformly to all the plots at

the time of final preparation of land. Entire dose of

phosphorus was given as basal @ 30 kg ha-1. Nitrogen

@ 40 kg ha-1 and potassium @ 30 kg ha-1 were given

in two equal splits, one as basal and one after one

month of sowing. The fodder cowpea varieties as

per treatments were sown at a spacing of 30 x 15cm

@ 2 seeds hole-1 on 14th January 2012 both in open

as well as in shade (25-35 per cent). The carbon

isotope discrimination ratio (CID) is 
13

C /
12

C was

determined for calculating the isotope discrimination.

The third fully opened leaf of ten sample plants were

collected and oven dried and ground and the

samples were sent to the National Facil ity

Department of Crop Physiology, UAS Bangalore for

determining the CID ratio using IRMS (Isotope Ratio

Mass Spectrophotometer). Field water use efficiency

was calculated by dividing the economical crop yield

by the total quantity of water applied in the field

(WR) and expressed in kg ha-1mm-1.



 The results of the effect of soil moisture stress

levels and varieties on stable isotope discrimination

of fodder cowpea in open and shaded condition are

presented in Table 1 & 2. Both the treatments had

significant impact on stable isotope discrimination

of fodder cowpea in both conditions. In open

condition, significantly lower carbon isotope

discrimination ratio (CID) (18.99) was recorded by

irrigating at IW/CPE ratio of 0.4 (M
2
), followed by

irrigation at IW/CPE ratio 0.6 (M3) (19.14) which

was on par with IW/CPE ratio of 0.8 (M
4
) (19.18).

Among the varieties COFC-8 (V
4
)  recorded

significantly lower CID ratio (17.98) followed by UPC-

622 (V
2
) (19.34) which was on par with Bundel

Lobia-1 (V
3
) (19.53). The interaction effect was non-

significant. Under 25-35 per cent shaded condition

both the treatments had significant influence on CID

ratio of fodder cowpea. Significantly lower CID ratio

(20.40) was recorded by irrigation at IW/CPE ratio

of 0.6 (M
3
) followed by irrigation at IW/CPE ratio of

0.8 (M
4
) (21.91) which was on par with irrigation at

IW/CPE ratio of 0.4 (M2) (21.91). Among the varieties

COFC-8 (V
4
) recorded significantly lower CID ratio

(20.46) which was on par with UPC-618(V
1
) (20.84).

The interaction effect was non-significant. Carbon

isotope discrimination tends to decrease in a linear

manner from the highest to lowest water level

(Johnson et al., 2003). The isotopic ratio of 
13

C to

12
C in plant tissue is less than the isotopic ratio of

13
C to 

12
C in the atmosphere, indicating that plants

discriminate against 
13

C during photosynthesis. The

isotopic ratio of 
13

C to 
12

C in C
3
 plants varies mainly

due to discrimination during dif fusion and

enzymatic process (Farquhar et al . ,  1989).

Decreasing soil moisture during dry periods

decreased leaf conductance and intercellular CO
2

levels, which in turn lowered carbon isotope

discrimination (Farquhar and Richards, 1984;

Johnson et al., 1990). Considerable variations in

carbon isotope discrimination were reported in

forage grasses and legumes under different soil

moisture stress levels by Sima et al. (2010).

Varieties also showed significant influence on stable

isotope discrimination both in open and shade.

Among the varieties, COFC-8 recorded lower carbon

isotope discrimination in both the conditions. The

rate of diffusion of 
13

C across the stomatal pore in

this variety is more compared to other varieties,

which leads to higher water use efficiency. Similar

results were also reported by Sima et al. (2010) in

Festuca pratensis and Lolium corniculatus

The effects of treatments are significant with

respect to water use efficiency of fodder cowpea in

open condition. Significantly higher water use

efficiency (42.95 kg ha-1 mm-1) was recorded by

irrigation at IW/CPE ratio of 0.4 (M2) which was on

par with irrigation at IW/CPE ratio of 0.6 (M
3
) (41.31

kg ha-1mm-1). This might be attributed to the strong

sensitivity of cowpea stomata to water stress with

Table 1. Effect of soil moisture stress levels and varieties on stable isotope

discrimination (
13

C) and water use efficiency (WUE) of fodder cowpea

Treatments Stable isotope discrimination Water use efficiency (kg ha-1 mm-1)

Open Shade Open Shade

Soil moisture stress levels (M)

M
1
- Life saving 20.19 22.50 36.55 17.00

M
2
- IW/CPE = 0.4 18.99 21.91 42.95 20.07

M
3
- IW/CPE = 0.6 19.14 20.40 41.31 21.65

M
4
- IW/CPE = 0.8 19.18 21.91 37.14 17.31

SEm + 0.546 0.293 1.249 0.671

CD (0.05) 0.874 0.469 1.999 1.073

Varieties (V)

V
1 

- UPC 618 19.98 20.84 37.53 20.95

V
2
 - UPC 622 19.34 21.28 41.64 18.63

V
3
- Bundel lobia-1 19.53 21.63 40.26 18.21

V4 - COFC -8 17.98 20.46 48.03 22.24

V5 - CO-5 20.81 22.85 29.99 15.01

SEm + 0.344 0.356 1.460 0.545

CD (0.05) 0.49 0.506 2.076 0.775
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reduction in photosynthetic capacity. Supporting

results were recorded by Ahmed and Suliman (2010)

in fodder cowpea genotypes. They attributed the

effect of drought on WUE to stomatal closure,

decreased transpiration and decreased leaf

turgidity, which have consequences on

photosynthesis. Similar results were reported by

Volesky and Berger (2012) in warm season annual

grasses and Hayatu and Mukhtar (2010) in fodder

cowpea genotypes. Among the varieties, COFC-8 (V
4
)

recorded significantly higher WUE (48.03 kg ha-1

mm-1) followed by UPC-622 (V
2
) (41.64 kg ha-1 mm-1).

Significant variations among varieties were also

recorded in open and partial shade. Among the

varieties, COFC-8 recorded a higher WUE both in

open and in partial shade. Isotope discrimination

is inversely related to water use efficiency and

COFC-8 had higher WUE and lower 
13

c. Hamidou

et al. (2007) showed that stomatal closure is the

common strategy used by cowpea genotypes to avoid

dehydration. Considerable variations in WUE in

fodder cowpea genotypes were reported by Hayatu

and Mukhtar (2010).

The interaction effect was non-significant.

Under 25-35 per cent shade, significantly higher

WUE (21.65 kg ha-1 mm-1) was recorded by irrigation

at IW/CPE ratio of 0.6 (M
3
) followed by irrigation at

IW/CPE ratio of 0.4 (M
2
) (20.07 kg ha-1 mm-1).

Among the varieties, COFC-8 (V
4
) recorded higher

WUE of 22.24 kg ha-1mm-1 followed by UPC-618 (V
1
)

(20.95 kg ha-1 mm-1). The interaction effect was non-

significant.

Table 2. Interaction effect of soil moisture stress levels and varieties on stable isotope

discrimination (13C) and water use efficiency (WUE) of fodder cowpea

Treatments Stable isotope discrimination Water use efficiency (kg ha-1 mm-1)

Open Shade Open Shade

M x V

m1v1 20.71 22.20 34.33 18.49

m
1
v

2
20.11 22.80 38.66 16.39

m
1
v

3
20.15 22.33 37.27 16.70

m1v4 18.16 21.49 46.25 19.55

m
1
v

5
21.83 23.72 26.26 13.88

m
2
v

1
19.65 20.35 40.63 22.42

m2v2 19.94 20.17 42.75 19.37

m2v3 18.94 21.20 41.78 18.84

m
2
v

4
17.31 20.11 53.23 23.78

m
2
v

5
20.10 22.30 36.30 15.94

m3v1 19.43 19.62 40.72 23.92

m
3
v

2
18.58 20.43 45.12 21.55

m
3
v

3
19.29 20.79 41.64 20.68

m3v4 17.82 19.33 48.99 25.47

m3v5 20.6 21.84 30.68 16.65

m
4
v

1
20.11 21.19 34.43 18.96

m4v2 19.74 21.73 40.01 17.23

m4v3 19.72 22.22 40.28 16.63

m
4
v

4
18.61 20.91 43.64 20.16

m
4
v

5
20.70 23.52 27.34 30.58

SEm + 0.344 0.356 1.460 0.545

CD (0.05) NS NS NS NS
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