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PHOSPHATE SORPTION PARAMETERS
IN RELATION TO SOIL PROPERTIES IN SOME
MAJORAGRICULTURAL SOILS OF INDIA
I. Rashmi1, V. R. R. Parama*2 and A. K. Biswas1
1

ICAR-Indian Institute of Soil Science, Bhopal (M.P.), India
Department of Soil Science and Agricultural Chemistry, UAS, Bangalore (Karanataka), India

2

ABSTRACT
Phosphorus sorption characteristics of some Indian representative
agricultural soils belonging to four soil orders namely Vertisol, Inceptisol,
Alfisol and Ultisol were investigated for adsorption behaviour of P and
sorption data were fitted to Langmuir and Freundlich equations. The
Langmuir constant i.e. adsorption maxima was highest for Vertisol
-1
-1
-1
(716.85 µg g ), followed by Ultisol (633.3 µg g ), Alfisol (501.46 µg g )
-1
and Inceptisol (522.93 µg g ) respectively. The Freundlich ‘k’ value for
Vertisol, Inceptisol, Alfisol and Ultisol were 159.12, 59.41, 110.57 and
-1
181.36 µg g respectively, whereas the ‘n’ values were 2.05, 1.92, 2.49
-1
and 3.07 g ml respectively. The phosphate adsorption isotherm gave
2
2
good fit adopting Langmuir (r = 0.96 to 0.99) and Freundlich (r = 0.95 to
0.99) for the four soils. Phosphorus sorption maxima was significantly
2
2
2
correlated with clay (r =0.70), Al (r = 0.73) and Fe (r =0.81) forms,
2
2
MPBC (r =0.67) and Freundlich constants (r =0.82). Among the various
soil properties which correlated with P sorption maxima of significance
2
was clay content (r =0.97) was significantly correlated. The study
illustrated that P sorption isotherm in relation to soil properties can be
used as a tool of P management in sustainable crop production.
Keywords: Phosphorus, sorption maxima, vertisol, inceptisol, alfisol,
ultisol, standard P requirement

INTRODUCTION
Phosphorus (P) is a critical element both in natural and agricultural
ecosystem given its complex transformation in soil thus making its availability to
plant difficult especially in tropics. Phosphorus sorption governs the supply of labile
inorganic P (fertilizer P) and the isotherm helps in predicting the efficiency of crops
to utilize that labile P. Phosphorus sorption model integrates the quantity and the
intensity factors where the former describes the capacity of soil to supply the P to soil
*
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solution once replenished by plant roots or micro organism, lost from soil, and the
later indicates the soil solution P concentration or labile P. It is a well known fact that
phosphate adsorption depends upon many soil properties like clay content, CaCO3,
organic matter, Al and Fe content, CEC as well as P sources applied to soil (Saha et
al., 1999). Phosphorus deficiency gets accentuated with improper P management and
crops differ in phosphorus uptake in different soils. Therefore, an attempt was made
to investigate P sorption characteristics and the relationship with properties of major
soils of India.
In order to understand the complex behaviour of P in soil, several workers have
emphasized the importance of P fertilizer management based upon chemical
extraction methods (soil-test methods) and phosphate adsorption isotherms (Hue et
al., 2000). But, P sorption method has an edge over chemical extraction methods as it
also defines the efficiency of the crops to utilise the P available from soil. Sorption
curves also integrate quantity and intensity parameters to characterise the capacity of
soil to supply P to soil solution and predicting fertiliser requirement. Adsorption
equations of Langmuir and Freundlich have been used by many workers worldwide
to measure relative phosphate sorption capacity of different soils and the affinity of
adsorbate to adsorbent (lower is the value higher is the affinity), to understand the
sorption phenomenon. The magnitude and rate of phosphate sorption mainly depend
upon soil properties like clay content, CaCO3, organic matter, Al and Fe content,
CEC as well as P sources applied to soil (Majumdar et al., 2005; Ghosh et al., 1999).
In acid soils, Al and Fe adsorb P forming various complexes and in neutral soils P
retention on Ca is dominated by precipitation reactions. The P sorption isotherm can
be used for determination of SPR for most agricultural crops at equilibrium
concentration of 0.2 mg P L-1 soil solution, above this threshold level further there
will be no response to P. The amount of P sorbed at the critical solution P
concentration of 0.2 is important information for comparing the phosphorus
adsorption capacity of soils with varying buffering capacities.
The knowledge of P sorption illustrates supply of phosphates to plants
depending upon the concentration of soluble phosphate ions in the soil solution, as
well as on the soil’s capacity to maintain this concentration. The P deficiency in
Indian soil varies from region to region according to soil texture especially clay
content, Al and Fe oxides, CaCO3, organic C, pH etc. This problem gets accentuated
with improper P management and crops differ in phosphorus uptake in different soil.
The P fertility data from soils of intensive cultivated area like Punjab revealed that
some pockets in India have relatively higher levels of soil P where P fertilization
could be reduced without jeopardizing the productivity. This is important since
almost 90% of P fertilizers are imported either directly as finished products or
indirectly in the form of raw materials, thus creating a huge fertilizer subsidy.
Understanding the relation of the different soil properties, P sorption parameter will
provide a strategy for P fertilizer management. Therefore a study was conducted with
the objectives to determine P sorption characteristics and their relation with different
physico-chemical properties in some major agricultural soil orders of India.
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MATERIAL AND METHODS
Soil sampling and analysis
The soil samples were collected from four different orders namely vertisol
from Jabalpur, inceptisol from New Delhi, Alfisol from Raipur and Ultisol from
Trivandrum. The soil samples collected from all locations were air dried and
processed through 2 mm sieve and used for laboratory analysis and the study was
conducted in 2013-14. The physico- chemical properties were determined by routine
laboratory procedures. Different forms of Al and Fe were extracted as follows (i)
Organically bound Fe and Al (Fep, Alp) extracted by 0.1M sodium pyrophosphate (p),
(ii) Both amorphous and crystalline forms (Fed, Ald) extracted using dithionatecitrate-bicarbonate (Parafitt, 1988 and Borggaard, 1988), (iii) Organically bound plus
inorganic amorphous forms extracted using ammonium oxalate. Amorphous Fe and
Al were calculated as Feo – Fep and Alo – Alp, and crystalline Fe and Al as Fed – Feo
and Ald – Alo respectively.
Phosphorus Sorption
The P sorption isotherm was determined by equilibrating (at 30 ±1⁰C) 3 g soil
samples with 30 ml of 0.01 M CaCl2 containing 0, 5, 10, 25, 50, 75 and 100 mg P L-1.
Two drops of toluene were added to arrest microbial growth. The suspensions were
shaken horizontally for 30 minutes twice, for six days. After six days of equilibration,
the suspension was centrifuged at 3500 rpm for 10 min and the solution P content in
the clear supernatant solution was determined by depletion technique (Olsen and
Watanabe, 1957) by ascorbic acid method. The amount of P sorbed was calculated by
subtracting the amount of P in the extract from amount of P initially added (Fox and
Kamprath, 1970). Phosphorus sorbed (mg kg-1) versus P remaining in solution (mg L1
) was plotted to determine the sorption isotherm. The sorption values of each soil
were plotted according to the Langmuir and Freundlich isotherm.
(i) The Langmuir equation described in its linear form is as
C/X = 1/ Kb+ C/b
where, C is equilibrium P concentration (mg L-1); X (x/m) is the amount of sorbed P
(mg kg-1);
b is the constant related to P sorption maximum (mg kg-1) and K is the bonding
energy (L mg-1), respectively. The Langmuir constants were used to calculate
maximum P buffering capacity (MPBC), which is the product of P sorption capacity
and phosphate affinity constant
(ii) The Freundlich equation takes the form:
1/n

X = KC
By taking the logarithm, Eq. (2) changes into
log x/ m = log K+1/n log c
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where, X (x/m) is the phosphorus sorption in mg kg-1 of soil; C is the equilibrium
concentration in mg L-1; K and n are two constants where n is always greater than
unity.
Standard P requirement (SPR) and external p requirement (EPR) were
calculated by fitting the values of 0.2 and 1 mg L-1 respectively in the Langmuir
equations (Dodor and Oya, 2000).
RESULTS AND DISCUSSION
The physico- chemical properties of the soil orders are shown in table 1.The
soil pH of Vertisol, Inceptisol, Alfisol and Ultisol were 7.5, 8.3, 6.3 and 5.5
respectively. The soils were low in organic matter rendering 5.4, 5.4, 4.4 and 4.2 g
kg-1 in Vertisol, Inceptisol, Alfisol and Ultisol respectively. The vertisol were clayey
in texture, whereas Inceptisol was sandy loam, Alfisol and Ultisol were sandy clay
loam. Olsen P contents of vertisol and inceptisol were 9.48 and 10.74 mg kg-1 and
Bray’s P contents of Ultisol and Alfisolwere 8.5 and 9.51 mg kg-1 respectively. The
cation exchange capacities (CEC) of Vertisol, Inceptisol, Alfisol and Ultisol were
61.66, 21.2,11.4 and 10.27 cmol (p+) kg-1 of soil respectively.
Table 1. Physico-chemical properties of the experimental soils
Soil orders

pH
(1:2.5)

EC (dSm1
)

OC
(g kg-1)

Clay
(%)

Av. P
(mg kg-1)

CEC
[cmol(+)
kg-1]

Exchangeable cations
[cmol(+) kg-1]
Ca

Mg

K

Na

Vertisol

7.5

0.26

5.4

55.05

9.5

61.7

15.2

6.2

3.2 7.5

Inceptisol

8.3

0.39

5.7

19.28

9.8

21.2

5.6

3.56

0.5 8.3

Alfisol

6.3

0.21

4.2

15

8.5

11.4

3.5

2.2

0.45 3.3

Ultisol

5.5

0.15

4.2

17.9

9.6

10.3

2.5

1.3

0.3 5.6

The amount of iron and aluminium forms extracted is presented in the table
2.In the present study Ald ranged between 2.1 to 16.5 g kg-1, Alo 0.7 to 2.8 g kg-1, Alp
0.3 to 1.3 g kg-1. Forms of Iron like Fed ranged between 5.8 to 23.6 g kg-1, Feo 1.1 to
4.7 g kg-1 and Fep 0.3 to 2.0 g kg-1 respectively. Aluminium is a predominant cation
which is associated with phosphorus regardless of soil reaction (pH) (Pierzynski et
al., 1990) and Fe oxides are reported to be most active P adsorbent in calcareous
soils (Torrent,1994) responsible for P fixation in soil.
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Table 2. Mean values of Aluminium and Iron extractable in pyrophosphate,
ammonium oxalate and citrate dithionite (g kg-1) extractants
Soils

Fed

Feo

Fep

Ald

Alo

Alp

Crystalline

Amorphous

Fe

Al

Fe

Al

Vertisol

13.3

2.5

0.5

4.7

1.6

0.54

3.1

10.8

1.96

1.06

Inceptisol

5.8

1.1

0.3

2.1

0.7

0.33

1.4

4.7

0.77

0.37

Alfisol

19.3

3.5

0.8

10.8

2.3

1.3

8.5

15.8

2.2

1

Ultisol

23.6

4.7

2

16.5

2.8

1.1

13.7

18.9

3.6

1.7

Langmuir and Freundlich adsorption isotherm for P sorption
The graphical representation of equilibrium P concentration versus rate of P
adsorbed on unit mass of soil colloid were used to calculate the maximum sorption
capacity of the soils and the affinity of the soil to hold P. In all four soils, the
equilibrium P solution and per unit P adsorption by soil colloids increased with
increasing P addition (Dhillon et al., 2004).The equilibrium P concentrations and P
sorbed on all ten soils varied among each other at different levels of P as shown in
figure 1(a&b). The phosphorus sorption maximawere determined by fitting the
solution P concentration and adsorbed P values in langmuir equation. The
equilibrium P concentrations and P adsorbed on four soils varied among each other at
different levels of P and shown in table 3. The highest P sorption maxima followed
the order Vertisol (716.85 mg kg-1) >Ultisol (633.33 mg kg-1) >Alfisol (501.78 mg
kg-1) >Inceptisol (522.93 mg kg-1). The phosphate adsorption isotherm gave a good
fit in case of Langmuir (r2 = 0.96 to 0.99) and Freundlich (r2= 0.95 to 0.99) equations
as presented in table 3. Similar results were obtained by Quang et al. (1996) and
Thakur et al. (2004). The langmuir constants (b= 501.46 to 716.85 k = 0.09 to 0.45),
Freundlich constants (a = 59.41 to 181.36 µg g-1 and n = 1.92 to 3.07 g ml-1) are
illustrated in table 4. High P sorption maxima in Vertisol was due to high clay
content, whereas in Alfisol and Ultisol Al and Fe sorbed more P. The high P fixing
capacity is a major constraint in these soils because > 80% of P is unavailable to crop
uptake due to sorption, precipitation or both (White, 1981). The binding energy of the
soils for P adsorption decreased with increase in surface coverage and interaction
with molecules already adsorbed tends to increase with increasing surface coverage,
which is in agreement with (Quang, 1996). The phosphate buffering capacity (PBC
or MBC) was found to be highest in Vertisol (279.57), Ultisol (240.65), Alfisol
(225.66) and Inceptisol (47.06). The soils with high MBC namely Vertisol, Ultisol
and Alfisol have high adsorption capacity and would maintain low P supply in soil
solution for a longer period as compared to least buffered soils which can supply
ample P to soil solution. On the other hand, soils with low buffering capacity will
have more P in soil solution and will enhance P mobility in such soils.
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Table 3.
Soils

Effect of different levels of P on Langmuir and Freundlich equation
constants
Langmuir constants

Freundlich constants

MBC
-1

(ml g )
b

k

(µg g-1) (ml µg-1)
Vertisol

r2

A

n

SPR
(mg kg -1)

r2

(µg g-1) (g ml-1)

0.2

1

716.85

0.39

0.99 159.12

2.05

0.95

279.57

51.87

259.34

Inceptisol 522.93

0.09

0.97 59.41

1.92

0.99

47.06

9.25

46.23

Alfisol

501.46

0.45

0.96 110.57

2.49

0.97

225.84

41.40

155.63

Ultisol

633.33

0.38

0.98 181.36

3.07

0.99

240.65

44.73

162.61

The amount of standard phosphorus requirement (SPR) for Vertisol, Inceptisol,
Alfisol and Ultisol was 51.87, 9.25, 41.4 and 44.73 mg kg-1 respectively in 0.2 mg P
L-1 equilibrium soil solution concentration. The higher values of SRP in case of
Vertisol and Ultisol indicate the need for application of P fertilizers to maintain
optimum crop production. However with continuous application of P fertilisers,
enrichment of soil P levels over time can often lead to P mobility and contribute to
eutrophication from non point sources of P (agricultural P) known as external P
requirement (EPR). External P requirement of Vertisol, Inceptisol, Alfisol and Ultisol
was 259.34, 46.23, 155.63 and 162.6 mg kg-1 which is equivalent to 581, 104, 337.6
and 391 kg P ha-1. From environmental point of view P leaching can occur at early
stage from coarse textured Inceptisol compared to Vertisol, Alfisol and Ultisol.
Relationship between sorption parameters and soil properties
The correlation coefficient of P sorption maxima with soil properties like
texture, calcium, aluminum and iron content are presented in table 4. The data
illustrated that P sorption maxima was significantly correlated with clay content
(r2=0.97). Correlation studies indicated a positive and significant correlation between
clay content and calcium ions (r2=0.99) and also with CEC (r2=0.96). An increasein
adsorption maxima values with increasing claycontent of the soil may be attributed to
the availability of more surface for adsorption of added and native P as reported by
Bopari and Sharma (2006). In Alfisol and Ultisol the amount and type of clay mineral
especially 1:1 type clay minerals may contribute to more P sorption especially in
tropical soil, particularly with low pH and high activity of Al and Fe (Dolui and
Dasgupta, 1998). The SPR (0.2mg l-1) was highly correlated to binding strength
coefficient (r2=0.99) and supporting the fact that energy coefficient of a soil is an
important index for planning P management for weathered soils of tropical regions.
The amount of P adsorption at equilibrium soil solution concentration 1 mg L-1 was
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significantly correlated with binding energy (r2=0.97).The soil samples from different
locations varied in properties example Vertisol was clayey in texture and high in
CEC, acidic Ultisol and Alfisol with high Al and Fe content played major role in P
adsorption.
Table 4.

Correlation coefficient among sorption parameters and related soil
properties of four soils
Langmuir
constant

Freundlich
constant

B
Clay

0.97*

k

n

K

0.751

0.598

-0.187

Available P status

-0.627

-0.905

-0.934

-0.717

Organic carbon

0.000

-0.329

-0.567

-0.934*

Ph

-0.142

-0.487

-0.700

-0.968*

EC

-0.267

-0.395

-0.583

-0.669

CEC

0.798

0.482

0.253

-0.551

Feao

0.275

0.603

0.792

0.954*

Alao

0.272

0.574

0.769

0.92*

Crystalline Fe

0.047

0.440

0.654

0.96*

SPR Langmuir
0.2 mg l-1

0.95*

0.99*

0.92*

0.34

*Significant at 1% level significance

3.00

a

b

2.50

vertisol

log x/m

P sorbed per unit soil

0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

1.50
1.00
0.50

inceptis
ol
conc
0 Equilibrium
20
40P in soil
60
solution (mg l-1)

2.00
vertisol
inceptisol
alfisol
ultisol

0.00
-2.00

-1.00

0.00
log C

1.00

2.00

Figure 1. Relationship between P in equilibrium soil solution and P sorbed on four
soils as shown in (a) Langmuir isotherm and (b) Freundlich isotherm
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CONCLUSION
The extent of P adsorption is considered as an important parameter in understanding
P supplying characteristics of soil and in making fertilizer recommendations. The
study on phosphorus adsorption in four major soil orders of India illustrated that the
Langmuir and Freundlich adsorption models can be used to describe satisfactorily P
sorption on soil colloids. Among the four soil orders highest P sorption was observed
in Vertisol followed by Ultisol, Alfisol and Inceptisol. The correlation study
indicated significant correlation (r2=0.96) of P sorption maxima with clay content
illustrating that soil texture played a major role in P sorption of these soils. The SPR
values indicated high P requirement in Vertisol and Ultisol as compared to Alfisol
and Inceptisol to maintain 0.2 mg P L-1 in soil solution for optimum crop growth. The
high P adsorption by Vertisol and Ultisol also showed higher phosphate buffering
capacity and would maintain low P in soil solution P as compared to Alfisol and
Inceptisol. Thus the knowledge of P sorption capacity of soil would be of practical
significance and help in P fertiliser management depending upon soil type.
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ABSTRACT
The five cotton cultivars viz., CB1, CB3, CB5, CB8, and C12 were
evaluated under field conditions to compare their resistance levels
against the aphid species Aphis gossypii (Hemiptera: Aphididae) and the
jassid species Amrasca devastans (Hemiptera: Cicadellidae). The effects
of plant characteristics that could explain some of the varietal resistance
levels were tested by measuring infestation levels, biochemical content,
leaf trichome density, agronomic traits, yield, and quality of seed and
fiber. In comparison with other varieties, CB1 and CB3 showed the least
leaf and boll infestation, and possessed higher numbers of trichomes.
CB12 had the lowest number of trichomes and exhibited the highest
percentages of leaf and boll infestation. Biochemical analyses indicated
that the highest percentage of starch occurred in CB8, and that of protein
in CB5. Both starch and protein content were lowest in CB12. Aphid and
jassid infestation reduced the starch and protein content of all cultivars.
CB3 was the best performing variety in terms of size and weight of bolls;
ginning out-turn (GOT); number of branches, leaves, and bolls per plant;
and number of locules per boll. Seed cotton yields and lint indices were
highest in CB1 and CB3 and lowest in CB12. CB12 was also the worst
performing variety in terms of plant height, micronaire value, percentage
of GOT and germination, number of leaves and bolls per plant, and boll
length, width and weight. The findings of this study clearly demonstrate
that, among the cultivars evaluated, CB12 is the most susceptible to
aphid and jassid infestation.
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INTRODUCTION
Cotton is considered to be the best fiber crop, and is commercially grown in
more than 50 countries of the world. Climate, variety, pest infestation, harvest
frequency, and ginning influence cotton productivity and quality (Azad et al., 2011).
Due to the high demand for cotton fiber from the textile industry in Bangladesh, the
government has been subsidizing the cultivation of upland cotton (Gossypium
hirsutum L.) since 1977. However, the farmers are not showing interest in cotton
cultivation due to insect pest infestation.
The aphid species Aphis gossypii Glover (Hemiptera: Aphididae) and jassid
species Amrasca devastans (Hemiptera: Cicadellidae) concurrently attack cotton
plants in Bangladesh and have been reported to be the most destructive cotton pests,
causing damage throughout the season (Tithi et al., 2010). They are commonly found
on the lower leaf surfaces of the terminal bud and other parts of plants, and both the
species cause similar damage symptoms by feeding on leaves and developing bolls
(Deguine et al., 2000; Sharma and Singh, 2011). These sucking insect pests secrete
honeydew on feeding sites, which enhances sooty mold development, thus creating
lint processing problems (Hossain et al., 2012).
Jassids deplete cell contents of the foliage by feeding on sap, and inject toxins
into plant tissues along with their saliva, which causes “hopper burn” symptoms in
plants (Raj, 2003). Aphid- and jassid-infested plants suffer from impaired
photosynthesis and transportation of nutrients and water, reducing yield quantity and
quality (Amin et al., 2009). These sucking insects not only directly damage cotton
plants but also act as vectors of viral diseases.
The management of sucking insect pests in the cotton fields of Bangladesh
involves spraying with soap-water solutions, botanical extracts, different oils, and
various insecticides, and also by treating seeds with chemicals such as imidacloprid
(Hossain et al., 2013). However, these products are sometimes unavailable and
ineffective, and are time consuming and expensive to manufacture. Furthermore,
foliar applications of insecticides can cause mortality of beneficial predator and
pollinator species (Boyd and Boethel, 1998; Azad et al., 2010).
Many host plants protect themselves from herbivore insect attack, and host
plant defense mechanisms are very significant considerations in integrated pest
management (IPM) programs against the sucking insects (Tsai and Wang, 2001).
Cotton varieties with higher densities of leaf trichomes exhibit resistance to insects
(Bhat et al., 1984). Resistant varieties easily overcome insect infestation without
application of synthetic chemicals, thus reducing production costs and saving the
environment from pesticide contamination (Nault et al., 2004).
The nutrient content of crop varieties significantly affects their resistance or
susceptibility by influencing the feeding efficiency, survival, growth and
development, and population dynamics of pest insects (Amin et al., 2011). Singh and
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Agarwal (1988) reported that cotton genotypes containing lower amounts of reducing
sugars, proteins, and free amino acids exhibited resistance to the leafhopper
(Amrasca biguttula biguttula Ishida).
The degree of susceptibility or resistance of crop varieties can aid in detecting
and monitoring pest infestations, variety selection, and crop breeding. The pest
infestation levels of different varieties of a particular crop species indicate their
degree of resistance, and agronomic characteristics and biochemical content affect
pest infestation, crop yield, and quality, which are essential criteria in selecting
resistant varieties in the development of IPM strategies. Cultivation of resistant
varieties is a key factor in successful cotton production in Bangladesh. Therefore, the
relative resistances of five cotton cultivars (released by Cotton Development Board
of Bangladesh) to aphids and jassids were evaluated along with several associated
characteristics.
MATERIALS AND METHODS
Cultivation of cotton cultivars
The study was conducted in the research fields of Bangabandhu Sheikh
Mujibur Rahman Agricultural University (BSMRAU, 25°25′N, 89°5′E), Gazipur,
Bangladesh from July 2013 to June 2014 with the five cotton cultivars CB1, CB3,
CB5, CB8 and CB12. The study location is a subtropical region having a dry season
(February to May), a wet season (June to September) and a short winter (December
and January). Annual mean relative humidity, rainfall, and temperature are 65.8%,
237.6 cm, and 24.5°C, respectively. The five cotton cultivars were cultivated
following the recommendations of the Cotton Development Board of Bangladesh,
excluding insecticide use. Treatments were assigned to a randomized complete block
design (RCBD) comprising 4.0m × 4.0m plots. The spacing between all blocks and
plots was 1.0m × 1.0m. Cotton seeds were sown 50cm apart on 02 July 2013 in rows.
The distance from row to row was 1.0m and each plot contained 32 plants.
Recording of infestation
After emergence of seedlings, field inspections were carried out weekly
to record the population build up and aphid and jassid infestations. Due to a
difficulty in differentiating the two insect pests, the infestation level of both was
characterized in a single metric. At each inspection, three plants from each plot
were randomly selected and the total number of leaves and the number of infested
leaves on these plants were counted. Data collection was started from the first
signs of infestation and continued for 5 weeks. When the plants produced a
sufficient number of bolls, five plants were randomly selected from each cultivar
and the total number of bolls and the number of infested bolls per plant were
recorded. Each infested boll was opened and the total number of locules and the
number of infested locules were counted. This procedure was carried out three
times at 7-day intervals.
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Determination of starch content during the vegetative phase
The starch content of uninfested and infested twigs of each of the five
cotton cultivars was determined following the method of McCready et al. (1950).
Infested and uninfested plant samples (500mg) of each cultivar were cut into small
pieces and dipped into a flask containing 10mL of 80% ethanol. The samples were
centrifuged at 2000 × g for 20 min. The supernatant (1.0mL) from each sample was
collected in a tube, then phenol solution (5%, 1.0mL) and sulfuric acid (96%, 5.0mL)
were rapidly added. The tube was gently agitated during addition of the acid, and
allowed to stand in a water bath at 26–30°C for 20 min to facilitate total sugar
recovery. Extracted soluble sugar was suspended in 5.0mL water and subsequently
6.5mL of 52% perchloric acid. The contents were centrifuged for 20 min at 2000 × g,
and the resulting supernatant was decanted, collected, and the total volume was made
up to 100mL with distilled water. This mixture was then filtered through Whatman
filter paper (no. 42). A 1.0mL aliquot of each filtrate was analyzed for glucose
content. Samples were measured at 630nm in a spectrophotometer and glucose
concentration was determined using a standard curve prepared using known
concentrations of glucose. Glucose concentrations were multiplied by 0.9 to calculate
plant starch content.
Determination of protein content at vegetative stage
Percentages of protein in uninfested and infested twigs of each of the five
cotton cultivars were determined using the conventional Kjeldahl method. Chopped,
oven dried, infested and uninfested samples of each variety (1.0g) were weighed
using a digital balance (MR 220 no. 971373; Mettler, Berlin, Germany) and
transferred to Kjeldahl flasks. For each sample, concentrated H2SO4 (20mL) was
added in presence of 3-4g catalyst mixture (K2SO4–CuSO4, 5:1). The flask was
continuously heated until the solution became clear. The flask was then allowed to
cool and 150mL distilled water was added. A few zinc granules were added to the
mixture. One hundred milliliters of 40% NaOH was then poured into the flask, which
was immediately attached to a distillation set. An Erlenmeyer flask containing methyl
red and methyl blue indicator was placed underneath prior to collecting the distillate.
Approximately 150mL of distillate was collected and titrated with standardized 0.1 N
HCl. The nitrogen content was calculated using the equation:

Where, T is the sample titer (mL), B is the blank titer (mL), N is the concentration of
HCl (0.1 N) and S is sample weight. The percentage of N in each sample was
multiplied by 6.25 to obtain the percentage protein content.
Quantifying agronomic traits
Plant height, number of branches, number of sympodial branches, number of
leaves and bolls per plant, number of locules per boll, and boll length, width, and
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weight were considered agronomic traits of the cultivars. Mature bolls were
randomly collected from second node branches and classified as fresh and infested.
For each variety, 15 normal and 15 infested bolls were selected. These were weighed
using a digital balance (AG204, Mettler Toledo, Switzerland), and their widths and
lengths were measured using a digital slide caliper (CD-S15C, Mituoyo, China). At
first harvest, 15 plants of each cultivar were randomly selected, and for each the
number of leaves, branches, and sympodial branches was counted, and plant height
(length from top to base) was measured using an mm-scale tape measure.
Quantifying seed cotton yield and crop quality
All open bolls (seed cotton) from each plot were handpicked, sun dried, and
then separately bagged in brown paper bags. Seed cotton yield was measured using a
balance (CANRY, China) and expressed in kg ha-1. The bolls were ginned with a
single roller electric gin in the laboratory of the Regional Cotton Research and
Extension Centre, Gazipur, Bangladesh. Boll sample data included the following:
ginning out-turn (%GOT: percentage of lint obtained from 100g of seed cotton), seed
index (weight of 100 seeds), lint index (amount of fiber retained on 100 seeds), and
micronaire (fiber fineness and maturity). Micronaire values were tested using a
cotton micronaire testing machine (Zhenjiang KDL Machinery Co. Ltd., Jiangsu,
China).
Germination test
The percentage of seed germination indicates the seed quality of the cultivars.
A germination test was conducted in homogenous environmental conditions in the
laboratory at 25°C. Trays, each 30cm × 30cm × 5cm (L × W × D), were used for this
purpose. A single sheet of paper was placed in the bottom of each tray to cover
drainage holes. The trays were filled with clean, moist sand, and fresh sand was used
for each test.
Seeds of each variety were randomly collected from their respective bags and
counted. For each variety, 100 seeds were sown on each of five replicate trays in 10
rows of 10 seeds (500 seeds per variety). Seeds were sown at 2-3cm depth and
watered every second day. Only normal seedlings were counted after 10 days when
the majority of seedlings had emerged. Diseased, discolored, or malformed seedlings
were excluded from counts. The total number of normal, vigorous, and healthy
seedlings for each cultivar was used to determine germination percentage. Normal
seedlings, abnormal seedlings, and non-germinated seeds were defined and detected
according to the protocol adopted by the International Seed Testing Association
(ISTA).
Data analysis
Data were analyzed using one-way analysis of variance (ANOVA). The tstatistic was employed to test for differences between uninfested and infested
samples in protein and starch content and boll length, width, and weight for each
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cultivar. Data were expressed as the mean±SD and the Turkey’s HSD post hoc test
was used to test for differences between means.
RESULTS
There were significant differences in leaf infestation percentages among the
five cotton cultivars (Figure 1, F4,70 = 193.9, p < 0.001). The percentage of infested
leaves was significantly higher in CB12 than those of the other cultivars. There were
significant differences among cotton cultivars in their boll infestation percentages
(Figure 1, F4,70 = 3.6, p < 0.05). The highest percentage of boll infestation was in
CB12, which also had the highest percentage of leaf infestation. There were no
significant differences among cultivars in the percentage of locules infested (Figure 1,
F4,70 = 0.9, p = 0.5).

Figure 1. Infestation percentages (■leaf, □boll, and ■locule) of five cotton cultivars
exposed to aphid and jassid infestation (mean±SD). Bars with common
letter(s) for each parameter are not significantly different (Tukey's HSD
post hoc analysis, p ≤ 0.05).
The number of trichomes per ventral midrib of the leaf showed significant
differences among cultivars (Figure 2, F4,20 = 19.3, p < 0.001). Of the tested cultivars
CB3 and CB1 had statistically similar as well as higher number of trichomes, while
CB12 had the lowest number of trichomes. The starch content of uninfested and
infested twigs differed significantly (Figure 3, fresh: F4,10 = 55.9, p < 0.001; infested:
F4,10 = 23.7, p < 0.001). Of the five cultivars, CB8 and CB12 possessed the highest
and lowest percentages of starch, respectively, both for uninfested and infested twigs.
The t-statistic indicated that the starch content of uninfested and infested twigs
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differed significantly among varieties (t2 = 5.4, p < 0.05; t2 = 5.5, p < 0.05; t2 = 13.4,
p < 0.05; t2 = 14.7, p < 0.05; t2 = 6.2, p < 0.01, for CB1, CB3, CB5, CB8 and CB12,
respectively). There was a significant difference in protein content between
uninfested (F4,10 = 75.2, p < 0.001) and infested (F4,10 = 16.5, p < 0.001) twigs (Figure
4). Of the tested cultivars, CB5 contained the highest amounts of protein both in
uninfested and infested twigs while the lowest amounts were in CB12. The t-statistic
showed that the uninfested and infested twigs of each variety differed in their protein
content (t2 = 6.9, p < 0.05; t2 = 116.0, p < 0.001; t2 = 12.1, p < 0.05; t2 = 13.1, p <
0.05; t2 = 5.2, p < 0.05, for CB1, CB3, CB5, CB8, and CB12, respectively).

Figure 2. Number of trichomes present on the ventral midribs of five cotton cultivars
(mean±SD). Bars with common letter(s) are not significantly different
(Tukey's HSD post hoc analysis, p ≤ 0.05).
Plant height, and the numbers of branches, leaves, sympodial branches, bolls
per plant, and locules per boll of the varieties differed significantly (Table 1, height:
F4,70 = 17.6, p < 0.001; branches: F4,70 = 6.5, p < 0.001; leaves: F4,70 = 17.0, p < 0.001;
sympodial branches: F 4,70 = 4.2, p < 0.01; bolls: F4,70 = 3.8, p < 0.01; locules: F4,70 =
3.8, p < 0.05). Of the five cultivars, CB5 had the greatest plant height, whereas CB3
had the highest number of branches, leaves, bolls per plant, and locules per boll. The
number of sympodial branches per plant was highest for CB1. CB12 had the lowest
plant height as well as the lowest number of branches, leaves, and bolls per plant.
The number of sympodial branches per plant was lowest for CB5. There were
significant differences between the lengths of uninfested bolls (F4,70 = 3.3, p < 0.05)
and infested bolls (F4,70 = 15.0, p < 0.001) of the cotton cultivars (Table 1). CB12 had
both the lowest uninfested and infested boll lengths. The t-statistic showed significant
differences between uninfested and infested boll lengths for the varieties CB3 (t14 =
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2.4, p < 0.05), CB5 (t14 = 2.2, p < 0.05) and CB12 (t14 = 4.6, p < 0.001), but not for
CB1 (t14 = 2.0, p = 0.06) and CB8 (t14 = 0.8, p = 0.41).
Table 1. Agronomic characters of five cotton varieties exposed to aphid and jassid
infestation
Characteristic

Cultivar
CB1

CB3

CB5

CB8

CB12

Plant height (cm)

122.2±5.2 bc

126.9±4.2 ab

129.3±5.0 a

131.9±6.3 a

118.5±3.9 c

Branches per plant

15.8±1.3 ab

17.8±1.9 a

15.9±1.5 ab

15.0±1.3 b

14.9±1.2 b

Leaves per plant

73.7±6.1 ab

76.8±5.9 a

70.0±3.3 bc

66.2±4.2 cd

64.7±3.5 d

Sympodia per plant

10.2±1.0 a

9.5±1.5 ab

8.4±1.2 b

9.0±0.9 ab

9.3±1.5 ab

Bolls per plant

17.4±1.7 ab

18.7±2.4 a

16.6±2.0 ab

17.9±1.8 ab

15.9±2.6 b

Locules per boll

4.3±0.5 ab

4.4±0.5 a

4.0±0.0 b

4.0±0.0 b

4.3±0.6 ab

Uninfested boll length
(cm)

4.9±0.1 a

4.8±0.2 ab

4.8±0.3 ab

4.8±0.4 ab

4.5±0.2 b

Infested boll length (cm)

4.8±0.2 a

4.6±0.2 a

4.6±0.3 a

4.7±0.2 a

4.2±0.3 b

Uninfested boll width
(cm)

3.6±0.1 ac

3.7±0.2 a

3.5±0.1 bc

3.7±0.2 a

3.4±0.2 c

Infested boll width (cm)

3.4±0.2 a

3.4±0.2 a

3.3±0.2 ab

3.3±0.1 ab

3.2±0.1 b

Uninfested boll weight
(g)

6.9±0.7 a

6.7±0.5 a

6.3±0.4 ab

6.8±0.5 a

6.0±0.9 b

Infested boll weight (g)

6.2±0.7 ab

6.3±0.5 a

5.6±0.5 bc

5.8±0.3 ab

5.2±0.7 c

Data expressed as mean±SD.
Means within a row followed by the same letter(s) are not significantly different (Tukey's HSD post hoc
analysis, p ≤ 0.05).

There were significant differences in the widths of the uninfested (Table 1, F4,70
= 6.9, p < 0.001) and infested bolls (F4,70 = 3.9, p < 0.05). The t-statistic revealed
significant variations between uninfested and infested boll widths of the cultivars (t14
= 3.5, p < 0.01; t14 = 3.5, p < 0.01; t14 = 4.0, p < 0.01; t14 = 10.1, p < 0.001; t14 = 4.4, p
< 0.01, for CB1, CB3, CB5, CB8, and CB12, respectively).
The weights of uninfested ( F4,70 = 5.5, p < 0.01) and infested (F4,70 = 10.7, p <
0.001) bolls of the cultivars differed significantly (Table 1), and the t-statistic
revealed significant differences between uninfested and infested boll weights of the
cultivars (t14 = 3.6, p < 0.01; t14 = 2.5, p < 0.05; t14 = 4.6, p < 0.001; t14 = 7.7, p <
0.001; t14 = 3.5, p < 0.01, for CB1, CB3, CB5, CB8, and CB12 respectively). CB12
had the lowest uninfested and infested boll weights.
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Figure 3. Starch content of twigs (■ uninfested and ■ infested) of five cotton
varieties (mean±SD). Bars with common letter(s) for each parameter are
not significantly different (Tukey's HSD post hoc analysis, p ≤ 0.05).

Figure 4. Protein content of twigs (uninfested ■ and infested ■) of five cotton
cultivars (mean±SD). Bars with common letter(s) for each parameter are
not significantly different (Tukey's HSD post hoc analysis, p ≤ 0.05).
There were significant differences in seed cotton yield (F4,10 = 48.1, p < 0.001 ),
GOT (F4,20 = 6.2, p < 0.01), seed index (F4,20 = 14.2, p < 0.001), germination
percentage (F4,20 = 49.4, p < 0.001), lint index (F4,20 = 5.1, p < 0.01), and micronaire
(F4,10 = 559.8, p < 0.001) of the varieties (Table 2). Among the tested cultivars, CB12
had the lowest yield and quality characteristics. CB1 and CB3 had statistically higher
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yield and lint index than those of other cultivars, while CB3 and CB8 had the highest
GOT and micronaire, respectively. There were no significant differences in seed
index or germination percentage among cultivars except for CB12.
Table 2. Yield and quality characteristics of five cotton cultivars exposed to aphid
and jassid infestation
Characteristic

Cultivar
CB1

-1)

CB3

CB5

CB8

CB12

Yield (kg ha

795.3±16.2 a

777.0±11.5 a

728.3±12.6 b

722.7±16.6 b

638.7±8.3 c

GOT (%)

35.4±1.5 ac

36.4±1.3 a

36.2±1.5 ab

33.6±1.5 bc

32.8±1.3 c

Seed index (g)

10.0±0.6 a

10.0±0.6 a

9.9±0.4 a

9.4±0.5 a

8.1±0.2 b

Germination (%)

86.4±4.4 a

83.2±4.2 a

80.6±2.1 a

82.2±2.6 a

59.0±3.5 b

Lint index (g)

6.1±0.3 a

6.0±0.3 a

5.7±0.4 ab

5.6±0.3 ab

5.3±0.3 b

Micronaire (Mic)

3.7±0.02 c

3.8±0.01 b

3.8±0.01 b

4.0±0.01 a

3.6±0.01 d

Data express as mean±SD.
Means within a row followed by same letter(s) are not significantly different (Tukey's HSD post hoc
analysis, p≤ 0.05).

DISCUSSION
Sucking insects are serious pests of cotton during seedling, vegetative,
flowering, and fruiting stages (Abro et al., 2004). This study found significant aphid
and jassid infestations in the leaves and bolls of cotton. The evaluated cultivars
differed in their morphological characteristics, biochemical content, seed cotton yield,
germination percentage, and fiber quality.
Significant differences in infestation levels of leaves and bolls among cultivars
indicated that their responses and resistance/susceptibility to these pests varied.
Ahmed et al. (2005) observed different levels of Amrasca devastans infestation
among 18 cotton varieties and reported that two varieties (CRIS-467 and CRIS-134)
were resistant, whereas two (CRIS-82 and MNH-536) were susceptible. The present
study showed that CB1 and CB3 sustained lower infestation levels in comparison to
the other cultivars, whereas CB12 was subjected to the highest level of infestation.
We observed the abundance of aphids and jassids from the vegetative stage to harvest.
Infested leaves and bolls turned pale and rusty red, turned downwards, dried up, and
fell to the ground. Infested bolls scarred and became rusty brown. The observed
infestation levels suggest that CB12 is susceptible compared to the other four
cultivars tested. Our cotton cultivars differed in the number of trichomes,
morphological characteristics, and biochemical content, which might have affected
the feeding, oviposition, and population buildup of the pests, thus resulting in a
variation of infestation levels. CB3 and CB1 had the highest number of trichomes
and intermediate starch and protein content, and these cultivars sustained
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significantly lower levels of infestation. The number of trichomes was lowest on the
midribs of CB12, the cultivar which tended to have the highest levels of infestation.
Our results are similar to those of Khan et al. (2000), who observed lower levels of
Aphis gossypii infestation in varieties of ash gourd, Benincasa hispida, with higher
trichome densities. High densities of trichomes on plant surfaces create a physical
barrier to insect foraging, feeding, ingestion, digestion, mating and oviposition, thus
protecting against infestation (Jayaraj and Uthamasamy, 1990). Aphid and jassid
infestations reduced starch and protein content in the tested cultivars. This finding
reflects the results of Wei et al. (2010) who noted reductions in soluble sugar content
in various host plants due to infestations of the sucking insect, Lygus lucorum. In
barley, Lorenz and Collins (1989) observed reductions in protein content and
deterioration of starch properties when rose-grain aphid (Metopolophium dirhodum)
infested the plants. Aphids take up amino acids from phloem tissue to fulfill their
nitrogen requirements and deplete protein content (Douglas, 2003). Ojmelukwe et al.
(1999) observed depletion of protein, starch and soluble sugar content in pulse beetle
(Callosobruchus maculatus) infested cowpea seeds. Woolly apple aphid (Eriosoma
lanigerum) infestation reduced soluble sugar, protein, and amino acid content in fuji
apple twigs (Zhou et al., 2013). Our evaluated cultivars differed in plant height
(118.5 to 131.9cm), number of branches (14.9 to 17.8), and number of bolls per plant
(15.9 to 18.7). This was similar to those studied by Khan (2011) who observed
differences in plant height (88.7 to 127.8cm), number of branches (10.0 to 16.0), and
number of bolls per plant (13.0 to 76.8) among nine cotton varieties exposed to
sucking insect infestations. Our studied varieties also differed in numbers of leaves
and sympodial branches per plant, locules per boll, boll size, and weight.
We observed differences in seed cotton yield (638.7-795.3 kg ha-1), GOT
(32.8-36.4%), seed index (8.1-10.0g), germination percentage (59.0-86.4%), lint
index (5.3-6.1g) and micronaire (3.6-3.8 Mic) among the cultivars. These are
consistent with the results of Azad et al. (2011) who cultivated CB9, CB10, and
SR05 cotton varieties without insecticide application and found variations in yield
(618-792 ka ha-1), GOT (36.2-37.3%), seed index (7.8-8.3g) and germination
percentage (81.3-82.3%). A study of CB3 and CB9 by Hossain et al. (2012) showed
lint indexes of 5.9 and 6.0g per 100 seeds and micronaires of 3.96 and 3.93,
respectively.
The aphid and jassid infestations of leaves and bolls affected the
aforementioned traits of the cultivars. Due to sustaining the highest level of
infestation, CB12 had the lowest performance in all these aspects. In contrast, CB1
and CB3 had the lowest levels of infestation, and produced higher number of
branches and bolls, as well as larger and heavier bolls, resulting in higher yields and
lint indices.
This study demonstrated clear differences in performance among the five
cotton cultivars and assessed their resistances to aphid and jassid infestation.
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Variations in yield and quality characteristics among cultivars were found due to
differences in trichome density, morphological features, and biochemical content,
which influenced infestation levels. Ali et al. (1999) stated that variations in trichome
density on cotton leaves and gossypol glands resulted in significant differences in
resistance against cotton insect pests. In this study, the resistance and susceptibility of
the cultivars tested were not regulated by any single mechanism, but instead by a
combination of several complementary physical, biochemical, and environmental
factors.
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EFFECTS OF FORMULATION AND PROCESSING
METHODS ON THE QUALITY AND ACCEPTABILITY OF
CUTLETS MADE FROM MINCED MEAT OF PANGAS
(Pangasius pangasius)
Vijay Kumar Reddy. S*
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GADVASU, Ludhiana, Punjab, India - 141 004

ABSTRACT
The cutlets prepared in eight different combinations from minced meat of
pangas (Pangasius pangasius) were studied for their nutritional
composition, texture profile and acceptability. The effects of processing
methods on quality of cutlets were also evaluated. Protein, fat and ash
contents of the cutlets prepared in different combinations ranged
between 13.37 ± 0.38 to 19.73 ± 0.01 %; 11.05 ± 0.14 to 13.98 ± 0.07 %
and 1.81 ± 0.03 to 5.59 ± 0.22 % respectively. More protein and fat
contents, less hardness and cutting strength values were observed in
cutlets made from cooked mince compared to the cutlets from raw
mince. Cutlets from all the lots were sensorially acceptable but there was
no significant difference (p>0.05) found between cutlets made from raw
and cooked mince with or without potato, batter and bread crumbs.
Hence, sensorially acceptable cutlets from pangas catfish mince can be
prepared using any of the eight combinations studied based on the
requirement or economic viability.
Keywords: Pangas catfish, cutlets, texture profile analysis, quality and
sensorial acceptability.

INTRODUCTION
In 2010 the world fish production was around 145.1 Metric Tons (MT), with
contribution of 45.1 MT from fresh water sources, mainly from culture practices
(FAO, 2010).The fish production in India is different from the world scenario,
wherein 4.61 MT have been obtained from inland sources (mainly aquaculture) and
2.99 MT from marine sources during the year 2008-09 (Pandian, 2010). Processing
of fish and new fish products development can provide better sale of fish, not only in
traditional fish markets, but also in all other consumer goods stores. Pangas catfish
(Pangasius pangasius) is gaining popularity in Punjab due to its availability, low
*
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price and absence of intramuscular spines and bones. There is a scope for increasing
pangas marketing further in Punjab by developing value added convenient fish
products to meet the market demand. Developing these products from pangas can
increase consumer acceptability and profitability in coming period. Ready to eat
mince based fish products are gaining popularity due to convenience, ease in
consumption and availability in concentrated forms.
Composition and textural attributes play a vital role in popularizing a food
product. Chemical composition is an important indicator of food nutritional quality.
On the other hand, texture and flavour appear to be the most important attributes for
the consumer (Stow, 1995). Texture of a product can be analyzed by using tests like
Texture Profile Analysis (TPA), penetration test and cutting test, etc.
The important attributes of foods like taste, flavour, odour, etc. can be known
only by the sensory analysis, which is the most reliable method in food analysis.
Moreover, food texture is a collective term that covers several related physical
properties, and this means that instrumental analysis cannot fully simulate the overall
experience of texture. Instead, instrumental analysis measures specific textural
properties (MØrkØre and Einen, 2003). So there is a need for sensory
analysis along with the instrumental analysis, as both are important in
designing a new food product.
With this rationale the objectives of the study were set to prepare cutlets using
minced meat from pangas catfish in different combinations; to study their nutritional
composition, textural quality as well as acceptability.
MATERIALS AND METHODS
The pangas fish with an average weight and length of 550 ± 20 g and 30 ± 5
cm respectively, were procured from the farm at Fisheries College, GADVASU,
Ludhiana on 12 November 2015. The collected fish was brought to the fish
processing laboratory under iced condition. The fish was washed with chilled water,
followed by beheading, gutting, de-skinning and thorough washing with chilled
water. The dressed fish was divided into two lots, of which one lot was cooked
(boiled) at 100oC for 30 minutes and the other was used without cooking.
Simultaneously, potato was peeled and cooked at 100oC in boiling water for 30
minutes (Reddy and Sachin, 2015). Both the cooked and raw fish meat were deboned
using a fish meat deboner (Central Institute of Fishery Technology, Cochin, India),
and minced using a meat mincer (Kenwood, India).
The minced meat from both cooked and raw fish was used to prepare uniform
size cutlets (5 x 3 cm) with an average weight of 35 ± 3 grams, in eight different
combinations such as cutlets made using raw mince (RM), raw mince that were
battered and breaded (RMBB), raw mince with cooked potato (RMP), raw mince
with cooked potato that were battered and breaded (RMPBB), cooked mince (CM),
cooked mince that were battered and breaded (CMBB), cooked mince with cooked
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potato (CMP), cooked mince with cooked potato that were battered and breaded
(CMPBB). The prepared cutlets were deep-fried in refined vegetable oil using a deep
fat fryer at 180oC for 150 sec. These fried cutlets were cooled down in a desiccator
and used for analyzing nutritional value, textural quality and sensory acceptability.
The flow diagram for the preparation of the different pangas meat cutlet is as shown
in figure 1, and the list of ingredients is given in table 1.

Proximate analysis of fish meat and cutlets
The moisture, ash and fat content of the fish as well as cutlets were determined
by the method of AOAC, 2000 (AOAC 950.46, 920.153 and 948.15). The crude
protein content was determined by estimating the total nitrogen content by the
method of AOAC, 2000 (AOAC 981.10). The protein content of sample was
obtained by multiplying the nitrogen value by a factor of 6.25.
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Instrumental texture analysis
Texture profile analysis (TPA)
Texture profile analysis was performed as per the method used by Reddy and
Khairnar (2015). The size of the cutlet used for TPA (two-cycle compression test)
was 3.0 cm x 4.0 cm (diameter x height). TPA was carried out using a Taxt-plus
Texture Analyzer (Stable Micro Systems Ltd., Surrey, UK), attached with a 50 kg
load cell. A 75 mm diameter compression platen was used with a pre test speed of 1
mm sec-1; test speed of 1 mm sec-1 and post-test speed of 5 mm sec-1. The cutlets were
compressed twice to 40% of the original height at room temperature (30 oC) in auto
force mode (20 g) and the time gap between first and second compression was 5 sec.
Six measurements were made for each sample in the same lot and the average value
was reported for each parameter. A force-time graph was generated with data
acquisition rate of 200 pps and textural parameters like hardness, cohesiveness,
adhesiveness, springiness, brittleness or fracturability, resilience, gumminess and
chewiness were calculated with the aid of a software provided along with the
instrument.
Cutting test
The size of the cutlet used for cutting test was 3.0 cm x 4.0 cm (diameter x
height). Cutting test was carried out using a Taxt-plus Texture Analyzer (Stable
Micro Systems Ltd., Surrey, UK), attached with a 50 kg load cell. A blade set
(HDP/BSW) was used with a pre test speed of 2 mm sec-1; test speed of 2 mm sec-1
and post-test speed of 10 mm sec-1. The cutlets were compressed to 20 mm at room
temperature (30oC) in auto force mode (20 g). Six measurements were made for each
sample in the same lot and the average value was reported for each parameter. A
force-time graph was generated with data acquisition rate of 200 pps and textural
parameters like cutting strength, distance at failure and work of shear were calculated
with the help of software provided along with the instrument.
Penetration test
The size of the cutlet used for penetration test was 3.0 cm x 4.0 cm (diameter x
height). Penetration test was carried out using a Taxt-plus Texture Analyzer (Stable
Micro Systems Ltd., Surrey, UK), attached with a 50 kg load cell. A 2 mm
penetration probe was used with a pre test speed of 1 mm sec-1; test speed of 1 mm
sec-1 and post-test speed of 5 mm sec-1. The cutlets were penetrated to 15 mm at room
temperature (30oC) in auto force mode (10 g). Six measurements were made for each
sample in the same lot and the average value was reported for each parameter. A
force-time graph was generated with data acquisition rate of 200 pps and textural
parameters like cutting strength, distance at failure and work of shear were calculated
with the help of software provided along with the instrument.
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Table 1. Composition of ingredients mixture used in cutlet preparation
No

Ingredients

Quantity used ( g )
RM & CM
cutlets

RMP &
CMP
cutlets

RMBB &
CMBB
cutlets

RMPBB &
CMPBB
cutlets

1.

Minced meat

100.0

50.0

100.0

50.0

2.

Potato

0.00

50.00

0.00

50.00

3.

Onion

7.50

7.50

7.50

7.50

4.

Garlic

2.00

2.00

2.00

2.00

5.

Green chillies

2.50

2.50

2.50

2.50

6.

Vegetable oil

2.00

2.00

2.00

2.00

7.

Chili powder

0.25

0.25

0.25

0.25

8.

Salt

0.25

0.25

0.25

0.25

9.

Ginger

2.00

2.00

2.00

2.00

10.

Pepper

0.25

0.25

0.25

0.25

11.

Turmeric powder

0.25

0.25

0.25

0.25

12.

Garam masala

0.25

0.25

0.25

0.25

13.

Batter

0.00

0.00

1.00

1.00

14.

Bread crumb

0.00

0.00

0.50

0.50

Sensory analysis
The cutlets prepared from pangas mince were served at room temperature to
each judge for sensory analysis. Sensory analyses were done based on a 9-point
hedonic scale (from 9 - extremely like, 5 - neither like nor dislike, to 1 - extremely
dislike) by ten experienced panelists as per the method given by Peryam and Pilgrim
(1957).
Statistical analysis
Statistical analysis of data was performed with the statistical package (SPSS
20.0 for windows, SPSS Inc., Richmond, CA, USA). The assumption of homogeneity
of variances was tested for all data, which were log transformed if necessary. The
data obtained was analyzed through analysis of variance followed by Tukey test for
Posthoc analysis.
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RESULTS & DISCUSSION
Nutritional Composition
Composition of raw material plays a significant role in affecting the
composition and textural properties of the finished products. The proximate
composition of pangas meat and cutlets made in eight different combinations from its
mince is given in table 2. No significant difference (p >0.05) was observed in
nutritional composition of cutlets made in different combinations.
Table 2. Proximate composition of pangas catfish meat and cutlets
Component
Fish meat

Moisture
70.64 ± 0.25

Protein
16.58 ± 0.19

Lipids
bcd

Ash

11.26 ± 0.24

a

1.18 ± 0.01a

Cutlets
RM

68.88 ± 0.16

15.68 ± 0.07b

12.97 ± 0.09bcd

1.81 ± 0.03ab

RMP

65.93 ± 0.09

13.37 ± 0.38a

11.11 ± 0.06a

5.20 ± 0.02d

RMBB

68.41 ± 0.15

15.91 ± 0.04bc

12.46 ± 0.15bc

2.34 ± 0.05bc

RMPBB

65.74 ± 0.13

13.73 ± 0.08

a

a

5.34 ± 0.11d

CM

63.96 ± 0.05

19.53 ± 0.17e

13.98 ± 0.07d

2.14 ± 0.02bc

CMP

61.61 ± 0.15

17.04 ± 0.16cd

12.17 ± 0.21ab

5.31 ± 0.01d

CMBB

63.58 ± 0.16

19.73 ± 0.01e

13.38 ± 0.16cd

2.72 ± 0.08c

CMPBB

61.22 ± 0.15

17.53 ± 0.14d

12.05 ± 0.13ab

5.59 ± 0.22d

11.05 ± 0.14

Means along a column bearing different superscripts differ significantly (P<0.05), where as means
without superscripts do not differ significantly. RM: Raw mince; RMP: Raw mince with potato; RMBB:
Raw mince battered and breaded; RMPBB: Raw mince with potato battered and breaded; CM: Cooked
mince; CMP: Cooked mince with potato; CMBB: Cooked mince battered and breaded; CMPBB:
Cooked mince with potato battered and breaded.

The high fat content in the cutlets was attributed to the fat content of pangas
meat and absorption of oil during frying. Chetena et. al. (2014) reported that cutlets
with 50 % added potato showed reduced moisture and protein content, which was not
in agreement with present study. There was no significant difference found in protein
content between cutlets that were battered and not battered, despite of presence of
egg protein in the batter mixture.
Texture Profile Analysis (TPA) of cutlets
Texture profile is affected by many processing factors such as the type and
amount of ingredients, additives, heat treatment and equipment used (Yetim, 2000).
The texture profile analysis of the cutlets prepared from pangas mince is given in
table 3.
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Hardness is related to the strength of gel structure under compression and is the
peak force during first compression cycle (Chandra and Shamasundar, 2014). Cutlets
from raw mince and cooked mince showed significant difference (p<0.05) in their
hardness and the cutlets from raw mince consistently showed higher hardness than
the batch from cooked pangas mince. High hardness values for cutlets made from
raw mince were due to high gel strength that needed more energy to break the
structure. Low hardness values in cutlets made from cooked meat were due to
destruction of gel structure during the initial cooking treatment. Low cohesiveness
values of cutlets from cooked meat indicate low bonding strength.
Table 3. Texture Profile analysis of cutlets prepared from raw and cooked minced
meat of pangas catfish
Attributes
Hardness(g)

RM

RMP

RMBB

RMPBB

CM

CMP

CMBB

CMPBB

7228.48± 7264.32± 7775.21±1 8067.78±22 3507.38±7 2501.78±10 5652.60±1 3329.10±88.
177.23c
55.52c
37.38c
3.49c
5.83a
2.27a
44.68b
78a

Fracturability
(g)

-

-

-

-

-

-

-

-

Adhesiveness

-0.70 ±
0.18

-2.01 ±
0.31

-0.36 ±
0.05

-1.77 ± 0.29

-1.83 ±
0.15

-0.95 ± 0.16

-1.24 ±
0.25

-1.10 ± 0.10

Springines
Cohesiveness

0.748 ±
0.01c
0.55 ±
0.01d

0.748 ±
0.01c
0.42 ±
0.01b

0.763 ±
0.01c
0.55 ±
0.01d

0.739 ±
0.01c
0.46 ± 0.01c

0.625 ±
0.01b
0.42 ±
0.01b

0.387 ±
0.01a
0.28 ± 0.01a

0.628 ±
0.01b
0.47 ±
0.01c

0.402 ±
0.007a
0.30 ± 0.01a

Gumminess

4019.48± 3067.73± 4323.81±1 3778.38±12 1491.69±2
108.05d
32.14c
14.03d
6.61d
6.78b

720.12
±24.62a

2678.05±8 1027.62±36.
9.80c
32ab

Chewiness

3011.26± 2296.58± 3318.98±1 2805.94±11 933.85±24.
106.11d
38.17bc
24.54d
5.95cd
64a

281.56
±16.95a

1684.01±6
2.94b

415.74±
18.80a

0.07 ± 0.01a

0.14 ±
0.01cd

0.09 ± 0.01a

Resilience

0.21 ±
0.01e

0.13 ±
0.01bc

0.21 ±
0.01e

0.16 ± 0.01d

0.12 ±
0.01b

Means across the rows bearing different superscripts differ significantly (P<0.05). RM: Raw mince;
RMP: Raw mince with potato; RMBB: Raw mince battered and breaded; RMPBB: Raw mince with
potato battered and breaded; CM: Cooked mince; CMP: Cooked mince with potato; CMBB: Cooked
mince battered and breaded; CMPBB: Cooked mince with potato battered and breaded.

Fracturability is defined as the force at the first significant break in the TPA
curve. In this study no fracturability was observed in any of the cutlets. The cutlets
from different lots were not differed significantly (p>0.05) in their adhesiveness.
There was no significant difference found between the springiness of cutlets made
from raw pangas meat, and these cutlets consistently showed higher springiness than
the batch from cooked pangas meat. Cutlets from different lots differed significantly
(p<0.05) in cohesiveness values with maximum values in cutlets from RM and
RMBB lots. The values for gumminess in cutlets from different lots differed
significantly (p<0.05) and except for RMP, the maximum values for gumminess were
found for cutlets made from raw mince (RM, RMBB, RMPBB). The values for
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chewiness in cutlets from different lots differed significantly (p<0.05) and the
maximum values were found for cutlets from RMBB and RM lots. Resilience in
cutlets from different lots differed significantly (p<0.05) and the maximum values
were found for cutlets from RMBB and RM lots. The differences in textural
properties of cutlets made in different combinations were due to the difference in
composition
Cutting test of the cutlets
Cutting test was conducted to know the toughness of the cutlets and the
strength required to cut it. The results for cutting test are given in table 4. Cutting
strength values showed significant difference (p<0.05) between the cutlets made in
different combinations. Higher cutting strength was observed in cutlets made from
raw mince, with maximum cutting strength shown in cutlets from RMBB and RM
lots. The differences in cutting strength values of cutlets are due to the differences in
processing and composition. The less strength in cutlets made from cooked mince
might be due to the softening of muscle on cooking. Cutting strength values followed
a similar pattern to that of hardness values in the penetration test.
Table 4. Cutting test of cutlets prepared from raw and cooked minced meat of pangas
catfish
Attributes

RM

RMP

RMBB

RMPBB

Cutting
strength
(N)

18.09±0.27cd

16.20±0.47

21.97±0.69d

15.90±0.35

c

c

CM

CMP

CMBB

CMPBB

8.72±0.50b 3.65±0.06a 10.48±0.32b 6.35±0.08ab

Distance at
39.95±0.29
39.86±0.21 32.82±0.16 42.83±0.31 41.29±0.42c
Failure 36.63± 0.37b
38.98±0.35bc
44.00±0.13e
cd
cd
a
de
de
(mm)
Work of
107.48±1.56d
shear (N.
e
Sec)

93.65
±2.15d

120.39±3.58
e

96.04±
1.20d

48.14±1.33 24.88±0.65
bc

a

65.56 ±
1.36c

40.55±0.75a
b

Means across the rows bearing different superscripts differ significantly (P<0.05). RM: Raw mince;
RMP: Raw mince with potato; RMBB: Raw mince battered and breaded; RMPBB: Raw mince with
potato battered and breaded; CM: Cooked mince; CMP: Cooked mince with potato; CMBB: Cooked
mince battered and breaded; CMPBB: Cooked mince with potato battered and breaded.

Penetration test of the cutlets
Penetration test (Table 5) was conducted to know the hardness, stickiness and
stringiness of the cutlets. No significant difference was found in any of these values
between cutlets from different lots.
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Table 5. Penetration test of cutlets prepared from raw and cooked minced meat of
pangas catfishs
Attributes
RM
RMP
Hardness 178.20 ± 121.79 ±
(g)
5.09bc
10.65abc
Stickiness -27.17 ± -23.81 ±
(g)
0.39ab
0.46ab
Stringiness 0.46 ±
0.48 ±
(mm)
0.01a
0.02a

RMBB RMPBB
187.35 ± 154.28 ±
3.66c
13.16bc
-29.60 ± -28.38 ±
0.30a
1.33a
0.91 ±
0.883 ±
0.09a
0.12a

CM
98.09 ±
7.15ab
-17.87 ±
1.47ab
23.40 ±
0.75bc

CMP
43.63 ±
1.48a
-16.30 ±
0.86b
27.01 ±
0.41c

CMBB
122.33 ±
7.82abc
-29.40 ±
0.69a
7.86 ±
3.27a

CMPBB
111.03 ±
11.79abc
-20.37 ±
2.43ab
12.50 ±
2.69ab

Means across the row bearing different superscripts are significantly different (P<0.05). RM: Raw
mince; RMP: Raw mince with potato; RMBB: Raw mince battered and breaded; RMPBB: Raw mince
with potato battered and breaded; CM: Cooked mince; CMP: Cooked mince with potato; CMBB:
Cooked mince battered and breaded; CMPBB: Cooked mince with potato battered and breaded.

Table 6. Sensory attributes of cutlets prepared from raw and cooked minced meat of
pangas catfish
Attributes
Color
Texture
Flavor
Chewiness
Odor
Appearance
Adhesiveness
Meatiness
Spiciness
Hardness
Saltiness
Overall
acceptability

RM

RMP

RMBB

RMPBB

CM

CMP

CMBB

CMPBB

7.25 ±
0.09
7.25 ±
0.11
7.62 ±
0.06
7.50 ±
0.12
7.38 ±
0.06
7.13 ±
0.10
7.13 ±
0.08
7.63 ±
0.11
7.13 ±
0.08
7.38 ±
0.06
7.63 ±
0.06
7.50 ±
0.09

7.43 ±
0.12
6.71 ±
0.16
7.14 ±
0.15
7.71 ±
0.11
7.43 ±
0.16
7.57 ±
0.12
7.29 ±
0.12
7.14 ±
0.15
7.57 ±
0.12
7.57 ±
0.10
7.71 ±
0.09
7.14 ±
0.15

7.63 ±
0.09
7.13 ±
0.10
7.38 ±
0.06
6.38 ±
0.09
7.13 ±
0.08
7.75 ±
0.06
6.88 ±
0.16
7.25 ±
0.09
7.38 ±
0.09
7.00 ±
0.13
7.63 ±
0.06
7.38 ±
0.06

7.63 ±
0.11
7.50 ±
0.09
7.25 ±
0.11
7.25 ±
0.09
7.75 ±
0.09
7.88 ±
0.08
7.50 ±
0.12
7.50 ±
0.12
7.75 ±
0.09
6.75 ±
0.11
7.63 ±
0.11
7.38 ±
0.09

8.00 ±
0.12
7.50 ±
0.13
7.50 ±
0.13
7.50 ±
0.12
7.50 ±
0.09
7.50 ±
0.09
7.50 ±
0.12
7.88 ±
0.10
7.38 ±
0.11
7.38 ±
0.15
6.75 ±
0.13
7.25 ±
0.13

7.88 ±
0.10
8.00 ±
0.13
7.88 ±
0.10
7.50 ±
0.13
7.88 ±
0.08
7.63 ±
0.11
7.38 ±
0.15
7.75 ±
0.15
7.75 ±
0.11
7.38 ±
0.16
7.88 ±
0.12
7.88 ±
0.14

7.63 ±
0.09
7.38 ±
0.09
7.75 ±
0.11
7.25 ±
0.11
7.38 ±
0.16
8.13 ±
0.04
7.63 ±
0.09
7.75 ±
0.09
7.63 ±
0.09
7.38 ±
0.09
7.13 ±
0.16
7.75 ±
0.09

7.88 ±
0.04
7.88 ±
0.08
7.88 ±
0.08
7.50 ±
0.07
7.50 ±
0.09
7.88 ±
0.08
7.25 ±
0.09
7.75 ±
0.06
7.63 ±
0.09
7.88 ±
0.08
7.88 ±
0.08
8.00 ±
0.07

No significant difference in any attribute. RM: Raw mince; RMP: Raw mince with potato; RMBB: Raw
mince battered and breaded; RMPBB: Raw mince with potato battered and breaded; CM: Cooked
mince; CMP: Cooked mince with potato; CMBB: Cooked mince battered and breaded; CMPBB:
Cooked mince with potato battered and breaded.
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Sensory analysis of cutlets
Scores for the sensory attributes of cutlets made in eight different combinations
are given in table 6. No significant difference was found between cutlets from
different lots in any of the sensory attributes. All the cutlets made in different
combinations were sensorially acceptable with over all acceptable scores of more
than 7.0.
Textural determination equipments (including Textural Profiles Analyzer) can
be used to determine differences in texture among different treatment samples,
whereas textural determination based on the sensorial test is preferred by consumers
(Nurul et al., 2010). The sensory scores above five indicated that pangas cutlets
prepared in eight different combinations were sensorially acceptable. During their
studies on cutlets Ahamaed et al. (2006), Pawar et al. (2012), Chetena, et. al. (2014)
and Singh et al. (2014) reported that, addition of potato and application of enrobing
could improve the acceptability of cutlets, which was not observed in the present
study.
CONCLUSION
Based on the results, this study shows that different processing methods like
cooking of meat, addition of potato, application of battering and breading do not
significantly affect the nutritional composition, textural quality and sensorial
acceptability of pangas cutlets. By using any of these combinations, cutlets can be
prepared from pangas minced meat with good quality and sensorial acceptability. The
method to be used for preparing cutlets can be selected based on the availability of
materials, final product quality and economic viability. More study is needed in this
area to study the exact effect of individual ingredients and process on properties of
finished product.
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ABSTRACT
The experiment was conducted to study the performance of three T.
Aman varieties (BR22, BRRI dhan46 and BRRI dhan49) under normal
transplanting with 30, 45 and 60 days old seedlings and double
transplanting ( 30 days + 30 days) system at Plant Physiology Division
of Bangladesh Rice Research Institute, Joydebpur, Gazipur during T.
Aman season, 2013. Interaction effect was significant only for days to
maximum flowering and sterility percentage. BR22 required longer
duration to complete flowering when transplanted with 60 days old
seedlings, while sterility percentage was higher in BRRIdhan 49 when
transplanted with same aged seedlings. Photosynthetic rate, LAI, total
dry matter production, yield contributing characters and harvest index of
tested varieties were insignificant under different transplanting methods;
these parameters contributed to produce similar grain yield. The results
revealed that rice varieties BR22, BRRI dhan46 and BRRI dhan49
showed similar performance under normal transplanting with different
aged seedlings and double transplanting in respect of photosynthetic
rate, tillering pattern, LAI, total dry matter production and grain yield
during T. Aman season.
Keywords: Double transplanting,
transplanting, rice, yield.
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INTRODUCTION
Double transplanting is a crop establishment system in rice cultivation where
rice seedlings are transplanted twice, first on a piece of high land, and then in the
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main field after the recession of heavy rains. It is also practiced in Boro season when
main field is occupied by other crops at transplanting time. It is laborious and
sometimes not economic if yield is not better than normal transplanting with same
aged seedlings. However, the yield reduction of aged seedlings can be overcome by
transplanting seedlings from primary to secondary nursery (Sarma et al., 2010).
Simultaneously, this practice helps in producing healthy and taller seedlings that can
easily overcome the adverse situation like high water depth at the time of
transplanting (Rautaray, 2007; Ashim et al., 2010). In some flood-prone areas,
farmers practice double transplanting (even triple transplanting) to produce taller
seedlings for transplanting in standing water at the beginning of the season (India and
Bangladesh) or to rejuvenate seedlings while waiting for the floodwater to recede to
levels that can allow transplanting in the main field. Because Aman rice cultivation in
low lying areas through double transplanting system an appropriate technology to
avoid submergence problem in the flood prone areas (BRRI, 1994). Such a system
with triple transplanting is practiced in Indonesia and could be further improved
through the choice of proper varieties (eg., photoperiod-sensitive varieties seem to be
better adapted) or proper management of seedlings in nurseries or after transplanting
in the field (Ram et al., 2010). It is also said that double transplanted rice produce
more yield than normal transplanting with same aged seedlings (Ashim et al., 2010;
Ziagua, 2000; Satapathy, 2015). So, a comparative study of normal transplanting and
double transplanting system on the basis of some growth parameters and yield is
required. Therefore, this experiment was conducted to study the performance of of
some T. Aman varieties under normal transplanting and double transplanting
systems.
MATERIALS AND METHOD
The experiment was conducted at the Plant Physiology Division of
Bangladesh Rice Research Institute (BRRI), Joydebpur, Gazipur during T. Aman
season of 2013. The experimental site is located at the centre of the agroecological
zone of Madhupur tract (AEZ-28). The soil belongs to the Chhiata series of the Grey
Terrace soils (Aeric Albaquept) under the order Inceptisols in the USDA Soil
Taxonomy (SRDI and BARC, 2005). The soil was clay loam in texture having pH
6.2, organic matter content 1.3%, total N 0.07%, available P 22.0 ppm, exchangeable
K 0.20 me/100 g soil and available S 44 ppm (BRRI, 1999). Three seedling ages (30,
45 and 60 days) for normal transplanting along with double transplanting (30 days +
30 days) were studied on three T. Aman varieties (BRRIdhan49, BRRIdhan46 and
BR22). Transplanting methods were treated as factor A and T. Aman varieties as
factor B. The experiment was laid out in Randomized Complete Block Design with
three replications. The unit plot size was 3m × 3m. For raising seedlings, sprouted
seeds of all varieties were sown in the seedbed. In double transplanting system (30
days + 30 days), thirty days old seedlings were transplanted at 10cm×10cm spacing
using 9 seedlings per hill in a separate plot. After 30 days of first transplanting, the
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entire hill were uprooted and again transplanted in the main field with 2-3 tillers hill1
at 20 cm × 15 cm spacing. In normal transplanting system thirty, forty five and sixty
days old seedlings were transplanted at 20cm×15cm spacing in the main fields,
respectively. Both normal transplanting and double transplanting were done in the
main field on the same date at 8 August, 2013. The soil was fertilized with 90-10-358 kg ha-1 of NPK and S in the form of urea, TSP, MOP and gypsum. The entire
quantities of fertilizers except urea were applied at final land preparation. Urea
fertilizer was top dressed in three splits. First and second dose was applied at 10 days
and 30 days after transplanting, respectively. Third dose was applied 5-7 days before
panicle initiation. Other cultural practices were done as and when required. Tillering
rate was measured at 15, 30, 45 and 60 days after transplanting (DAT) by four
adjacent hills basis and tiller number hill-1 was converted into tiller m-2.
Photosynthesis data was taken at maximum flowering stage considering flag leaf at
the middle portion using LI-6400 portable photosynthesis system. Ten hills were
considered randomly from each replication for measuring photosynthesis data. For
taking leaf area and dry matter weight, samplings were done at 60 and 80 DAT from
the area out of the area for yield measurement. Dry matter weight was also taken at
harvesting time. From leaf area data, leaf area index (LAI) was calculated according
to Gomez (1972). Samples for yield components were taken from three
representative hills at physiological maturity. The crop was harvested from an area of
5m2 excluding border for yield measurement. Grain yield was adjusted at 14%
moisture level and converted it to t ha-1. All data were analyzed by using
CROPSTAT 7.2 statistical software of IRRI.
RESULTS AND DISCUSSIONS
Growth characteristics:
Tillering pattern : Tiller number increased with the increase of age of plant
up to 45 DAT and then decreased onwards in all normal planting system in all the
varieties. Initially tiller number was high in double transplanting and it gradually
dropped after second transplanting in all the varieties. Minimum tiller number was
found after flowering stage due to death of later formed tillers (Figure 1).
Leaf area index (LAI): Maximum LAI was observed for normal transplanting
with 45 days old seedlings both at 60 DAT and 80 DAT in all the varieties and other
treatment combinations were statistically similar. Higher LAI at 60 DAT with 45
days old seedling was due to higher tillering density at this stage. LAI decreased with
age from flowering to maturity in all the treatment combination due to leaf
senescence. Higher LAI indicated more green leaf area producing more assimilates
and supplied sufficient assimilates to the grains resulted reduction in grain sterility.
But LAI at 80 DAT became similar both for normal transplanting and double
transplanting with same aged seedling in all varieties except BR22. Zhong et al.
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(2002) stated that transplanting, spacing and number of seedlings hill−1 had little
effect on LAI (Figure 2 ).

Figure 1. Tillering pattern of BRRIdhan 49 (a), BRRIdhan 46 (b) and BR22 under
differing methods

Figure 2. Leaf area index ( LAI) of BRRIdhan 49 (a), BRRIdhan 46 (b) and BR22
under differing methods
Total dry matter weight: Total dry matter weight increased with increasing
age of plants in all the varieties. Total dry matter weight increased sharply up to 80
DAT, then increased slowly and at maturity it became stable. Azarpour et al. (2014)
stated that maximum total dry matter accumulation was occurred at grain filling.
Total dry weight is increased over time so that at early growth stages it increases with
fewer gradients and in later stages, slope increasing is greater until total dry weight
reaches to its maximum (grain filling). Total dry matter weight at 60 DAT, 80 DAT
and at harvesting stage was statistically similar both for double transplanting and
normal transplanting in all the varieties. This was happened due to similar
photosynthetic rate of all the varieties at different transplanting methods (Figure 3 ).
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Figure 3. Total dry matter (TDM) weight of BRRIdhan 49 (a), BRRIdhan 46 (b) and
BR22 under differing methods
Yield and yield components
Effect on varieties: Significant variation was present among the varieties for
days to maximum flowering, number of panicles m-2, number of grains panicle-1,
1000-grain weight and grain yield (Table 1). BR22 required more days (109 days) to
attain maximum flowering stage while BRIdhan49 required less days (103 days). The
highest number of panicle m-2 (235.41) was recorded in BRRIdhan49 which was
statistically identical to BR22 and the lowest was obtained from BRRIdhan46. On the
other hand, grain panicle-1 was maximum (127.13) in BR22 and it was similar to
BRRIdhan49. Thousand grain weight of BRRIdhan46 was maximum (24.93g) but
that of BRRIdhan49 and BR22 was lower. The highest grain yield (5.44 t ha-1) was
observed in BRRI dhan49 which was at par with BR22 and the lowest yield was
found in BRRI dhan46 (Table 1). Maximum grain yield in BRRIdhan49 was due to
higher number of panicle m-2 and grain per panicle. Hassan et al. (2003) also reported
that grain yield is a function of interplay of various yield components such as number
of productive tillers, spikelets per panicle and 1000-grain weight.
Table 1. Effect of varieties on photosynthesis, yield and yield components
Variety

BRRI
dhan49
BRRI
dhan46
BR22
LSD(0.05)
CV (%)

Photosynthesis
(µmolCO2
m-2s-1)
20.72

Days to
maximum
flowering
(no.)

Panicle
m-2
(no.)

Grain
panicle-1
(no.)

1000grain
weight
(g)

103

235.41

118.02

18.42

5.44

23.53

0.48

20.45

105

204.86

97.44

24.93

4.97

26.43

0.46

20.70
NS
9.00

109
1.42
1.80

218.05
26.06
12.90

127.13
14.58
14.00

19.14
1.52
8.60

5.42
0.42
10.40

22.58
NS
18.40

0.48
NS
5.50

NS =Not significant

Grain Sterility
yield (t
(%)
ha-1)

Harvest
index
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Effect of transplanting methods: Photosynthetic rate, days to maximum
flowering, number of panicles m-2 and number of grain panicle-1 varied significantly
due to transplanting methods (Table 2). Photosynthetic rate decreased with increasing
seedling age but it was maximum in double transplanting system. Days to maximum
flowering, number of panicle m-2 increased but number of grain panicle-1 decreased
with the increase of seedling age. Grain yield variations among the varieties due to
transplanting methods were insignificant. This was occurred due to combined effect
of number of panicle m-2 and grain per panicle (Table 2).
Table 2. Effect of planting methods on photosynthesis, yield and yield components
Variety

Photosyn- Days to Panicle
m-2
maximum
thesis
flowering
(no.)
(µmolCO2
(no.)
m-2s-1)

Grain
panicle-1
(no.)

1000grain
weight
(g)

Grain Sterility Harvest
(%)
index
yield
(t ha-1)

NTP (30 DAS)

20.28

103

186.11

119.23

21.00

5.04

22.90

0.42

NTP (45 DAS)

20.00

106

217.59

111.91

20.32

5.63

22.96

0.44

NTP (60 DAS)

19.82

107

266.66

98.89

21.50

5.20

27.04

0.53

DT (30 +30) DAS

22.40

107

207.40

126.76

20.50

5.24

23.82

0.49

LSD(0.05)

1.83

1.67

30.10

16.83

NS

CV (%)

9.00

1.80

12.90

14.00

8.60

NS
10.40

NS
18.40

NS
5.50

NTP = Normal transplanting, DT = Double transplanting, DAS = Days after seeding
NS =Not significant

Effect of interaction: Significant variation was observed for days to maximum
flowering and sterility percentage among all treatment combinations. Other
parameters including grain yield were statistically similar (Table 3, 4 & 5).
Maximum days to complete flowering was observed in BR22 at normal transplanting
with 60 days aged seedlings followed by double transplanting. Minimum days to
complete flowering was observed in BRRI dhan49 at normal transplanting with 30
days old seedlings. The variation among the treatment combinations for maximum
flowering may be due to varietals factors In this study, grain yield variation was
insignificant for all the treatment combinations due to resultant effect of number of
panicle m-2 and grain per panicle. This result showed dissimilarity with the findings
of Ashem et al. (2010). But these characters are closely associated with some yield
contributing characters as LAI, total dry matter weight, productive tiller, harvest
index and so on. The highest percentage of sterility was observed in normal
transplanting with 60- day old seedlings of BRRIdhan49 followed by double
transplanting of BRRIdhan46 and the lowest in the plant which was transplanted with
30- day old seedlings of BRRI dhan49. The highest sterility percentage was due to
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late producing tiller which flowered later and produced inferior spikelets. These
spikelets were filled slowly and poorly and ultimately produced unfilled grain.
Table 3. Interaction effect of variety and planting method on photosynthesis, days to
maximum flowering and panicle m-2 during T. Aman season, 2013
Planting
method

Variety
Photosynthesis
(µmolCO2m-2s-1)

Panicle m-2
(no.)

Days to maximum flowering
(no.)

BRRI
dhan49

BRRI
dhan46

BR22

BRRI
dhan49

BRRI
dhan46

BR22

BRRI
BRRI
dhan49 dhan46

NTP (30 DAS)

19.63

20.50

20.73

95

104

109

200.00

163.88 194.44

NTP (45 DAS)

21.03

18.76

20.20

104

105

107

227.77

211.11 213.88

NTP (60 DAS)

18.05

20.20

21.23

105

107

111

275.00

261.11 263.88

DT(30 +
30)DAS

24.16

22.36

20.66

107

104

109

238.88

183.33 200.00

LSD(0.05)

NS

3.2

47.83

CV (%)

9.00

1.8

12.90

BR22

NTP = Normal transplanting, DT = Double transplanting, DAS = Days after seeding
NS =Not significant

Table 4. Interaction effect of variety and planting method on grain panicle-1 , 1000grain weight and grain yield during T. Aman season, 2013
Planting
method

Variety
-1

Grain panicle
(no.)

1000-grain weight
(g)

BRRI
BRRI BR22 BRRI
dhan49 dhan46
dhan49

Grain yield (t ha-1)

BRRI
dhan46

BR22

BRRI
dhan49

BRRI
dhan46

BR22

NTP (30 DAS)

132.67

94.92

130.0
9

19.15

25.00

18.84

4.69

4.71

5.72

NTP (45 DAS)

115.84

90.01

129.8
9

18.52

23.33

19.11

5.25

5.76

5.87

NTP (60 DAS)

106.14

92.57

97.96

17.89

27.49

19.12

5.10

5.62

4.89

DT(30 + 30)DAS 117.41

112.28

150

18.14

23.89

19.48

4.85

5.65

5.21

LSD(0.05)

NS

NS

NS

CV (%)

14.00

8.60

10.4

NTP = Normal transplanting, DT = Double transplanting, DAS = Days after seeding
NS =Not significant
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Table 5. Interaction effect of variety and planting method on sterility and harvest
index during T. Aman season, 2013
Planting
method

Variety
Sterility (%)

Harvest index

BRRI dhan49 BRRI dhan46 BR22

BRRI
dhan49

BRRI
dhan46

BR22

NTP 30 DAS)

16.43

25.33

26.93

0.47

0.40

0.53

NTP (45 DAS)

23.27

26.38

19.23

0.41

0.47

0.48

NTP (60 DAS)

30.95

26.47

23.71

0.38

0.50

0.47

DT (30 + 30)DAS

23.47

27.54

20.45

0.45

0.56

0.52

LSD(0.05)

7.92

NS

CV (%)

18.40

5.50

NTP = Normal transplanting, DT = Double transplanting, DAS = Days after seeding
NS =Not significant

CONCLUSION
The results revealed that rice varieties BR22, BRRI dhan46 and BRRI dhan49
showed similar performance under normal transplanting with different aged seedlings
and double transplanting in respect of photosynthetic rate, tillering pattern, LAI, total
dry matter production and grain yield during T. Aman season.
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ABSTRACT
Turmeric-sesame intercrops at different planting densities were studied
at the Regional Agricultural Research Station, Ishwardi, Pabna,
Bangladesh in 2014 and 2015 to find out the productivity and economic
performance of intercropping sesame with turmeric. The experiment was
laid out in RCB design maintaining three replication with five treatments
viz., turmeric (100%) + 1 row sesame (33%) in between turmeric lines,
turmeric (100%) + 2 row sesame (67%) in between turmeric lines,
turmeric (100%) + 3 row sesame (100%) in between turmeric lines,
turmeric (100%) + sesame broadcast (100%) in between turmeric lines,
sole turmeric and sole sesame. Rhizome yield of turmeric was
-1
significantly higher in all intercropping systems (22.85-23.77 t ha ) than
-1
in monoculture system (18.00 t ha ). The maximum turmeric yield (23.77
-1
t ha ) was obtained from turmeric (100%) + 3 row sesame (100%) in
between turmeric lines intercropping system, which was also exhibited
-1
higher turmeric equivalent yield (26.05 t ha ), benefit cost ratio (3.50),
land equivalent ratio (2.28), competitive indices values, SPI (41.09) and
-1
MAI (Tk. 294952.62 ha ) compared to the other intercropping and sole
cropping system.
Keywords: Economic, intercropping, turmeric, sesame

INTRODUCTION
Bangladesh is an agriculture based country and about 16.33% of the gross
domestic product (GDP) comes from agriculture (AIS, 2015). Majority of the farmers
are marginal and their land size is averagely from 0.05 to 2.49 acres (MOA, 2014).
Beside of this, the cultivable land area is decreasing day by day with the increasing of
human population and subsequently urbanization and industrialization in Bangladesh.
*
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Increasing food demand for the over population is creating challenge to the country
for increasing productivity of the limited land. The cultivation of sesame is
drastically declining due to widely increasing of rice, maize and mungbean
cultivation in kharif-1 season. Moreover, sesame competes with jute and different
vegetables in the season. Now cultivation of long duration crops are discouraged and
simultaneously short duration crops, mixed crop and intercrops are emphasized for
cultivation to ensure food security for a large number of population. Intercropping
system is a production method with more than one crop together to increase the
productivity. Consequently, intercropping is a time demanding technology for
cultivation of long duration crops. So, intercropping of sesame with turmeric will
help to retain oilseed and spices crops in existing cropping pattern. It will also play
an important role to ensure highest productivity per unit area as well as supply oil in
our food menu. It is mentioned that about 35-47 g oil/fat is required for a adult person
per day but we consume only 17-19 g per day, which is half of the full requirement
(Ullah et al., 2001). At present, the domestic production of edible oil can only meet
about 20% of the country annual demand and rest is imported which costs more than
Tk. 20 billion (BSA, 2013). Moreover, many children in our country severely suffer
in blindness which occurred due to deficiency of Vitamin A. It is soluble in oil only.
So, if we include substantial amount of oil in our daily food list that will play a vital
role to decrease blindness. Turmeric is a long durated (270-290 days) wide spaced
(50-60 cm) crop that is required 60-70 days for 100% emergences. It can be
cultivated in shady places as they are partially shade loving crops (Haque and
Hossain, 1985 and Joyachandran et al., 1991). So, farmers can easily grow a short
duration crop as intercrop with turmeric at early growth stage. Sesame is a short
durated (90-95 days) crop and it is grown in same cropping seasons of turmeric.
However, sesame may be grown as intercrop as they have different growth habit,
growth duration and demand for growth resources. The farmers usually grow
turmeric as a sole crop in the open sunny place. Joyachandran et al. (1991) reported
from India that higher fresh turmeric yield was obtained in intercropping situation
than sole crop due to shady condition than those in open sunlight. With this view, the
present experiment was undertaken to find out the productivity and profitability of
intercropping sesame with turmeric.
MATERIALS AND METHODS
The experiment was conducted at the Regional Agricultural Research Station,
Ishwardi, Pabna, Bangladesh during 2014 and 2015 to find out the productivity and
economic performance of intercropping sesame with turmeric. Treatments were viz.
T1 = Turmeric (100%) + 1 row sesame (33%) in between turmeric lines, T 2
=Turmeric (100%) + 2 row sesame (67%) in between turmeric lines, T 3 =Turmeric
(100%) + 3 row sesame (100%) in between turmeric lines, T4 =Turmeric (100%) +
sesame broadcast (100%) in between turmeric lines, T 5 =Sole turmeric and T6 =Sole
sesame. The experiment was laid out in a randomized complete block design with
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three replications. The unit plot size was 4.5m  4m. Turmeric was the main crop and
sesame was the intercrop in the study. Sesame was intercropped in between turmeric
row @ 33%, 67% and 100% population. The turmeric variety BARI Halud-4 and
sesame variety BARI Til-4 were planted/sown on 22 March 2014 and 20 March
2015, respectively. Except broadcasting, sesame seeds were sown in line (30 cm
apart row) following continuous seeding and finally maintained about 5 cm plant to
plant distance by thining. The sole crop of turmeric and intercrops were fertilized
with 140-54-117 kg ha-1 of N, P, K respectively with 5 t ha-1 cowdung where 1/3 N
and 1/2 of K and other fertilizers were used as basal. Rest of N was applied in three
equal splits at 30, 95 and 120 days after planting (DAP)/DAS. Remaining K was
applied at 95 and 120 DAP. Sole crop of sesame was fertilized with 60-30-25-20-2-2
kg ha-1 of N-P-K-S-Zn-B respectively, where ½ N and all other fertilizers were
applied as basal. Rest N was top dressed at 30 DAS. Weeding and other intercultural
operations were done as and when necessary. Earthing up for turmeric was done after
harvesting of sesame. Turmeric was harvested on 31 December 2014 and 28
December 2015, respectively. Sesame was harvested on 26 June 2014 and 30 June
2015, respectively. Data on yield and yield attributes were collected and analyzed
statistically. The mean values were adjudged by LSD (0.05) test. Turmeric equivalent
yield (TEY) was calculated as per following formula:

Yi  Pi
Price of turmeric
Where, Yi = yield of intercrops and Pi = Price of intercrop .
TEY = Yield of intercrop turmeric +

The relative advantage of intercropping compared to sole culture was calculated for
each proportion on a plot basis using the total land equivalent ratio (LER):
LER = RYt + RYi =

TIY
S
 IY
TSY
SSY

Where,
RYt= Relative yield of turmeric (main crop), RYi= Relative yield of intercrops
(sesame), TIY = Intercrop yield of turmeric, TSY = Sole crop yield of turmeric, SIY =
Intercrop yield of sesame, SSY = Sole crop yield of sesame
Replacement value of intercropping (RVI) and monetary advantage index (MAI) was
calculated according to Moseley (1994) and Ali and Mishra (1993), respectively:
RVI=

aP1  bP2
aM1 - C

Where,
P1 & P2 are the yield of intercrops and a & b are the respective prices of these crops.
M1 is the yield and C is the input cost the primary (main) crop in sole stand.
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The monetary advantage index (MAI) was calculated as described by Gosh (2004).
MAI= Value of combined intercrop yield × (LER-1)/LER
Where,
MAI= Monetary advantage index, LER= Land equivalent ratio
The competitive ratio (CR) among different combinations was calculated using the
following formula (Willey, 1980):
Competitive ratio =

LER of crop (a)
LER of crop (b)

The relative crowding coefficient (k) and aggressivity (A) were determined based on
Willey and Rao (1980) using mean grain yield values of treatments averaged across
years and replications as follows:
K= kab ×kba = [

Yab  Zba
Yba  Zab
]×[
]
(Yaa - Yab )  Zab
(Ybb - Yba )  Zba

Aggressivity of turmeric (Aab ) =

Aggressivity of sesame (Aba ) =

Yab
Yba
Yaa  Zab Ybb  Zba

Yba
Yab
Ybb  Zba Yaa  Zab

Where,
Kab and Kba are relative crowding coefficient for turmeric and sesame. Yab=
Intercropped yield of turmeric, Yba= Intercropped yield of sesame, Yaa= Sole crop
yield of turmeric, Ybb= Sole crop yield of sesame, Zab= Sown proportion of turmeric,
Zba= Sown proportion of sesame
The system productivity index (SPI) was calculated based on Odo (1991):
System productivity index (SPI)=

Sa
Yb+Ya
Sb

Where,
Sa= Mean yield of turmeric in sole culture, Sb= Mean yield of sesame in sole culture,
Ya= Mean yield of turmeric in mixed culture, Yb= Mean yield of sesame in mixed
culture
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RESULTS AND DISCUSSION
Yield and yield attributes of turmeric
The yield and yield contributing characters of turmeric was significantly
different due to intercropping of sesame (Table 1). All the values of yield
contributing characters were given highest under turmeric (100%) + 3 row sesame
(100%) in between turmeric lines intercropping system compared to other
intercropping system and sole cropping. Regarding the data, it was found that
rhizome yield of turmeric was significantly higher in intercropping (22.85-23.77 t ha1
) than in monoculture system (18.80 t ha-1) with the maximum value (23.77 t ha-1)
under turmeric (100%) + 3 row sesame (100%) in between turmeric lines
intercropping system. Sole crop of turmeric fail to produce higher rhizome yield
compared to intercropping system. It might be due to at open sunlight (sole turmeric)
the growth and development was poorer than intercropped condition. Moreover, the
emergence of turmeric plants was faster in sesame-turmeric intercropping system
than sole turmeric. That’s why it’s lead the better growth and development as well as
rhizome yield in sesame-turmeric intercropping situation compared to sole turmeric.
The results confirm the findings of Joyachandran et al. (1991) who reported that
higher fresh turmeric yield was obtained in intercropping situation than sole crop due
to shady condition than those in open sunlight. The rhizome yield increased 4 to 32%
in intercropping situation than sole crop of turmeric.
Yield contributing characters and yield of sesame
The considerable variation was found in case of branches/plant, capsules/plant
and seed yield/ha while plant height, seeds/capsule and 1000-seed weight were not
significant (Table 2). The maximum number of branches/plant (5.09) was recorded in
turmeric 100% + 1 line sesame (33%) in between two turmeric lines followed by
turmeric 100% + 2 line sesame (33%) in between two turmeric lines intercropping
system. The lowest number of branches/plant (3.82) was observed in turmeric 100%
+ sesame broadcast (100%) in between two turmeric lines combination. Increase in
sesame population with turmeric decreased the number of branches/plant. The
maximum number of capsules/plant (90.92) was recorded from the turmeric 100% +
1 line sesame (33%) in between two turmeric lines. Reduction in number of
capsules/plant was found with increased plant population of sesame. Higher number
of capsules/plant in the combination of lower population of sesame might be due to
production of more branches in sesame plants as compared to the combination with
dense population.
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Table 1. Yield and yield contributing characters of turmeric (pooled average of
2014 and 2015
Treatments

Plant Number of Number Weight of
Weight of Rhizome
height mother
of
mother
fingers/plant yield
(cm rhizome/pfingers/plrhizome/plant
(g)
(t/ha
lant
ant
(g)
(No)
(No)

Rhizome
yield
increased
(%) over
sole
turmeric

T1

121.63

6.76

17.18

217.77

359.75

18.80

4

T2

123.73

7.86

18.22

237.17

379.25

22.85

27

T3

125.06

8.08

19.13

238.90

418.41

23.77

32

T4

123.10

7.90

18.74

224.99

419.77

23.72

32

T5

120.37

5.95

16.43

179.33

355.21

18.00

-

LSD(0.05)

NS

0.55

1.03

16.73

26.75

1.34

-

CV (%)

3.24

6.13

4.70

6.22

5.66

5.10

-

Table 2. Yield contributing characters and yield of sesame (pooled average of 2014
and 2015
Treatments

Plant
height
(cm)

Branches/Capsules/p Seeds/
plant (no.) lant
capsule
(no.)

(no.)

1000-seed Yield (t/ha) Yield decreased (%)
weight (g)
over sole sesame

T1

119.90

5.09

90.92

59.95

3.27

0.62

53

T2

118.11

4.47

87.96

59.04

3.19

1.13

14

T3

117.34

4.36

84.06

58.34

3.15

1.27

4

T4

116.28

3.82

60.08

57.20

2.92

1.22

8

T6

116.75

4.39

74.14

58.37

3.16

1.32

-

LSD(0.05)

NS

0.18

4.24

NS

NS

0.09

-

CV (%)

4.69

3.30

4.36

2.90

6.96

6.65

-

T1 = Turmeric (100%) + 1 row sesame (33%) in between turmeric lines, T2 =Turmeric (100%) + 2 row
sesame (67%) in between turmeric lines, T3 =Turmeric (100%) + 3 row sesame (100%) in between
turmeric lines, T4 =Turmeric (100%) + sesame broadcast (100%) in between turmeric lines, T5 =Sole
turmeric and T6 =Sole sesame
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The highest seed yield of sesame (1.32) was recorded from the sole sesame. In
the intercrops, the maximum seed yield (1.27 t ha-1) was found in turmeric 100% + 3
lines sesame (100%) in between two turmeric lines followed by turmeric 100% +
sesame broadcast (100%) in between two turmeric lines combination. The lowest
seed yield (0.62 t ha-1) was recorded in turmeric 100% + 1 line sesame (33%) in
between two turmeric lines combination because of the lowest plant population of
sesame in per unit area. Sesame gave 4 to 53 percent higher yield in monoculture as
compared to their corresponding intercropped yield. The crop performance in
different stages of turmeric - sesame intercropping systems was shown in figure 1.

After 45 DAP/DAS of turmeric and
sesame

After harvest of sesame crop (95
DAP/DAS)

After 140 DAP of turmeric

Figure 1. Different stages of turmeric - sesame intercropping systems
Turmeric equivalent yield (BEY)
Turmeric equivalent yield gave higher (19.89-26.05 t ha-1) in all the
intercropping system over sole crop of turmeric (18.00 t ha-1). It’s indicated that
higher biomass production and consequently more efficient use of land and available
resources under intercropping than under sole cropping. The highest turmeric
equivalent yield (26.05 t ha-1) was found with turmeric (100%) + 3 row sesame
(100%) in between turmeric lines intercropping system.
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LER, RVI and MAI of turmeric-sesame intercrop
The land equivalent ratio exceeded unity in most intercropping systems in the
experiments indicating an advantage of intercropping compared to the sole cropping
(Table 4). However, the highest LER (2.28) was obtained in turmeric (100%) + 3 row
sesame (100%) in between turmeric lines intercropping system. This means that
128% of the yield of turmeric and sesame on intercrops is monocrops.
Replacement value of intercropping (RVI) is one of a better measure of
economic advantage of intercropping. The maximum value (2.34) of RVI was
observed in turmeric (100%) + 3 row sesame (100%) in between turmeric lines
intercropping system. This implies that the farmers practice intercropping of turmeric
(100%) + 3 row sesame (100%) in between turmeric lines will be making 134% more
profit than the farmers who are involved in turmeric and sesame monocropping.
The monetary advantage index (MAI) also gives an indication of the economic
advantage of the intercropping system. The values of MAI were positive in all the
intercropping system. The result revealed that yield and economic advantages in
turmeric-sesame intercropping at all the combination were over their sole cropping.
The highest MAI (Tk. 294953 ha-1) was obtained in the turmeric (100%) + 3 row
sesame (100%) in between turmeric lines intercropping system, which implied that
the planting pattern was highly economical and advantageous for the mixtures.
Dhima et al. (2007) reported that if LER and relative crowding coefficient (K) values
were higher, there was an economic benefit expressed with MAI values such as
obtained in the present study.
Competitive ratio (CR)
Competitive ratio values showed variation among the intercropping indicating
differential competitive ability of component crop as influenced by intercrops of
sesame at different populations (Table 5). Turmeric showed higher value of CR
(1.34-2.22) than the sesame (0.45-0.75) in all intercropping combination indicating
turmeric as the best competitor than sesame. Turmeric exhibited better competitive
ability in all the combination probably turmeric plant was highly responsive to
intercrops of sesame. Lower values of difference in CR indicated similarities of
competitiveness but higher values of difference in CR indicated more dissimilarities
of competitiveness between the species grown in mixture. Consequently, turmeric
100% + 1 line sesame (33%) in between two turmeric lines intercropping system with
higher difference of CR (1.77) exhibited dissimilarities competitiveness between the
component crops (Table 5). However, turmeric 100% + 3 line sesame (100%) in
between two turmeric lines intercropping system with lower CR (0.60) showed
merely similar competitiveness between the component crops. The results expressed
that similar competitiveness with minimum CR between component crops provided
complementary utilization of growth resources for better performance of
intercropping with higher productivity. The results are in agreement with the finding
of Nyakatawa, (1998) and Islam, (2002). The CR over 1 (unity) indicates the species
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as good competitor while less than 1 (unity) indicates the species as poor competitor
when grown in association (Jedel et al., 1998).
Economic return of turmeric-sesame intercropping system
On the basis of mean of 2 years, the highest monetary return was observed in
turmeric (100%) + 3 row sesame (100%) in between turmeric lines intercropping
system which gave an additional income of Tk.149299 over the sole crop of turmeric.
All the intercrop combination gave monetary advantages over turmeric alone.
Table 3: Economics of intercropping sesame with turmeric (average of two years
Treatments

TEY
(t ha-1)

Gross return

Total cost

(Tk ha )

(Tk ha )

(Tk ha )

T1

19.89

397700

145431

252269

2.73

T2

24.83

496550

147048

349502

3.38

T3

26.05

520900

148665

372235

3.50

T4

25.86

517100

149234

367866

3.47

T5

18.00

360000

137064

222936

2.63

T6

2.31

46200

37800

8400

1.22

-1

-1

Gross margin

BCR

-1

Market price:
Turmeric: TK 20/kg, Mungbean: Tk 60/kg and sesame: Tk 35/kg

Table 4.

Land equivalent ratio (LER), replacement value of intercropping (RVI)
and monetary advantage index (MAI) of sesame-turmeric intercropping
system (average of two years)
LER values

Treatments

RVI

MAI (Tk. ha-1)

Turmeric

Sesame

Total

T1

1.04

0.47

1.51

1.78

135042.90

T2

1.27

0.86

2.13

2.23

262934.94

T3

1.32

0.96

2.28

2.34

294952.62

T4

1.32

0.92

2.24

2.32

286459.79

T5

1.00

0.00

1.00

1.61

0.00

T6

0.00

1.00

1.00

0.21

0.00
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Aggressivity, relative crowding coefficient and SPI of turmeric-sesame intercrop
Aggressivity (A), relative crowding coefficient and system productivity index
(SPI) of turmeric-sesame intercropping system are presented in table 6. The value of
aggressivity determines the competitive ability of the component crops in an
intercropping system. In different intercropping system, there was a positive sign for
turmeric and a negative sign for the intercropped sesame indicating that turmeric was
dominant while sesame was dominated. Data showed positive aggressivity for
turmeric at turmeric 100% + 3 lines sesame (100%) in between two turmeric lines
and turmeric 100% + sesame broadcast (100%) in between two turmeric lines
intercropping system while its proved less competitive and was dominated by sesame
at turmeric 100% + 1 line sesame (33%) in between two turmeric lines and turmeric
100% + 2 lines sesame (67%) in between two turmeric lines intercropping system.
Intercropping of 2 lines sesame (67%) in between two turmeric lines (100%) showed
minimum competitive ability between the component crops.
Relative crowding coefficient of turmeric and sesame was more than 1
indicating greater non-competitive interference than the competitive one (Table 6).
The intercropped sesame had higher relative crowding coefficient values than the
intercropped turmeric. Negative relative crowding coefficient values for turmeric
were obtained in all intercropping system (Table 6). Intercropping of turmeric 100%
+ 3 lines sesame (100%) in between two turmeric lines had highest relative crowding
coefficient compared to other intercropping system.
Table 5. Competitive ratio (CR) of turmeric and sesame
Treatments

competitive ratio of
turmeric

competitive ratio of
sesame

Difference

T1

2.22

0.45

1.77

T2

1.48

0.67

0.81

T3

1.34

0.75

0.60

T4

1.43

0.70

0.72

T5

-

-

-

T6

-

-

-

T1= Turmeric 100% + 1 line sesame (33%) in between two turmeric lines, T2= Turmeric 100% + 2 lines
sesame (67%) in between two turmeric lines, T3= Turmeric 100% + 3 lines sesame (100%) in between
two turmeric lines, T4= Turmeric 100% + sesame broadcast (100%) in between two turmeric lines, T 5 =
Sole Turmeric and T6= Sole sesame
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Table 6. Aggressivity, crowding coefficient, system productivity index of turmeric
and sesame
Treatments

Aggressivity
Turmeric Sesame

Relative crowding coefficient
Turmeric

Sesame

(Kab)

(Kba)

Relative
crowding
coefficient
(K)

System
productivity
index (SPI)

T1

-0.37

0.37

-7.76

2.69

20.87

27.25

T2

-0.01

0.01

-3.16

8.89

28.09

38.25

T3

0.36

-0.36

-4.12

25.40

104.65

41.09

T4

0.40

-0.40

-4.15

12.20

50.63

40.36

T5

-

-

-

-

-

-

T6

-

-

-

-

-

-

T1= Turmeric 100% + 1 line sesame (33%) in between two turmeric lines, T2= Turmeric 100% + 2 lines
sesame (67%) in between two turmeric lines, T3= Turmeric 100% + 3 lines sesame (100%) in between
two turmeric lines, T4= Turmeric 100% + sesame broadcast (100%) in between two turmeric lines, T 5 =
Sole Turmeric and T6= Sole sesame

The system productivity index (SPI) which standardized the yield of the
secondary crop in terms of the primary crop and also identified the combinations that
utilized the growth resources most effectively and maintained a stable yield
performance (Tajudeen, 2010). The results showed that the turmeric 100% + 3 lines
sesame (100%) in between two turmeric lines intercropping system gave the highest
value (41.09) than the other intercropping system. The values of SPI were higher and
largely determined by turmeric intercrop yields which were not much reduced by
intercropping with sesame.
CONCLUSION
Now a day, farmers are not interested to grow long durated crops. In these
intercropping system farmers could be attracted to cultivate long durated turmeric
crop to getting maximum profit. Beside, majority farmers of Bangladesh have certain
land area which is not enough to meet up the annual food security. This intercrops
cultivation they could be increase their productivity in unit land area. It will be helps
to increase sesame cultivated area where scarcity of oil demand is common
phenomena in our country. It was also revealed that intercropping sesame with
turmeric enhances turmeric growth and development resulted better rhizome yield.
The data indicating that intercropping sesame with turmeric gave maximum
productivity as well as economic returns than sole crop of components crops.
However, for better productivity and economic advantages of turmeric–sesame
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intercrop combinations, a planting pattern comprising of turmeric 100% + 3 lines
sesame (100%) in between two turmeric lines intercropping system should be
adopted to get maximum return.
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ABSTRACT
Two pot culture experiments were carried out in carnation var. redking in
two different seasons to study the interactive effect of Fusarium
oxysporum and Meloidogyne incognita on the growth, yield and changes
in physiological parameters of the plant. Highest reduction of growth and
yield parameters were observed in the plants that received sequential
inoculation of the nematode followed by fungus. Significant reduction in
the nematode population was observed in the sequential inoculation of
the fungus followed by nematodes and combined inoculation of the two
pathogens. Reduced chlorophyll content and increased protein and
sugar content were observed in the plants due to the interaction of
nematode and fungus.
Keywords: Chlorophyll, fungus, interaction, nematode, plant growth,
protein, sugar content, wilt incidence

INTRODUCTION
Carnation (Dianthus caryophyllus L.) is the second most popular flower in the
world next to rose (Mahalakshmi and Raja, 2013). Attractive colors of the flowers
make them to fetch an important position in export industries. Owing to the
increasing demand of the flowers in the market, production of this crop has been
increased in recent years. Potential of the crop in the production of effective flowers
has been declined due to various limitations. It includes several biotic and abiotic
stresses among which infestation of fungus and nematodes are ranked as the
predominant biotic factors involved in reducing the yield of the crop substantially.
*
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Combined infection of nematodes and fungus cause severe quantitative and
qualitative loss to the plants than their individual infection. It is a well known fact
that nematodes predispose the plants to the secondary invasion by the fungal
pathogens and aggravate the disease severity by modification of the plant roots (Mai
and Abawi, 1987). Disease complex of nematodes with other organisms disrupt the
ability of the plants to take up water and other nutrients from soil which reduce the
vigour of the plants and ultimately to death of the plants (Masse et al., 2002).
Infection of these two pathogens causes measurable changes in the physiology of the
host. They reduced photosynthetic rate and inturn increased protein and sugar level in
the plants which serve as nutrient source for the pathogens. Interactive effect of
fungus and nematodes has been documented earlier in various crops like banana
(Jonathan and Gajendran, 1998), chickpea (Maria et al., 1998), crossandra (Mallaiah
et al., 2014) and gerbera (Sankari Meena et al., 2015).
Present investigation has been carried out to study the interactive effect of
Fusarium oxysporum and Meloidogyne incognita in carnation with reference to
different time of inoculation of the two pathogens and the associated physiological
changes taking place due to their infection with reference to chlorophyll content, total
proteins and total sugars.
MATERIALS AND METHODS
Identification of Meloidogyne species associated with carnation
Root knot nematode culture was obtained from the nematode infected carnation
field at Nilgiris District, Tamil Nadu, India. Galled roots of the plants were collected
and washed in tap water to remove the adhering soil particles and the galls were
excised to collect the protruding egg mass under stereo microscope (CETI-STEDDYT 7300.0000, UK). The collected egg masses were placed in distilled water for
hatching. After 24-48 h, the entire eggs were hatched into juveniles and the freshly
hatched juveniles were used for the interaction studies.
Root knot nematode females collected from the roots were processed for
perineal pattern observation to confirm the nematode species associated with the
crop. Matured Meloidogyne females were teased from the root galls and placed on a
glass slide. They were cut at the neck region and body tissues were gently pushed
out. The cuticle was placed in 45 % lactic acid to facilitate further cleaning. The
cuticle was carefully trimmed so that 5-10 times the perineal area (area near to vulva)
was retained. This was transferred to a fresh drop of glycerol and examined under
microscope.
Identification of Fusarium species associated with carnation
Inoculum of Fusarium was obtained from the wilt infected carnation plants
collected at Nilgiris district, Tamil Nadu, India. For the isolation of Fusarium
species, a small section of the infected root (5-6 mm) tissues were cut and placed on
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Potato Dextrose Agar (PDA) medium with an antibacterial agent (Streptomycin
sulfate). The plate was incubated for 2-4 days. Conidial culture prepared from the
specimen was used for the interaction studies.
Fusarium species associated with the crop was identified by the observation of
conidial characters. Sporulated hyphae was scrapped from the PDA medium and
placed over a cavity slide. Few drops of water was added to the slide and mixed well
with the hyphae. The slide was checked under microscope (CETI-STEDDY-T
7300.0000, UK) to observe the conidial characters.
Interaction studies of nematode-fungus in carnation
Tissue culture plants of carnation var. redking were obtained from Florence
and Flora, Bangalore and used for the pot culture studies. Pot culture experiments
were carried out during July to August 2014 and October to November, 2014 in the
green house of Tamil Nadu Agricultural University, Coimbatore, India maintaining
the temperature of 28+2oC.
About 25 days old plants were planted in 5 kg pots filled with sterilized pot
mixture (red soil: sand:FYM-2:1:1). After the establishment of plants in the pots,
nematodes and fungus were inoculated into the pots with the treatment as mentioned
in table 1. Nematodes were inoculated at one J2/g soil and fungus as 50 ml conidial
suspension (1000 conidia/ml) per pot. All the treatments were imposed in the
rhizosphere region of the plants. Each treatment was replicated five times in
completely randomized design.
Experiments were terminated 30 days after inoculation of the treatments and
the plants were observed for their growth and yield characters. Per cent wilt
incidence due to fungus was assessed by counting the number of wilt infected plants
/total number of plants taken for observation. The plant roots were observed for
number of galls present per root system.
Roots were stained for the observation of nematode females and egg mass
present per root system. For staining, roots were washed in tap water to remove the
adhering soil particles and then plunged into warm (80oC) acid fuchsin lactophenol
for 1 to 2 minutes. Excess stains in the roots were removed by washing in water and
the roots were transferred to plain lactophenol (lactic acid 20ml; liquid phenol 20ml;
glycerine 40ml; distilled water 20ml) to clear the plant tissues. After 24 h, the roots
were observed under microscope to count the number of females and egg mass
present in the roots. Nematode population in the soil was processed as per the sieving
method of Cobb and Modified Baermann funnel technique.
Estimation of physiological changes in the plants due to nematode fungus
interaction
Fresh leaves were collected from the plants at the time of termination of the
experiment to observe the quantitative changes in chlorophyll, total proteins and total
sugar contents in the plants due to interaction.
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(i). Estimation of chlorophyll content
About one g fresh leaf tissue of the plants was ground with liquid nitrogen in a
pestle and mortar to fine powder. One ml of 85 % acetone (pH 8) was added and
ground further. The suspension was poured into a 1.5 ml tube and centrifuged at
10,000 rpm for 3 minutes. One ml of supernatant was taken and it was diluted to 3 ml
with 85 % acetone and absorbance was read in a spectrophotometer at 645 and 663
nm for chlorophyll a and b. If absorbance was greater than 1.0, the solution was
further diluted with acetone. The amount of chlorophyll content was expressed as mg
g-1fresh weight.
(ii). Estimation of total protein
About 0.5 g of fresh leaves were immersed in hot 80 % ethanol seperately for 5
minutes and ethanol was removed and the leaf tissue was crushed with 10 ml of 5 %
trichloroacetic acid (TCA) and centrifuged for 5 min. The tissues were washed
separately in 5 ml of absolute ethanol, ethanol-chloroform mixture (3:1, v:v) and
ethanol-ether mixture (3:1 v:v). The washed residues were then incubated in 5 ml of
0.5 N NaOH for 16 h at 37°C. The sediment was removed by centrifuging and
washed with 5 ml of 0.5 N NaOH. The extract and wash were combined and 0.5 N
NaOH was added to make up the volume to 10 ml. Two ml of extract were taken
from it to determine the protein content. Total protein was estimated following the
method of Bradford (1976) and the results were expressed as mg g-1fresh weight.
(iii). Estimation of total soluble sugar
About 0.5 g of fresh leaves were separately homogenized with 10 ml of 80 %
ethanol. After centrifugation at 2000 rpm for 15-20 min, the supernatant was
collected. To this 1ml of alcoholic extract, 1ml of 5% phenol solution was added.
Then 5 ml of 96 % sulphuric acid was added by gentle agitation and then allowed to
stand in a water bath at 25-30°C for 2 min. Optical density (OD) values were
measured at 490 nm and a standard graph was prepared by using known
concentration of glucose. Amount of sugar was expressed in mg g-1.
Statistical analysis
The study was performed over two seasons with the same set of treatments and
replication. Treatment effects were found to be consistent among the two seasons,
thus data collected over the two seasons in the pot culture studies were pooled and
subjected to analysis of variance (ANOVA) according to Gomez and Gomez (1984).
After ANOVA, Fisher’s least significant difference (LSD) tests were performed
(Sokal and Rohlf, 1995).
RESULTS
Identification of Meloidogyne species associated with carnation
Meloidogyne species collected from carnation roots were identified by their
cuticular markings in the perenial area of the matured female (Figure 1a). The
nematode species observed were with high dorsal arch which were flattened at the
top (Figure 1b) which confirmed the nematode as Meloidogyne incognita.
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High, squarish dorsal arch
with flattened top
Vulva
Vulva

a. Stained females

b. Perineal pattern of the root knot nematode female

Figure 1. Root knot nematode species associated with carnation var. red king
Identification of Fusarium species associated with carnation
Fusarium species was identified based on the morphological characters. The
microscopic study revealed small, oval shaped, single or bicelled microconidia.
Hyaline, multicelled macroconidia with 3 septation which were sickle shaped with
knotched base at one end which revealed the species as F. oxysporum (Figure 2).

Microconidia

Macroconidia

Chlamydospores

Figure 2. Fusarium species associated with carnation var. red king
Effect of interaction on growth and yield parameters of carnation
Nematode and fungus infestation decreased the growth and yield parameters of
the plant compared to uninoculated control. Among different treatments, inoculation
of nematodes 15 days prior to fungus recorded the least growth parameters of the
plant (shoot length: 56.23cm; root length: 14.73 cm; shoot weight: 28.93 g and root
weight: 2.10 g) followed by the combined application of nematode and fungus.
Highest growth parameters were observed in uninoculated control plants (shoot
length: 82.73 cm; root length: 40.40 cm; shoot weight: 37.70 g and root weight:
6.10g). Regarding flower yield, significant reduction in the number of flowers (0.50)
with reduced stalk length (56.25 cm) and flower diameter (5.40 cm) were observed in
the plants that received inoculation of nematodes 15 days prior to fungus while the
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above parameters were found to be highest in the uninoculated control plants which
recorded 1.50 flowers, with increased stalk length (67.75 cm) and flower diameter
(7.18 cm) (Table 1).
Table 1. Effect of M. incognita and F. oxysporum interaction on growth and yield of
carnation var. red king*
Growth parameters
Shoot

Root

Treatments

Yield parameters
Stalk
length
(cm)

Flower
No. of
diameter flowers/pl
(cm)
ant

length
(cm)

weight
(g)

length
(cm)

weight
(g)

Nematode alone (N)

72.93

30.75

34.88

5.60

60.00

5.88

1.00

Fungus alone (F)

74.45

31.13

36.58

5.66

60.25

6.00

1.00

Concomitant
inoculation of
nematode and fungus
(N+F)

64.58

28.73

18.70

2.50

59.25

5.65

0.75

N 15 days prior to F
inoculation

56.23

28.93

14.73

2.10

56.25

5.40

0.50

F 15 days prior to N
inoculation

67.20

30.50

28.10

5.50

59.75

5.80

0.75

Uninoculated control

82.73

37.30

40.40

6.10

67.75

7.18

1.50

SEd

1.20

3.14

0.65

0.36

1.12

0.13

0.31

CD (0.05)

2.54

6.60

1.37

0.76

2.36

0.27

0.65

*Pooled data of two pot culture experiments conducted during July to August 2014 and October to
November, 2014

Effect of interaction on nematode population and fungus colonies in carnation
Highest nematode population in the soil (375/250 cc soil) and root (76
females/g root) with maximum gall index (5) was observed in the plants that received
nematode treatment alone. Similarly, wilt incidence of 73 % was observed in roots
that received fungus treatment alone. Plants that received inoculation of nematodes
15 days prior to fungus recorded maximum wilt incidence due to fungus (92.75) with
the nematode population of 320/250 cc soil and 73.75 females/ g root. Sequential
inoculation of nematodes followed by fungus and combined application of the two
pathogens suppressed the nematode population in the roots significantly over other
treatments by preventing the entry of the nematodes into the roots due to the
formation of mycelia mat around the roots (Table 2).
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Table 2. Effect of M. incognita and F. oxysporum interaction on nematode
population and per cent wilt incidence in carnation var. red king*
Nematode population
Root population
Treatments

Soil population

Per cent wilt
incidence

No. of
females/g
root

No. of egg
mass/
g root

Gall index
(0-5 scale)

No. of
juveniles/
250 cc soil

Nematode alone (N)

76.00
(9.05)

63.75
(8.06)

5.00
(2.23)

375.00
(19.10)

4.75
(14.17)

Fungus alone (F)

0.00
(0.70)

0.00
(0.70)

0.00
(0.70)

0.00
(0.70)

73.00
(59.34)

Concomitant inoculation of
nematode and fungus (N+F)

72.25
(8.60)

52.00
(7.48)

3.00
(1.73)

280.00
(16.76)

77.75
(64.89)

N 15 days prior to F
inoculation

73.75
(8.83)

63.50
(7.87)

4.50
(2.00)

320.00
(17.97)

92.75
(73.57)

F 15 days prior to N inoculation

63.75
(8.06)

52.00
(7.14)

2.75
(1.41)

250.00
(16.27)

72.75
(57.41)

Uninoculated control

0.00
(0.70)

0.00
(0.70)

0.00
(0.70)

0.00
(0.70)

0.00
(2.86)

SEd

1.44

1.54

0.25

3.89

1.57

CD (0.05)

3.03

3.24

0.52

8.19

3.30

*Pooled data of two pot culture experiments conducted during July to August 2014 and October to
November, 2014
Gall index: 1=No galls; 2=1-25 % galls; 3=26-50% galls; 4=51-75 % galls; 5=76 -100 % galls per root
system. Figures in parenthesis are square root of x+0.5 transformed values for nematode population and
arcsine transformed values for wilt incidence

Effect of interaction on the physiological changes in the plant
Nematode and fungus infection significantly reduced chlorophyll a, b, total
chlorophyll and protein content in the plant leaves. Among different treatments,
significant reduction in the chlorophyll a (0.382 mg g-1), b (0.234 mg g-1) and total
chlorophyll (0.616 mg g-1) contents were observed when nematodes were inoculated
15 days prior to fungus while uninoculated control plants recorded the highest
chlorophyll a (0.784 mg g-1), b (0.506 mg g-1) and total chlorophyll (1.291 mg g-1)
contents. Increased level of proteins and soluble sugars were recorded due to the
interaction of the two pathogens in the plants. Significant increase in protein contents
(5.328 mg g-1) were observed when nematodes were inoculated 15 days prior to
fungus followed by the concomitant inoculation of the two pathogens (4.970 mg g-1)
while untreated control recorded the protein content of 4.603 mg g-1. Plants that
received nematode inoculation 15 days prior to the fungus recorded increased level of
soluble sugars in the plants which accounted for 2.243 mg g-1while untreated control

66

K. Sankari Meena et al.

recorded the sugar level of 1.850 mg g-1 (Table 3).
Table 3. Effect of M. incognita and F. oxysporum interaction on the physiological
changes in the plants
Chlorophyll content (mg/g)
Treatments

Protein
(mg/g)

Total

Total
sugars
(mg/g)

a

b

Nematode alone (N)

0.514

0.464

0.978

4.748

1.868

Fungus alone (F)

0.511

0.438

0.949

4.865

1.968

Concomitant inoculation of nematode
0.484
and fungus (N+F)

0.373

0.857

4.970

2.175

N 15 days prior to F inoculation

0.382

0.234

0.616

5.328

2.243

F 15 days prior to N inoculation

0.496

0.391

0.887

4.955

2.128

Uninoculated control

0.784

0.506

1.291

4.603

1.850

CD (0.05)

0.011

0.006

0.013

0.0478 0.0580

*Pooled data of two pot culture experiments conducted during July to August 2014
and October to November 2014
DISCUSSION
Combined or sequential infection of nematode and fungus cause synergistic
effect in crop plants than their individual infection. Though this phenomenon is
common in almost all the crops, only few reports were evidenced for the study.
Infection of nematodes modifies the host root physiology and facilitates the extensive
damage by the fungus (Maria et al., 1998). Earlier reports of Jonathan et al. (1996),
Senthamarai et al. (2008); Mallaiah et al. (2014), Sharf et al. (2014) and Meena et al.
(2015) confirmed the synergistic effect of nematode-fungus interaction where they
reported substantial reduction in growth and yield of the plants due to the interaction
of nematodes and fungi which were fall in line with the present investigation.
Significant reduction in nematode population in the soil and root was observed
in the sequential inoculation of fungus followed by nematodes and concomitant
inoculation of the two pathogens. Infection of fungi in the plants reduced nematode
population which might be due to the formation of mycelial mat over the roots which
create unfavorable condition for the nematodes to enter into the roots and ultimately
cause sex reversal in nematodes. i.e. female nematodes were converted into males
during the unfavorable environmental condition and the male nematodes thus formed
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leave the root without feeding which creates reduction in the final nematode
population in the roots. Report of Nagesh et al. (2006) supported the finding where
they observed reduced gall index of M. incognita in tomato in the combined
inoculation of nematodes and the fungal pathogens viz., Fusarium oxysporum,
Paecilomyces lilacinus, Trichoderma harzianum and neem cake.
Modification in the physiological parameters of the plants has been noticed due
to the nematode fungus interaction in the plants. Disruption of vascular tissues upon
the infection of nematodes reduces the transportation of water and nutrients to the
foliar systems which reduces the photosynthetic rates in the plants. Sequential
inoculation of nematodes prior to the fungus subsequently reduced the chlorophyll
level in the plants. Reports of Sharf et al. (2014) evidenced that sequential
inoculation of M. incognita followed by the fungus, Pochonia chlamydosporia
significantly reduced the chlorophyll content in Phaseolus vulgaris.
Increased protein and sugar content in bittergourd due to the infection of M.
incognita was recorded by Gautam and Poddar (2014). Increased sugar level was
observed on 30 days after inoculation of nematodes in the feeding cells of nematodes
which coincides with the gall formation by the root knot nematodes. This confirmed
supplementation of sugar for the growth of nematodes (Cabello et al., 2013).
Increased level of proteins and sugars in the nematode infected plants might be due to
high metabolic activity in the nematode infected tissues (Hoffmann et al., 2008;
Nayak and Mohanty, 2010). Similar results have been recorded by Abbasi et al.
(2008) in Okra and Brinjal. Thus sugar and proteins proved to play a major role in the
pathogenecity of the nematodes.
Increased nutrient contents (amino acids, proteins and lipids) were observed in
the parenchyma cells adjacent to the nematode feeding site. Root knot nematode
maintain these cells in a perpetuate juvenile state with repeated nuclear division
without cytoplasmic division (Huang and Maggenti, 1969). This state of parenchyma
cells in the nematode infected plants aid in the successful penetration and
establishment of Fusarium in the xylem vessels (Owens and Specht, 1966). Thus,
nutrient enriched nematode infected cells were found to increase the growth of
Fusarium hyphae than non infected roots.
Metabolically active plant cells were observed about four weeks after
nematode infection which contain more concentration of photosynthate elements and
increase the predisposing capacity of the nematodes to fungus. This results in the
synergistic interaction between the two pathogens and increase the wilt severity in
the plants.
The above reports clearly indicate that presence of nematodes increase the
entry, infection and wilt severity of the fungus in the plant cells. Interaction of the
two pathogens even modifies the composition of biochemical components in the
plants to favour the growth and development of the pathogens.
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CONCLUSION
The above investigations clearly explain the relation between nematode and
fungus and their role in causing the disease in carnation. The above study reported
that the nematode, M. incognita acts as predisposing agent for the infestation of
F.oxysporum and their combined infestation reduced the growth and yield parameters
of the plant and significantly modified the biochemical components in the plant.
Hence, nematode-fungus interaction should be given emphasis while formulating the
management strategies for the effective management of the two pathogens.
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CROP PRODUCTIVITY AND NUTRIENT UPTAKE OF
FENUGREEK (Trigonella foenum-graecum L.) AS
INFLUENCED BY INTEGRATED NUTRIENT
MANAGEMENT
M. Shamsun Naher*, A. H. F. Fahim and M. A. Wadud
Spices Research Centre, BARI, Shibgonj, Bogra, Bangladesh

ABSTRACT
A field experiment was carried out at Spices Research Centre, Shibgonj,
Bogra during two consecutive years, 2013-2014 and 2014-2015 to
evaluate the response of integrated nutrient management on nutrient
uptake, protein content and seed yield of fenugreek (Trigonella foenumgraecum L.) var. BARI Fenugreek-2. The field experiment was
conducted in combination with inorganic fertilizer and organic manure.
The result showed that the treatment T 7 compeises application of PM @
-1
-1
4 t ha + CF (IPNS) produced the maximum seed yield (2.1 t ha ) but
-1
statistically identical to T 8 (VC @ 3 t ha + CF (IPNS) and T6 (CD 5 @
-1
ha + CF (IPNS). In case of stover yield, the treatment T7 produced the
-1
highest yield (4.89 t ha ). The grain yield was increased over control and
ranged between 65.85 to 156.10 %.The treatments T 7 and T8 resulted in
higher nutrient use efficiency along with higher N, P, K and S uptake by
the plant. The application of inorganic fertilizer along with manure
influenced the nutrient concentration in fenugreek seed and stover yield.
The higher seed with N, P, K and S concentrations were observed in the
-1
treatments where poultry manure @ 4 t ha applied in combination with
chemical fertilizers. The combined application of fertilizer and organic
manure increased the organic carbon (OC %), organic matter (OM %),
total N, available P and available S in post harvest soils. The findings
indicate that the integrated use of inorganic fertilizer and organic manure
should be encouraged to improvement the deteriorating soil fertility and
increased crop yield of fenugreek.
Keywords: Crop
productivity,
fenugreek,
management, soil fertility, spice
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INTRODUCTION
Fenugreek (Trigonella foenum-graecum L.) locally known as „methi‟
belonging to the family- Leguminosae and Sub family-Papilionacea is widely used as
spice and condiment to add flavor in various foods (Dwivedi et al., 2006) . Fenugreek
is generally cultivated as leafy vegetable, condiment and medicinal purpose. Its fresh
and tender leaves are contains iron, calcium, protein, vitamins and essential amino
acids. It has a high medicinal value as it prevents constipation, removes indigestion,
stimulates spleen and liver and is appetizing and diuretic (Kumar et al., 1997).
Fenugreek roots are act as supply of nitrogen for plant as a result enriches the soil
with nitrogen. Application of organic manure in addition with inorganic fertilizer has
been found to be quite promising not only in maintaining higher productivity but also
in providing t stability in crop production (Nambiar et al., 1989). Vermicompost
when integrated with reduced doses of inorganic fertilizers result in improved soil
fertility, growth and yield of plant (Subbian, and Palaniappan, 1992). Poultry manure
treatments along the lower level of NPK produced higher values for plant height, leaf
area index and biomass of corn and crop grain yield (Boateng et al., 2006).
Integration of poultry manure with synthetic chemical fertilizers can enhance the
efficiency of nutrients uptake and availability to crop plant (Warren et al., 2006).
Chemical fertilizers have deleterious effect on soil fertility, while integration of
chemical fertilizers with organic manures and bio-fertilizers would be able to
maintain soil fertility and sustain crop productivity (Jeyabal et al., 2000). The use of
organic fertilizer in combination with inorganic fertilizers has been recommended for
balancing soil fertility by several workers. In the context, the present study was
carried out to find out the response of integrated nutrient management on nutrient
uptake, protein content and seed yield of fenugreek (Trigonella foenum-graecum L.).
MATERIALS AND METHODS
Experiments were carried out at the research field of Spices Research Centre,
Shibgonj, Bogra during rabi season, for two consecutive years, 2013-2014 and 20142015. The soil belongs to the AEZ-3 of Tista Karatoa Flood Plain. The soil was silt
loam having pH 5.9. The initaial soil sample showed that PKSBMgZn deficiene
(Table 1) whereas poultry manure have high amount of NPKS (%) than Vermicompost and Cow-dung (Table 2). There were 8 treatment combinations. A blanket
dose of 10kg S, 2 kg B and 4 kg Zn were used. The amount of N, P and K was
calculated by omitting the amount which was supplemented by organic manure. The
treatment combinations are shown in table 4 .The field experiment was laid out in a
randomized complete block design with three replications. The unit plot size was 3m
x 2m. BARI Fenugreek-2 was used in this trial. The entire quantity of organic
manure applied at 2 weeks before transplanting. All chemical fertilizer and 1/3rd of
urea applied during final land preparation. Rest of urea applied in two equal splits at
20 and 40 days after sowing (DAS). The crop was sown on 24 November 2013 and
17 November 2014, respectively maintaining 40cm * 10cm spacing. The rest N was
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applied in two equal splits at 25 and 50 days after sowing (DAS). Two weeding were
done at 30 and 45 DAS. Three irrigations were applied at 30, 60 and 85 DAS.
Thinning was done at 15 DAE to maintain optimum plant populations. To control
leaf spot and leaf blight disease, the crop was sprayed with “Amister Top”
(Azoxystrobin + Difenoconazole) @ 1ml l-1 of water. Three sprays were applied at 10
days interval, just after the disease symptoms was initiated. The crop was harvested
on 12 March 2014 and 8 March 2015, respectively. Data on seed yield and stover
yields were recorded at harvesting time. Pre and post harvest soils were also collected
from the experimental field.
Table 1. Analytical data of initial soil of experimental site
pH

Texture

OM
%

Ca

Mg

K

Total N

(meq /100g soil)

P

S

%

B

Zn

Cu

(ug/g soil)

Sandy loam

5.9

1.12

2.8

0.91 0.28

0.071

28

18 0.11

1.13

0.07

Critical level

-

-

2.0

0.8

-

14

14 0.2

2.0

0.2

0.20

Table 2. Nutrient status of organic manure used in the experiment
Organic Sources

Nutrient content
N (%)

P (%)

K (%)

S (%)

Cowdung

0.90

0.7

0.75

0.35

Poultry manure

1.90

1.6

1.65

1.55

Vermicompost

1.25

1.28

1.45

1.02

Nutrient analysis of plant
The plant sample (seed and stover) of fenugreek were collected from each plot
and were dried for 48 hrs in hot air oven at 65 ± 5°C. These dried samples were
partitioned into seed and stover. Finally ground samples were passed through 0.5 mm
mesh sieve and were used for chemical determination of nitrogen, phosphorus and
potassium concentration as described by Nitrogen concentration (Modified microkjeldahl method), Phosphorus concentration
(Wet digestion molybdo phosphoric acid method), Potassium concentration
(Flame emission spectrophotometer method) by Jackson, 1973
Uptake of NPK: The total respective nutrient uptake by fenugreek from each
treatment was calculated as follows:
i. Nitrogen uptake (kg ha-1)
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N content in seed (%) * seed yield (kg ha-1) + N content in stover (%) * stover yield (kg ha-1)
100
-1

ii. Phosphorus uptake (kg ha )
=

P content in seed (%) * seed yield (kg ha-1) + P content in stover (%) * stover yield (kg ha-1)
100
-1

iii. Potassium uptake (kg ha )
=

K content in seed (%) * seed yield (kg ha-1) + K content in stover (%) * stover yield (kg ha-1)
100

Protein content in seed
The protein content in seed was calculated by multiplying the nitrogen content of
seed by 6.25. Protein yield was obtained by using the following formula:
iv. Protein yield (kg ha-1) =

Protein content (%) * seed yield (kg ha-1)
100

Statistical analysis
The recorded data on different parameters were statistically analyzed by using
MSTAT software and the difference between the treatment means were judged by
Duncan‟s Multiple Range Test (DMRT) according to Gomez and Gomez, (1984).
RESULTS AND DISCUSSION
The pooled analysis was done because there was no significant differences in
yield and nutrient content in both the years.
Yield and yield attributes
The yield attributes of fenugreek were profoundly influenced due to combined
use of organic and inorganic sources and indicated significant difference with respect
to pod length, pods plant-1and test weight. Application of 4 t ha-1 PM + CF (IPNS)
recorded highest pod length (14.2cm), pods plant-1 (142.2) and test weight (13.7 g). It
was closely followed by application of 5 t ha-1 CD + CF (IPNS) and 3 t ha-1VC + CF
(IPNS). Number of seeds per pod was not significant among the treatments. The
result showed that the significant increase in seed yield was recorded due to use of
integrated nutrient management. The maximum seed (2.10 t ha-1) yield was found
with the application of poultry manure (4 t ha-1) along with chemical fertilizer (T7)
but statistically at par to T8 and T6 (Table 4). The application of nutrients through
various source and their integrations significantly influenced the seed and stover
yield over control. The lower amount of organic manure and only chemical fertilizer
showed lower significantly lower seed yield than higher amount of organic manure.
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Table 3. Effect of Integrated nutrient management on yield and yield contributing
characters of fenugreek (pooled of 2 years)
Treatment

Plant
height
(cm)

No. of
branch
es
plant-1

No. of
pods
plant-1

T1 =Absolute control

56.2d

4.2c

66.2e

T2 = CF on the basis of STB

94.6ab

10.2ab

101.2c

10.7ab 12.18 12.30abc 1.88bc 4.32bc

T3 = CD @ 3t ha +CF
(IPNS)

83.1bc

7.1bc

95.6cd

8.05bc 12.05

11.30cd

1.36de 3.13d

T4 = PM @ 2 t ha-1+CF
(IPNS)

85.6bc

8.2bc

95.1cd

9.0ab 12.38

11.45c

1.42d

T5 = VC @ 1 t ha-1+CF
(IPNS)

72.2c

6.9bc

86.5d

9.25ab 12.25

11.35cd

1.37de 3.18d

T6=CD @ 5 t ha-1 +CF
(IPNS)

92.2abc 10.5ab

138.8a

14.0a 12.88

12.70ab

1.90ab 4.39bc

T7=PM @ 4 t ha-1 +CF
(IPNS)

101.6a

15.6a

142.2a

14.2a 13.55

13.02a

2.10a

T8=VC @ 3 t ha-1 +CF
(IPNS)

97.5ab

13ab

132.0ab

13.5a 12.93

12.80ab

1.95ab 4.56b

2.67

0.79

1.2

Length No. of
Seed Stover
Test
of pod seeds
yield yield
weight (g)
(cm) pod-1
(tha-1) (tha-1)
7.1c

11.88

9.40e

0.82f

1.95f

-1

LSD (0.05)

0.18

0.25

0.36

0.4

3.27d

4.89a

0.6

Means having same letter(s) do not differ significantly at 5% level of probability

Nutrient content and uptake
Integrated application of nutrients significantly increased the N, P and K
content in seed and stover (Table 4 ) and their uptake as well as protein content in
seed by application of nutrients through various sources of organic and inorganic
fertilizer (Table 5). The nutrient uptake was significantly higher with the application
of PM @ 4 t ha-1+ CF (IPNS) to the tune of 75kg N ha-1, 11.52 kg P ha-1 and 43.11 kg
K ha-1 over control (Table 5 & 6). Single application of chemical fertilizer and lower
amount of organic manure also showed lower concentration of NPK. Organic manure
(vermicompost and cow-dung) failed to show higher conc. of NPK than poultry
manure. Decomposition of organic manures is accompanied by the release of
appreciable quantities of CO2, which get dissolved in water to form carbonic acid.
Carbonic acid is capable of decomposition of certain primary minerals and release of
nutrients and favors higher biomass production and nutrient uptake (Dahama, 2003).
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Table 4. Effect of integrated nutrient management on nitrogen and phosphorus
uptake of fenugreek (pooled of 2 years)
Treatment

Seed

Stover

Total N
uptake (kg
ha-1)

T1 =Absolute control

2.45b

0.75c

37.72e

0.291d

0.092b

4.18f

T2 = CF on the basis of STB

3.40a

0.82a

99.34bc

0.409b

0.102ab

12.10bc

T3 = CD @ 3 t ha +CF (IPNS)

3.26ab

0.66b

64.99cd

0.360bc

0.105ab

8.18de

T4 = PM @ 2 t ha-1+CF (IPNS)

3.27ab

0.67b

68.34cd

0.375bc

0.107ab

8.82d

T5 = VC @ 1 t ha-1+CF (IPNS)

3.26ab

0.67b

65.97cd

0.369bc

0.108ab

8.49de

T6=CD @ 5 t ha-1+CF (IPNS)

3.34a

0.81a

99.02bc

0.436ab

0.110ab

13.11bc

T7=PM @ 4 t ha-1+CF (IPNS)

-1

N content (%)

P content (%)
Seed

Stover

Total P
uptake (kg
ha-1)

3.43a

0.84a

113.12a

0.488a

0.117a

15.97a

-1

3.37a

0.82a

103.12b

0.475a

0.106ab

14.10b

LSD (0.05)

0.37

0.8

3.45

0.004

0.004

1.45

T8=VC @ 3 t ha +CF (IPNS)

Means having same letter(s) do not differ significantly at 5% level of probability.

It is an established fact that nutrient uptake by the crop depends mainly on the
dry matter accumulation followed by the nutrient content at cellular level. The
increased total dry matter production and nutrient content in plants seems to be the
major causes responsible for the higher N and P uptake under the influence of
integrated nutrient management. The increased protein content in seed is directly
correlated with N content in seed. The increased N content in seed resulted into
higher protein content due to integrated nutrient management. The present trend of
increased N, P and K contents in seed and stover, their uptake and higher protein
content in seed under the influence of integrated nutrient management as reported by
Khiriya et al. (2003).
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Table 5. Effect of integrated nutrient management on potassium uptake and quality
parameters of fenugreek (pooled of 2 years)
Treatment

K content (%)

Total K uptake
(kg ha-1)

Seed protein
content (%)

Protein
yield
(kg ha-1)

Seed

Stover

T1 =Absolute control

0.672d

0.885ab

22.77d

15.31b

125.54c

T2 = CF on the basis of STB

0.906ab

0.918ab

56.69bc

21.25a

399.50a

T3 = CD @ 3 t ha +CF (IPNS)

0.867bc

0.923ab

40.68cd

20.38ab

277.17b

T4 = PM @ 2 t ha-1+CF (IPNS)

0.868bc

0.925ab

42.57cd

20.44ab

290.25b

T5 = VC @ 1 t ha +CF (IPNS)

0.866bc

0.926ab

41.31cd

20.38ab

279.21b

T7=CD @ 5 t ha-1+CF (IPNS)

0.908ab

0.915ab

57.42bc

20.88a

396.72a

T7=PM @ 4 t ha +CF (IPNS)

0.918a

0.953a

65.88a

21.44a

450.24a

T8=VC @ 3 t ha-1+CF (IPNS)

0.915a

0.951a

61.21b

21.06a

410.67a

0.003

0.006

4.56

0.35

7.67

-1

-1

-1

LSD (0.05)

Means having same letter(s) do not differ significantly at 5% level of probability.

Application of poultry manure 4 t ha-1 along with chemical fertilizer resulted
higher protein content but statistically identical to T8 & T6 treatment than all other
treatments (Table 5). Nitrogen alone or in combination with organic fertilizer
increased protein content due to nitrogen. Nitrogen is a basic constituent of protein.
Organic fertilizer increased nitrogen availability, which resulted in higher protein
content in seed. The results are in conformity with Nagre (1991).
Organic carbon and Soil fertility
The organic carbon and soil fertility (available N, P and K) in fenugreek was
markedly improved due to integrated application of nutrient management of organic
and inorganic sources over control (Table 6). Integrated application of poultry
manure (PM), vermicompost (VC) and cowdung (CD) along with chemical fertilizer
resulted in improvement in organic carbon content of the soil over the initial content.
Similarly, available N, P and K status of soil was noticed in the same trend. Slightly
higher total N (0.095%), available P (18.04 ppm) and exchangeable K (18.28 meq
%) was recorded in T7= PM @ 4 t ha-1+ CF (IPNS) which might be due to higher N,
P and K content in the poultry manure in comparison to other organic source. The
higher organic carbon content by PM application could be attributed to the soil
improvement. Organic manures on decomposition solubilize insoluble P fractions
through release of various organic acids and increase the available P status of soil. It
also forms chelates with essential plant nutrients and their fixation which favor
availability of nutrient to crop (Parihar and Rana, 2010). The higher P content of PM
in comparison to other organic source might have resulted in the higher available P
content of the soil. The improvement in soil fertility after crop harvest due to
integrated nutrient management was also recorded by Parihar et al. (2009).
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Table 6. Influence of integrated nutrient management on post harvest soil nutrient
status
Treatment

Soil nutrient status
Organic C (%) Total N % Available P (ppm)

Exchangeable K
(me%)

T1 =Absolute control

0.17c

0.065a

16.95c

11.02c

T2 = CF on the basis of STB

0.18bc

0.093a

17.86a

17.98ab

T3 = CD @ 3 t ha-1+ CF (IPNS)

0.20ab

0.088a

17.20bc

16.42b

T4 = PM @ 2 t ha + CF (IPNS)

0.21ab

0.089a

17.42bc

16.45b

T5 = VC @ 1 t ha-1+ CF (IPNS)

0.20ab

0.088a

17.37ab

16.44b

T6=CD @ 5 t ha + CF (IPNS)

0.24a

0.092a

17.95a

18.06a

T7=PM @ 4 t ha-1+ CF (IPNS)

0.25a

0.095a

18.04a

18.28a

T8=VC @ 3 t ha-1+ CF (IPNS)

0.25a

0.090a

17.98a

18.12a

0.003

0.003

1.77

2.37

-1

-1

LSD (0.05)

Means having same letter(s) do not differ significantly at 5% level of probability.

CONCLUSION
On the basis of experimental results, it is clearly observed that integrated
application of nutrients significantly increased the seed yield, nutrient and protein
content in seed and stover by application of nutrients through various sources.
Application of poultry manure @ 4 t ha-1 + CF through IPNS) appeared as the best
combination for maximizing the yield of fenugreek as well as soil improvement of
Tista Karatoa flood Plain under AEZ-3. Organic manure (VC & CD) with chemical
fertilizer (IPNS) may be alternative source of improvement of soil health as well as
yield of fenugreek.
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GENETIC DIVERGENCE AMONG 22 STRAWBERRY
(Fragaria x Ananassa Duch.) GENOTYPES FOR BIOACTIVE
COMPOUNDS GROWN IN NORTH WEST HIMALAYAS
S. Lal* and D. B. Singh
Division of Crop Improvement, Central Institute of Temperate Horticulture,
Srinagar (J&K)-190007, India

ABSTRACT
To analyze genetic divergence 22 strawberry genotypes (Fragaria x
ananassa Duch.) were studied for six bioactive compounds traits at
Central Institute of Temperate Horticulture (CITH), Srinagar, India. The
maximum PCV and GCV were estimated for the total phenol content
(23.78 and 23.87) followed by vitamin C (22.39 and 22.48). The
heritability was highest for total phenols (99.61%) and DDPH (99.18).
Genotypic correlation was of higher magnitude to the corresponding
phenotypic ones. Titrable acidity exhibited highly negative association
with vitamin C whereas total phenol content was showed significantly
negative correlation with vitamin C but positive association with titrable
acidity and total anthocyanin contents. DPPH and vitamin C negatively
correlated, however DPPH exhibited highly positive and significant
association with titrable acidity, total anthocyanin and total phenol
contents. In path analysis, highest positive direct effect was exhibited by
total phenol content (0.937) the highest negative direct effect by total
flavonols (-0.055). The selection based on higher total phenols, titrable
acidity and total anthocyanin contents will be beneficial for enhancing the
total antioxidant potential attributes of strawberry germplam for
commercial utilization and processing. The information also could be
utilized to increase the nutritional value of different foods and diets in the
prevention of chronic human diseases using strawberry genotypes
having higher bioactive compounds.
Keywords: Strawberry, genetic divergence,
variability, heritability, path analysis
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INTRODUCTION
Strawberries belong to the genus Fragaria that consists of several diverse
species of varying ploidy levels with a wide geographic distribution among species
(Hancock, 1999). It is one of the most preferred and excellent berry fruit for its sweet
flavor and attraction. There are more than 20 species and 600 strawberry cultivars in
the world differing in flavor, size and texture (Lal et al., 2015; Anon, 2013). Its fruits
are very nutritious, good as dietary source of fiber and bioactive compounds. Berry
fruits contain different antioxidant bioactive compounds and the polyphenolic
contents among different cultivars vary significantly. In particular phenolic
composition seems to strongly influence fruit quality by contributing to sensorialorganoleptic qualities and nutritional values (Deighton et al., 2000). Due to rise in
health consciousness among the consumers about intake of health promoting
substances, the demand of antioxidant rich fruits increased significantly worldwide.
Furthermore, recent scientific evidences pointed out the importance of health
promoting compounds in strawberries in relation to their high level of antioxidants
including vitamin C and phenolic compounds (Tulipani et al., 2008). The antioxidant
and health promoting potential were studied by many researchers in strawberry
(Zhang et al., 2008). Several evidences suggested the antioxidant activity of
polyphenols from a variety of plant sources and their primary role in cell damage
prevention related to the exposition to high level of reactive oxygen species
(Proteggente et al., 2002) Many fruits particularly strawberry and cane fruits are rich
source of phenolics, vitamin and minerals (Hoppula and Karhu, 2006). Correlation in
conjunction with path analysis helps in identifying suitable selection criteria for
improving bioactive compounds through breeding and for future crop improvement
programmed. Detailed information on antioxidant properties of these cultivars with
desired genetic architecture rich in nutraceutical content will serve as a reference
material to develop nutraceutical rich strawberry. Generation of such information will
benefit breeders, processors and general consumer. Genetic divergence studies of
strawberry germpalsm on the basis morpho- physico-chemical attributes have been
done earlier by several workers. But information on variability among strawberry
genotypes for bioactive compounds under Indian temperate conditions are scanty.
Hence, the present investigation was undertaken to assess genetic divergence among
the 22 strawberry genotypes for six different bioactive compounds, their correlation
with each other and their direct and indirect contribution to total antioxidant
potential.
MATERIALS AND METHODS
The present study was carried out at the research farm of Central Institute of
Temperate Horticulture (CITH), Srinagar, Jammu and Kashmir, India. The
experimental farm is situated at 34° 05 N latitude and 74° 50 E longitudes at an
altitude of 1640 m above the mean sea level. The 22 strawberry genotypes viz.
Katrain Sweet, Dilpasnd, Red Cross, Larson, Camma Rosa, Elstar, Athena, EC-
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102642, Fiona, Banglora, Douglus, Senga Sangne, Majestic, Phenomenal, EC-22355,
Shasta, Black More, Heera, Chandlar, Brihgton, Howard and Missionary were used
for the study. A complete randomized block design (CRBD) replicated three times
and average data of two years were analyzed as per the method suggested by (Gomez
and Gomez, 1994). Each experimental plot was 4.5 m2 apart. The distance between
strawberry transplants was 25 cm and between rows was 17 cm. The planting dates
were on 15 October 2010 and 2011. Recommended production practices were
followed for raising healthy crop. Fruits were harvested at commercial ripened during
first fortnight of May, 2011-12 from randomly selected plants to represent the
population of the plantation. The average maximum temperature 19.63°C, minimum
6.52 °C, rainfall 160.72 cm and relative humidity 58.35 %, evaporation 2.45/day
and soil characteristics viz. pH= 6.81, EC = 0.36 ds m-1 were recorded during both
growing seasons. Randomly collected fruits of strawberry were brought to labs and
squeezed manually under ice, filtered with a sieve and centrifuged for 5 min at 500 g.
The phenol content was measured by the Folin- Ciocalteau reagent (Aaby et al.,
2005) using gallic acid as standard. Total antioxidant potential measures in terms of
DPPH (2, 2-diphenyl-1-picrylhydrazyl) was determined according to the method
used by Yen and Chen (1995) with some modifications. A 1mL aliquot of strawberry
juice was diluted 200 times and then 3 mL of ethanol (96%) and 1 mL of DPPH
(0.012 g DPPH·100 mL) were added. The mixture was shaken and left at room
temperature for 10 min; the absorbance was measured spectrophotometrically at 517
nm and reported as mg ascorbic acid equivalent (AAE)·100 g fresh weight. The total
flavonoids content was determined using a colorimetric method (Kim et al., 2003).
Ascorbic acid contents of fresh fruit were determined spectrophotometrically by
metaphosphoric acid extraction of 2,6-dichlorophenol indophenol dye (Robinson et
al., 1945). Titrable acidity was determined by using method given in (AOAC, 1994).
Anthocyanins were determined according to (Shin et al., 2008) with some
modifications. Total anthocyanins content was calculated using the extinction
coefficient (ε) equal to 3.6 x 106 mol-1 m-1. Total anthocyanin content was expressed
as mg cyanidin-3-hydrochloride equivalent kg-1FW. Data were subjected to analysis
of variance (ANOVA) as per Gomez and Gomez (1994). The genotypic and
phenotypic coefficients of variation were calculated using the formulae of Burton and
De Vane (1953). Heritability and genetic advance were calculated according to
Allard (1960) and genetic gain was estimated using the method of Johanson et al.
(1955). Genotypic and phenotypic correlations were calculated as per Al-Jibouri et al.
(1958) using an ANOVA and covariance matrix in which total variability was split
into replications, genotypes, and errors. The genotypic and phenotypic correlation
coefficients were used to determine direct and indirect contribution toward yield per
plot. The direct and indirect paths were obtained according to the method of Dewey
and Lu (1959).
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RESULTS
The extent of variability in respect of range, mean, phenotypic & genotypic
coefficients of variation, heritability and genetic advance is given in table 1.
Maximum variability recorded in total phenol content ranged from 372.45- 914.29
followed by total antioxidant potential (DPPH) 199.38-481.12, vitamin-C 50.4091.27, total flavonols 31.07-56.56, total anthocyanine 28.01- 44.35 and least in
titrable acidity 0.727- 1.46. Phenotypic coefficient of variation was recorded higher
than genotypic coefficient of variation for all the characters studied. Maximum PCV
and GCV estimated for the total phenol content (23.78 and 23.87) followed by total
antioxidant potential (22.48, 22.39), titrable acidity (18.55, 18.43), vitamin-C (15.73,
15.61), total flavonols (13.88, 13.69) and total anthocyanin contents (12.74, 12.56).
The heritability was highest for total phenols (99.61%) followed by DDPH (99.18%),
titrable acidity (98.67), vitamin-C (98.30), total flavonols (97.12) and least in total
anthocyanin (97.07). Total phenols, total antioxidant potential (DPPH) and titrable
acidity exhibited high heritability coupled with high genetic coefficient of variation.
Maximum genetic advance (%) and genetic advance percent of mean was recorded
for total phenols (299.08, 48.79) followed by total antioxidant potential (DPPH
153.48, 45.94) and minimum in total anthocyanin contents (9.30, 25.49) respectively.
Table 1. Estimate of genetic parameters for bioactive compounds traits in 22
strawberry genotypes
Characters

Range

Mean + Genotypic Phenotypic Heritability Genetic GA%
SE (m) coefficient coefficient of
%
Advance% of
mean
of
variation
variation
(PCV %)
(GCV%)

Vitamin C (mg/100 g of 50.40fresh weight)
91.27

72.55 + 15.61
2.44

15.739

98.30

23.12

31.87

Titrable acidity (%)

1.01 +
0.012

18.43

18.552

98.67

0.38

37.71

36.49 + 12.56
0.453

12.746

97.07

9.30

25.49

23.78

23.873

99.21

299.08

48.79

43.34 + 13.69
0.549

13.887

97.12

12.04

27.78

22.483

99.18

153.48

45.94

0.7271.465

Total anthocyanin (mg 28.01pelargonidin-3-glucoside 44.35
equivalents 100 g_1 fw)

Total phenols (mg GA 372.45- 612.97
equivalents/100 g)
914.29 + 6.77
Total
flavonols
(mg 31.07catechin equivalents /100 56.56
g)

Total
antioxidant 199.38- 334.11
potential, DPPH (mg of 481.12 +3.69
AAE /100 g of fresh
weight

22.39
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Analysis of variance also showed significant differences among the genotypes
for all the characters studied (Table 2). The genotypic and phenotypic correlation for
fruits (berry) total antioxidant potential and contributing components are presented in
table 3. The findings clearly indicated that genotypic correlation was of higher
magnitude to the corresponding phenotypic ones, thereby establishing strong inherent
relationship among the characters studied. Vitamin- C and titrable acidity exhibited
highly negative significant genotypic and phenotypic association whereas total
anthocyanin is non significantly associated with vitamin-C and titrable acidity traits.
Total phenol content showed significantly negative correlation with vitamin C but
positive highly significant association with titrable acidity and total anthocyanin
contents. Total flavonols revealed negative non significant relation with vitamin C,
titrable acidity, total phenols and positive non significant association with total
anthocyanin. Total antioxidant potential (DPPH) and vitamin C negatively
significantly correlated whereas total antioxidant potential (DPPH) exhibited
positively highly significant association with titrable acidity, total anthocyanin and
total phenole contents.
Table 2. ANOVA important bioactive compounds traits studied in 22 strawberry
genotypes
Source of
variation

Vitamin C Titrable
(mg/100 g acidity
of fresh
(%)
weight)

Total
Total phenols (mg
Total
anthocyanin
GA
flavonols (mg
(mg
equivalents/100 g)
catechin
pelargonidin-3equivalents
glucoside
/100 g)
equivalents 100
g_1 fw)

Total
antioxidant
potential as
DPPH (mg of
AAE /100 g
of fresh
weight)

Treatment

368.73*

0.104*

63.61*

63906.24*

106.60*

16835.97*

Replication

148.58

0.004

23.87

2341.89

52.44

5687.90

Error

0.123

0.02

0.12

0.028

0.004

0.067

*Significant at p < 0.05,
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Table 3. Phenotypic and genotypic correlations matrix among important bioactive
compounds traits in 22 strawberry genotypes

Characters

Vitamin –
C (mg/100
g of fresh
weight)

Titrable
acidity
(%)

Total
Total phenols (mg
Total
Total
anthocyanin
GA
flavonols (mg antioxidant
(mg
equivalents/100 g)
catechin
potential as
pelargonidin-3equivalents DPPH (mg of
glucoside
/100 g)
AAE /100 g
equivalents 100
of fresh
g_1 fw)
weight)

Vitamin –C (mg/100 g of P 1.000
fresh weight)
G 1.000
Titrable acidity (%)

P-0.454**
G0.458**

Total anthocyanin ( mg P pelargonidin-3-glucoside 0.206NS
equivalents 100 g_1 fw) G 0.294NS
Total phenols (mg GA
equivalents/100 g)

P 1.000
G 1.000
P 0.132NS
G
0.136NS

P 1.000
G 1.000

P -0.306* P 0.391** P 0.544**

P 1.000

G -0.306* G 0.395** G 0.449**

G1.000

Total flavonols (mg
Pcatechin equivalents /100 0.048NS
g)
G0.043NS

P0.204NS

Total antioxidant
potential, DPPH (mg of
AAE /100 g of fresh
weight

P -0.401**

P -0.294*
G -0.301*

G0.201NS

G0.407**

G 0.083NS

P-0.023NS

P 1.000

P 0.086NS

G-0.025NS

G 1.000

G 0.581**

G 0.978**

G -0.077NS

G 1.000

P 0.584**

P 0.980**

P -0.079NS

P 1.000

Significant at p < 0.05, **significant at p < 0.01.

Path analysis also done to study the direct and indirect effect of different
bioactive compounds on total antioxidant potential of strawberry genotypes and data
are presented in table 4. The highest positive direct effect was exhibited via total
phenol content (0.937) followed by total anthocyanin (0.0778), titrable acidity
(0.020) and vitamin C (0.012) however highest negative direct effect via total
flavonols (-0.055). Vitamin C exhibited positive direct effect via total flavonols and
negative indirect effect via titrable acidity, total anthocyanin and total phenols on
total antioxidant potential (DPPH). Titrable acidity showed positive indirect effect
via total anthocyanin, total phenols, total flavonols and negative indirect effect via
vitamin C. Total anthocyanin exhibited positive indirect effect via titrable acidity and
total phenols however negative indirect effect via vitamin-c and total flavonols. Total
phenols revealed positive indirect effect via titrable acidity, total anthocyanin and
total flavonols whereas negative indirect effect via vitamin C. Total flavonols
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exhibited positive indirect effect via total anthocyanin however negative indirect
effect via vitamin C, titrable acidity and. total phenols.
Table 4. Direct (bold) and indirect effects (unbold) of different bioactive compounds
on total antioxidant potential of strawberry genotypes
Characters

Vitamin Titrable
Total
Total phenols
Total
Genotypic
–C
acidity (%) anthocyanin
(mg GA
flavonols
correlation
(mg/100
(mg
equivalents/100
(mg
with total
g of
pelargonidin-3g)
catechin
antioxidant
fresh
glucoside
equivalents potential as
weight)
equivalents 100
/100 g)
DPPH (mg of
g_1 fw)
AAE /100 gm
of fresh weight

Vitamin
–C
0.01221
(mg/100 g of fw)

-0.00926

-0.01628

-0.29007

0.00238

-0.301*

-0.00559

0.02022

0.01060

0.37027

0.01169

0.407**

Total anthocyanin
(mg pelargonidin3-glucoside
-0.00255
equivalents
100
g_1 fw)

0.00275

0.07787

0.52150

-0.00479

0.595**

Total phenols (mg
-0.00378
GA
equivalents/100 g)

0.00799

0.04334

0.93705

0.00150

0.986**

Total
flavonols
(mg
catechin -0.00052
equivalents /100 g)

-0.00424

0.00668

-0.02518

-0.05582

-0.079NS

Titrable
(%)

acidity

Residual are 0.0207

The residual effect was 0.020, which indicates that the characters under study
are sufficient for the path analysis.
DISCUSSION
The selected genotypes phenotypically and genotypically differed which
showed significant variability (Table 1). Estimates of phenotypic and genotypic
coefficients of variation indicated the amount of variation exist in the germplasm. For
all characters studied, phenotypic coefficients of variation were higher than genotypic
coefficients of variation, though the difference was small in some cases. The traits
like total phenols, total antioxidant potential and titrable acidity were less influenced
by environment demonstrating either these were simply inherited characters governed
by a few major genes or additive gene effect even if, they were under polygenic
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control and therefore, selection of these characters would be more effective for yield
improvement (Johnson et al., 1955; Panse and Sukhatme, 1957).
ANOVA also indicated significant differences among genotypes for all
characters (Table 2). The estimate of genetic parameters of major traits contributing
to antioxidant potential showed wide genetic diversity among the genotypes studied
which implies the greater influence of environment in the expression of these
characters. Buendia et al. (2010) also reported considerable variation for total and
individual anthocyanins, flavonols and phenolics contents during a study with 15
strawberry cultivars. The genetic divergence among strawberry cultivars provides a
basis for planning for future efficient utilization of genetic resources to realize the
potentiality for augmenting qualitative breeding programme and source for making
health foods.
Total phenols, DPPH and titrable acidity traits exhibited high heritability
coupled with high genetic coefficient of variation which indicates those need
selection over several successive generations following hybridization for their
edification. Burton and Devane (1953) suggested that genotypic coefficient of
variation along with heritability estimates would give better idea about the efficiency
of selection. Similar results were also reported in blue berry (Connor et al., 2002a and
2002b). Therefore, it is always better that both the genetic parameters should be
considered together. Genetic advance and genetic advance as percent of mean
exhibited maximum value for total phenols followed by total antioxidant potential
(DPPH). High heritability coupled with high genetic advance for traits suggest the
potentiality of source material for improvement through selection for these traits.
The major causes underlying association are either due to pleiotropic gene
action or linkage or both. The phenotypic correlation includes genotypic and
environmental effects, which provides information about total association between
the observable characters. The phenotypic correlations were normally of genetic and
environmental interaction which provided information about the association between
the two characters. Genotypic correlation provides a measure of genetic association
between the characters normally used in selection. Whereas environmental as well as
genetic architecture of a genotype plays a major role in achieving higher antioxidant
potential combined with higher health promoting substances (Salandanan et al.,
2014). The genotypic and phenotypic correlation for fruit (berry) antioxidant
compounds and its component in strawberry are presented in table 3. The findings
clearly indicate that genotypic correlations were of higher magnitude to the
corresponding phenotypic ones, thereby establishing strong inherent relationship
among the characters studied. Highly significant positive association between total
antioxidant potential and titrable acidity, total phenol and total anthocyanin could be
exploited for nutritional improvement programmed. High positive correlation
between total phenols and total antioxidant activity (DPPH, FRAP) reported in
blueberries (Giovanelli and Buratti, 2009 and Moyer et al., 2002) and in strawberry

GENETIC DIVERGENCE AMONG 22 STRAWBERRY

89

by Tulipani et al. (2008). Similarly Ding et al. (2006) and Pantelidis et al. (2007)
reported positive association between total antioxidant capacity and total anthocyanin
in strawberry. Therefore more stress should be given on significantly positively
related traits contributing towards total antioxidant potential to breed antioxidant rich
genotypes and helpful for further improvement of the cultivars lacking bioactive
compounds.
Path coefficient analysis is an important tool for partitioning the correlation
coefficients into the direct and indirect effects of independent variables on a
dependent variable. Two characters may show correlation, just because they are
correlated with a common third one. In provides an effective means of a critical
examination of specific forces action to produce a given correlation and measure the
relative importance of each factor. In this analysis, fruit yield was taken as dependent
variable and the rest of the characters were considered as undependable variables.
The path coefficient analysis which splits total correlation coefficient of different
characters into direct and indirect effects on total antioxidant potential (DPPH) in
such a manner that the sum of direct and indirect effects is equal to total genotypic
correlation (Table 4). Path coefficient analysis revealed that total phenols had highest
direct positive contribution towards total antioxidant potential followed by total
anthocyanin. High PCV, GCV and heritability estimates, coupled with high genetic
gain, occurred for higher total phenols, titrable acidity, total anthocyanin and total
antioxidant potential. Indicating that these characters are under additive gene effects
and more reliable for effective selection. Therefore selection based on higher total
phenols, titrable acidity and total anthocyanin contents will be beneficial for
enhancing the total antioxidant capacity in strawberry germplam.
The residual effect was estimated very low which indicates that the characters
under study were sufficient for the path analysis.
CONCLUSION
The present study indicates wide genetic divergence among the strawberry
genotypes in antioxidant contents which demonstrating its potential use as a food
additive and good source of antioxidants. Total phenols, titrable acidity and total
anthocyanin were the major contributing characters contributing for higher total
antioxidant potential attributes and selection based on these characters could be
effective for developing antioxidant rich strawberry genotypes. They can be used for
direct consumption as various kinds of beverages or as extracts of antioxidants to
increase the nutritional value of different foods and diets in the prevention of chronic
human diseases. Besides, cultivars with high antioxidant potential may be desirable
for crop improvement programme to breed a variety with high nutraceuticals.

90

S. Lal and D. B. Singh.

REFERENCES
Aaby, K., Skrede, G., Wrolstad, R. E. 2005. Phenolic composition and antioxidant activities
in flesh and achenes of strawberries (Fragraria ananassa). Journal of Agriculture
Food Chemistry, 3: 4032–4040
Al-Jibouri, H. A., Millar, P. A., Robinson, H. P.1958. Genotypic and environmental variances
and covariance in upland cotton crosses in inter-specific origin. Agronomy journal,
50:633-637
Allard, R.W. 1960. Principles of plant breeding. John Wiley & Sons, New York
Anonymous. 2013. Strawberries. http://www.chathamdailynews.ca/2013/06/13/there-are-600varieties-of-strawberries-in-the-world
AOAC.1994. Official Methods of Analysis Association of Official Analytical Chemists 111
th

th

North 19 street, suite 20, Ed. 16 , Arlington, Virginia, USA, pp. 2209-22016
Benzie, I., Strain, J. J. 1996. The ferric reducing ability of plasma (FRAP) as a measure of
“antioxidant power”: The FRAP assay. Annals of Biochemistry, 239: 70-76
Buendia, B., Gill, M. I., Tudela, J. A. 2010. HPLC-MS analysis of proanthocyanidine
oligomers and other phenolics in 15 strawberry cultivars. Journal of Agriculture Food
Chemistry, 58(7): 3916-3926
Burton, G. W., Devane, E. V. M. 1953. Estimating heritability from replicated clonal material.
Agronomy Journal, 45:478-481
Connor, A. M, Luby, J. J., Tong, C. B. S. 2002a. Variability in antioxidant activity in
blueberry and the correlations between different antioxidant activity assays. Journal of
American Society of Horticultural Science, 127:238-244
Deighton, N., Brennan, R., Finn, C., Davies, H. V. 2000. Antioxidant properties of
domesticated and wild Rubus species. Journal of Scientific Food and Agriculture, 80:
1307–1313
Dewey, J. R., Lu, K. H. 1959. A correlation and path analysis of components of crested
wheat-grass seed production. Agronomy journal, 51:515-518
Ding, M. R., Wang, F.S., Bowman, L., Qian, Y., Castranova, V., Jiang, B., Shi, X. 2006
Cyanidin-3-glucoside, a natural product derived from blackberry, exhibits
chemopreventive and chemotherapeutic activity. Journal of Biological Chemistry,
281:17359-17368
Giovanelli, G., Buratti, S. 2009. Comparison of polyphenolic composition and antioxidant
activity of wild Italian blueberries and some cultivated varieties. Food Chemistry,
112:903-908
Gomez, K. A., Gomez, A. A. 1994. Statistical Procedures for Agricultural Research, 2nd
Edn., John Wiley and Sons Inc., New York.
Hancock, J. F. 1999. Strawberries. CABI Publishing, Wallingford: UK; 1999.
Hoppula, K. B., Karhu, S. T. 2006. Strawberry fruit quality responses to the production
environment. Journal of Food Agriculture and Environment, 4: 166-170

GENETIC DIVERGENCE AMONG 22 STRAWBERRY

91

Johnson, W.W., Robinson, H. F., Comstock, R. E. 1955. Genotypic and phenotypic
correlation in soybeans and their implications in selection. Agronomy Journal, 47:477482
Kim, D. O., Jeong, S. W., Lee, C. Y.2003. Antioxidant capacity of phenol phytochemicals
from various cultivars of plums. Food Chemistry, 81: 321-326
Lal, S., Ahmed, N., Singh, S. R., Singh, D. B., Sharma, O. C. and Kumar, R. 2013. Variability
of health and bioactive compounds in strawberry (Fragaria x ananassa Duch.)
cultivars grown under an Indian temperate ecosystem. Fruits, 68(5): 423-434
Moyer, R. A, Hummer, K. E., Finn, C. E., Frei, B., Wrolstad, R. E. 2002. Anthocyanins,
phenolics, and antioxidant capacity in diverse small fruits: Vaccinium, Rubus, and
Ribes. Journal of Agriculture Food Chemistry, 50: 519- 525
Panse, V. G., Sukhatme, P. V. 1957. Genetics of quantitative characters in relation to plant
breeding. Ind J Genet. 17:318-328.
Pantelidis, G. E., Vasilakakis, M., Manganaris, G. A., Diamantidis, G. 2007. Antioxidant
capacity, phenol, anthocyanin and ascorbic acid contents in raspberries, blackberries,
red currants, gooseberries and cornelian cherries. Food Chemistry, 102: 777-783
Proteggente, A. R., Pannala, A. S., Paganga, G., Van Buren, L., Wagner, E., Wiseman, S.,
Van de Put, F., Dacombe, C. and Rice-Evans, C. A. 2002. The antioxidant activity of
regularly consumed fruit and vegetables reflects their phenoloics and vitamin C
composition. Free Radical Research, 36:217-233
Robinson, W. B. and Stotz, E. 1945. The indeophenolxylene extraction method for ascorbic
acid and modifications for interfering substances. Journal of Biological Chemistry,
160: 217-225
Salandanan, K., Bunning, M., Stonaker, F., Kulen, O. and Kendall, P. 2009. Comparative
analysis of antioxidant properties and fruit quality attributes of organically and
conventionally grown melons (Cucumis melo L.). Horticulture Science, 44(7):18251832
Shin, Y., Liu, R. H., Nock, J. F., Watkins, C. B. 2008. Harvest maturity, storage temperature
and relative humidity affect fruit quality, antioxidant contents and activity, and
inhibition of cell proliferation of strawberry fruit. Post harvest Biology and
Technology, 49: 201-209.
Tulipani, S., Mezzetti, B., Capocasa, F., Bompadre, S., Beekuilder, J., Ric De Vos, CH.,
Capanoglu, E., Bovy, A. and Battino, M. 2008. Antioxidants, phenol compounds and
nutritional quality of different strawberry genotypes. Journal of Agriculture Food
Chemistry, 56: 696-704
Zhang, Y., Seeram, N. P., Lee, R., Feng, L., Heber, D.2008. Isolation and identification of
strawberry phenolics with antioxidant and human cancer cell antiproliferative
properties. Journal of Agriculture Food Chemistry, 56: 670–675

SAARC J. Agri., 14(1): 93-101 (2016)

USE OF CARBON DISULFIDE AS ATTRACTANT FOR
TRAPPING AND RODENTICIDE BAITING OF Bandicota
bengalensis (GRAY)
Md. Shah Alam* and A. T. M. Hasanuzzaman
Vertebrate Pest Division, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh

ABSTRACT
Management of rodent with rodenticide and trapping is frequently
ineffective due to bait or trap shyness and neophobia. A study was
conducted in the laboratory of Vertebrate Pest Division, BARI, Gazipur
and field to increase the attractiveness of bait or trap to B. bengalensis
and enhance the consumption of novel food by using different
concentration of carbon disulfide (CS2). Study revealed that addition of
CS2 improved bait acceptance of food. Five ppm concentration of CS 2,
rat consumed significantly greater amount of cereal bait than untreated
plain wheat bait. In semi-natural field test, significantly greater number
(59%) of rat was trapped in CS2 scented bait than without scented bait
(41%). In the field study higher population reduction (85-91%) was
achieved with CS2 scented zinc phosphide bait than without scented zinc
phosphide bait (50%). That is 80% higher reduction of rodent population
was achieved with CS2 treated zinc phosphide bait. From this study we
conclude that CS2 can improve the efficiency and consumption of poison
bait and can increase trap success.
Keywords: Carbon disulphide, trapping, baiting, rat

INTRODUCTION
Rats and other rodents such as mice cause considerable economic harm
(Brooks et al., 1990). In particular, agricultural losses are believed to substantial
(Marsh, 1988) and damage is likely to increase in the future as conservation tillage
practice become more widespread (Castrale, 1987). In addition to crop damage,
commensal rodents and other pest species undermine and weaken structure (Timm,
1982, Marsh 1988) and chew through electrical and telephone cables. They also serve
as primary reservoirs or hosts to vectors for human and livestock diseases (Gratz,
1988).

*

Corresponding author email: alamvpd@gmail.com

Received: 21.03.2016

94

Md. Shah Alam and A.T.M. Hasanuzzaman

Bandicoot rat Bandicota bengalensis is major agricultural and urban pest is
Bangladesh or South Asia, It occupies communal burrows and can reach very high
local populations densities (Aplin, et al., 2003). Rodenticide baiting and trapping is
the common approaches to its control but their efficacies are often affected due to
behavioural avoidance of poison baits and traps such as bait acceptance problems
related to bitter taste, sub-lethal toxicosis and subsequent condition aversion (Prashad
et al., 1987, Prashad and Kochar, 1995, Prakash and Ghosh, 1992, Reidinger, 1995).
Olfactory stimuli from rodenticide bait or food within trap are important in
improving their efficacies as the odour cues (Semio-chemical) together with food
flavour guide food seeking behaviour of rats over a distance. In gas
chromatography/mass spectroscopic experiments that were designed to identify
candidate semi-chemicals, Galef et al. (1988) found that carbon disulfide (CS 2) is
present on the breath of rats at a concentration of approximately 1ppm has been
shown previously to mediate socially- induced food choices. When 0.1-10 ppm
concentration of CS2 was applied to food and presented to house mice, Musmusculus.
a) Consumption increased significantly; b) bait station containing scented food were
entered more frequently and for longer period than bait station containg unscented
food (Bean et al., 1988). Mason et al. (1988) speculate that CS2 could enhance the
consumption of rodenticide bait formulation and would increase the effectiveness of
traps by attracting the rodents towards the device. In Bangladesh no experiment was
conducted with semio-chemicals to attract the rodents towards the bait station or trap
station. So the present experiment was designed to increase the attractiveness of CS 2
Bandicota bengalensis and to determine whether it would significantly enhance the
consumption of novel food and to determine the consumption and efficacy of poison
in field condition.
MATERIALS AND METHODS
The study was undertaken at laboratory and field condition. The laboratory
study was conducted at Vertebrate Pest Division, BARI, Gazipur and field study was
undertaken at Dinajpur and Rajshahi districts during October 2010 to December
2012.
Laboratory study
Single Bandicota bengalensis were released in each of the room. The average
body weight was 180 g. Each of the room measured 3.2 x 2m. Rooms were well
protected from the predators. Before starting the experiment the rat were allowed to
establish their normal activities for seven days. During that time rat food and water
was supplied at ad libitum.
Bait station preparation: Two PVC pipes, 10 cm diameter and 50 cm long
were taken for making bait station. One end of these pipes was closed with tin lid and
the other end remained open. Bait materials was kept at the closed end of the pipe, so
the rats have to travel 50 cm to get the food. One of the pipe was used as „control‟
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treated bait station and other was used as CS2 treated bait station inside the CS2
treated pipe, a vial filled with 10 ml of 1 ppm concentration of CS2 was attached to
the PVC pipe immediately above the bait and was filled with 6 cm cotton wick that
protruded 2 cm from the mouth of the vial. A fine solution of 3 levels (1, 5 and 10
ppm) CS2 was prepared by diluting reagent grade CS2 in distilled water and agitating
for approximately 30 minutes. In the “Control” bait station same procedure was
repeated. The vial was filled 10 ml distilled water instead of CS2 solution. One bait
station was placed in one end of the room and another bait station was placed in other
end of the room.
One such bait station was placed in each of the three levels (concentration) of
CS2 tested solution. During the experiment 20 g plain wheat seed was used as bait.
Bait consumption was recorded every day. Water supply was ad libitum for the entire
test animal during the study period. Food consumption taking into account the
spillage was recorded for 3 consecutive days by changing the position of bait station
to avoid the effect of any site preference on feeding.
Simulated field evaluation of the effect of CS2 on trapping B. bengalensis:
This study was conducted in the rodent enclosure. Each of the rodent enclosure
measured 6.2 x 4.4 m. Enclosure was well protected from the predators. Enclosures
are covered with grasses. Rodent can established their normal burrow system in the
enclosure. A group of 10 rats was released and maintained on food and water ad
libitum for 7 days before the start of trapping experiment. Twenty live traps were set
in the enclosure, 10 CS2 treated trap in one side and another 10 untreated traps in
opposite side. The data was recorded in the next morning. This experiment was
replicated 10 groups of 10 rats each.
Field evaluation of zinc phosphide baiting with CS2: The experiments were
conducted at farmer‟s wheat fields in two different areas at Dinajpur and Rajshahi
districs of Bangladesh. In all locations clear signs of rodent infestation were detected.
There were three treatment viz. CS2 + 2% zinc phosphide bait + pre-bait, CS2 + 2%
zinc phosphide bait, 2% zinc phosphide bait and control (where no poison was used).
Two method were used to determine the populations density in each location
mentioned before treatment.(1) The active burrow count method(El-Gawad and Ali,
1982) (2) The foot tracks activity (using tracking tile) method. (El-Sherbiny and
Awad, 1987). Twenty active burrows/spots were used for each treatment. Before
applying treatment all the active burrows were identified properly. Twenty tracking
tiles (20 x 20cm) for foot tact activity were used for each treatment. Foot tracts
activity were taken for two night for both pre and post treatment operation. The pre
and post treatment rodent population was determined by using both of this method.
Ten (10) gram of zinc phosphide bait was placed near the burrow opening or
runway on a piece of paper. CS2 was placed near the bait with in a vial filled with
CS2 solution with 6 cm cotton wick that protruded 2 cm from mouth of the vial. Ten
gram of poison bait was placed near the active burrow for consecutive three days.
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Bait was given in the evening and was collected in the next morning. Each treatment
was replicated in three places in each location. Consumption was recorded every day.
Efficacy of the treatment was judged on the basis of rodent activity and percent
reduction in population was calculated.
Data analysis
The significance of the differences between consumption of CS2 treated and
untreated baits and trap success were determined by the independent student t-test.
The means with standard error were also calculated. Analysis of random complete
block design (RCBD) was employed to find out significance of differences in food
consumption in the field trials. Field data were analysis by one way analysis of
variance and means were separated by LSD at 0.05% probability level. In all
statistical test percentage data were transformed to arcsine to stabilize variance.
STAR software version 2.0.1 (2014) was used for analyzed the data.
RESULT AND DISCUSSION
Acceptance of CS2 scented bait by B. bengalensis: Addition of CS2 improved
bait acceptance by B. Bengalensis. The rat consumed a significantly greater amount
of the cereal bait containing 5 ppm concentration of CS2 than the untreated plain bait
(Table1). The average bait consumption in the 5 ppm concentration of CS2 treated
bait and untreated plain bait was 8.05 ± 1.70 g and 5.96 ±1.09 g respectively for
male. Female rats consumed 6.08 ± 0.24 g for CS2 treated 3.28 ± 0.28 g for untreated
bait.
Table 1. Mean consumption levels of CS2 treated bait and plain (control) bait for
three days in the observation test
Concentration
(ppm)

Body weight (g)
and sex

Mean daily consumption (g)

Acceptance (%)

Plain bait

cs2 treated bait

161.3 M

6.16 ± 1.65

6.53 ± 2.48 ns

51.5

168.3 F

6.69 ± 1.99

9.02 ± 1.81*

57.4

171 M

5.96 ± 1.09

8.05 ± 1.70 *

57.5

152 F

3.28 ± 0.28

6.08 ± 0.24*

65.0

175 M

3.25 ± 0.89

4.15 ± 1.03ns

162 F

6.20 ± 0.78

6.22 ± 0.84ns

1

5

10

ns= non-significant * significant differences between mean values P = 0.05, student t-test

56.1
50.0
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Similarly, at 1ppm concentration, the consumption of CS2 treated bait was
significantly higher than the untreated bait by female (t=3.94 p=6.017) but no
significance differences was observed in the case of males. CS2 treated bait
consumption was higher in female than male except 5 ppm concentration. But Mason
et al. (1988) recorded completely different information while they were working with
Norway rat Rattus norvegicus. They found that the consumption of CS2 bait (10.7 ±
2.79) was three times higher than the consumption (3.2 ±1.19) of plain bait. Presence
of CS2 significantly enhanced the bait consumption of Musmusculus, Rattus rattus
and albino rat and the rodents spent more time in the bait enclosure ( Bean at al.,
1988, Prashed, 2002 and Shumake et al., 2002) Females were more responsive to CS2
than males. Sometimes the rats remove plain bait and hoard in the CS2 treated bait
station.
Table 2. Consumption of CS2 treated and without CS2 treated zinc phosphide
poison bait by rat in field condition
Treatments

Pre-bait consumption Consumption of zinc phos. poison
(g)
bait (g) *

Consumption of zinc phos.
poison bait/spot /day (g) **

Dinajpur

Rajshahi

Dinajpur

Rajshahi

Dinajpur

Rajshahi

355

430

191.6 ± 9.39 a

214.8 ± 5.98 a

3.19±0.21 a

3.58 ± 0.27 a

-

-

129.9 ±
10.15ab

148.3 ±7.13 b

2.17 ± 0.30 b

2.47 ± 0.42 ab

Poison bait

-

-

90 ± 7.64 b

102.5 ± 7.37 b

1.49 ± 0.25 b 1.66 ± 0.28 b

Level of significant

-

-

s

s

CS2+poison bait + prebait
CS2+poison bait

ns

ns

Mean followed by same letter does not differ significantly at 5% by LSD.
*Average of three places, 20 burrows places –1
** Mean of three days

Effect of CS2 scent on trapping of B. bengalensis : During trapping inside the
rodent enclosure 59 % rats were in trapped CS2 treated trap and 39 % rats in
untreated trap ) (t=2.37 p= .041) (Figure 1). Prashad (2002) observed that a greater
number of rats, Rattus rattus were trapped with cereal bait containing 1 %
concentration of CS2 treated bait both in pen and field experiment.
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% Trap success
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Figure 1. Trap success (%) in carbon disulfide treated and control in live trap at rat
enclosure.
The effect of CS2 scent in field is present in table 2 to 4. The total consumption
of CS2 scented poison bait differed significantly without CS2 scented poison bait. The
highest total consumption of zinc phosphide was recorded from the treatment where
CS2 scented zinc phosphide bait adding with pre-bait (191.6 g and 214.8 g) and the
lowest total consumption was recorded from the treatment Zn3P2 poison (90 or 102
g) bait where no CS2 scent was used in both the location in Dinajpur and Rajshahi
respectively. By adding CS2 zinc phosphide, bait consumption was increased by 109
to 112% (with pre-bait) and 43 to 45% (without pre-bait). The daily consumption/
spot (g) of poison bait was followed the same trend as total consumption and
significantly differed among the treatments. The efficacy of different treatments is
presented in table 3 and 4. CS2 + poison bait + pre-bait provide the highest (85-90%)
reduction and zinc phosphide without CS2 provided only 50% reduction of rat. That
is 80% higher reduction of rat population was achieved with CS2 treated poison bait.
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Table 3. Field efficacy of CS2 treated and without CS2 treated poison bait for
controlling rodent using active burrow count method
Treatments

No. of pre-treatment
active burrow

No. of post-treatment
active burrow

% Population
reduction

Dinajpur

Rajshahi

Dinajpur

Rajshahi

Dinajpur

Rajshahi

CS2+poison bait +
pre-bait

60

60

6

5

90

91.67

CS2+poison bait

60

60

9

8

85

86.67

Poison bait

60

60

29

31

51.60

48.33

Control (Reference)

60

60

57

56

5

6.67

Table 4. Field efficacy of CS2 treated and without CS2 treated poison bait for
controlling rodent using foot tracts activity method
Treatments

No. of pre-treatment
foot tracts activity

No. of post-treatment
foot tracts activity

% Population reduction

Dinajpur

Rajshahi

Dinajpur

Rajshahi

Dinajpur

Rajshahi

CS2+poison bait + prebait

115

108

17

13

85.22

87.96

CS2+poison bait

117

106

22

21

81.20

80.19

Poison bait

105

112

52

55

50.48

50.09

Control (Reference)

109

103

102

99

6.42

3.88

Possibly, in the present study the attractiveness of CS2 indicates neophilia or
curiosity for a novel odor. CS2 is a sulphur containing chemical. Sulphurus odors are
usually avoided by herbivores and attract carnivores (Sullivan et al., 1988, Notle,
1994). Omnivorous rats like Bandicota bengalensis are attracted to sulphurus odor
(CS2) in the present study also attract Rattus rattus (Prashad, 2002), R. norvegicus
(Mason et al., 1988) and Musmusculus (Bean et al., 1998). This compound was also
found as a component odor in the breath of rats and mice (Gelaf, 1988; Mason et al.,
1994). CS2 act as a safety signal odor when rat encounter new food or new places,
thus reducing their neophobic reaction and increase food acceptance and
consumption levels. Food odors made familiar to rat can reduce bait container
neophobia in wild rats (Watkins et al., 1999).Our output also reliable with those of
Bean et al. (1998) and (Mason et al., 1988) in which Carbon disulphide scent
producing more attraction in rat than no scent. CS2 scented zinc phosphide bait
consumption increased 109 to 112% than non-scented bait and also increased the rat
population. Similarly, use of CS2scented bait increased the efficiency of trap and
reduces trap shyness. In pen trial, Pashad, (2002) observed higher consumption of
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rodanticide bait containing Zinc phosphide bromadiolone and difethialone by
colonies of 10 R. rattus also increased the efficiency of trapping and baiting using
CS2scented food in field condition. Similar result was obtained by Shumake et al.
(2002) i.e., zinc phosphide poison bait consumption was increased by adding CS2 in
food.
CONCLUSION
However our present study indicated that use of artificial semio-chemical CS2
could increase the acceptability and consumption of novel food and also the efficacy
of zinc phosphide bait.
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MAXIMIZING WHEAT YIELD THROUGH INTEGRATED
USE OF FARMYARD MANURE AND FERTILIZERS
S. C. Tripathi*, Subhash Chander and Raj Pal Meena
ICAR-Indian Institute of Wheat and Barley Research, Karnal -132 001, Haryana, India

ABSTRACT
A field experiment was done for two consecutive years from 2010-11 to
2011-12 with two varieties of wheat (DBW 17 and DPW 621-50) and ten
treatments of fertilizer, involving NPK, FYM and micronutrient, with an
objective to maximize the crop yield. Results showed that variety DBW
17 recorded significantly higher grain yield (4.93 %), straw yield (6.31%)
and HI (1.12%) as compared to DPW 621-50. There was no significant
difference in yield attributes between two varieties. Application of 150 %
recommended NPK fertilizers produced the maximum grain yield (6.10 t
-1
ha ), which was 7.7 % higher over the 100% NPK fertilizers, followed by
-1
-1
15 t ha FYM application along with 150 (5.98 t ha ) and 125 % (5.96 t
-1
ha ) NPK application. There had no significant effect of micronutrients
(Zn, Cu, Fe & Mn) on wheat yield indicating that the soil was not deficient
in those micronutrients. A significant variation was observed between
two years in respect of yield and yield attributes, higher performances
being recorded in 2011-12. Crop lodging was observed, with a maximum
lodging of 26.4 % causing a yield reduction of up to 9.9 %. Agronomic
-1
efficiency was the maximum (13.64 kg grain kg fertilizer) with the
recommended rate of fertilizers and it decreased with increasing rates.
Addition of FYM didn’t increase the agronomic efficiency due to inclusion
-1
of 75 kg N contribution from 15 t ha of FYM.
Keywords: Agronomic efficiency, FYM, micronutrient, NPK, wheat

INTRODUCTION
In India, wheat (Triticum aestivum L.) is the second most important food crop
after rice, with an average yield of 3.07 t ha-1 as recorded in 2013-14 and in Punjab
the yield was 4.85 t ha-1. Scope exists to maximize spring wheat productivity with
the use of higher rates of chemical fertilizers. In India, present day cultivated spring
wheat varieties are cultivated with use of moderate level of N (120 kg ha-1). These
spring wheat cultivars, however, tend to lodge when exposed to higher levels of
fertilization of 180 kg N ha-1 or more (Tripathi et al., 2004). Consequently, the
realizable yields of present varieties even under the best management are pegged at
*
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5.0 to 5.5 t ha-1only. Farmers in India have started using N rates beyond 150-180 kg
ha-1 to realize higher yields, but this creates a probability of lodging. To avoid
lodging sometimes farmers skip the last irrigation (Hobbs et al., 1997), which is
crucial for grain filling and ultimately limiting the wheat yield. This is practiced in
India due to high wind velocity during grain filling period, flat system of planting,
application of flood irrigation and non-availability of lodging resistant genotypes
with higher N application. Increasing the nitrogen doses beyond a certain limit
induces the lodging and ultimately affecting the grain yield and its attributes. The
grain yield reduction ranges from 7 to 35 % due to culm lodging with the greatest
effect when it occurs within the first 20 days after anthesis (Fischer and Stapper,
1987) and up to 8.9% in high yielding wheat varieties even after 25 days after
anthesis (Tripathi et al., 2004). Lodging behavior of wheat at different N levels was
studied by Kheiralla et al. (1993) from Egypt and they reported increased lodging
from 3 % at lower N application (125 kg ha-1) to 33 % at higher N application (275
kg ha-1). Integrated use of organic and inorganic sources of nutrient may support
enhanced yield of wheat (Kumara et al., 2013).
To meet the increasing “food grain needs” it is imperative to maximize wheat
yield through use of higher N levels and suitable genotypes having consistent stable
performance at high level of nitrogen. Hobbs et. al. (1997) pointed out that a wheat
crop requires more than 300 kg of N for a target grain yield of 7 t ha -1. The authors
assumed that the soils have a capacity to produce at least 2 t ha-1 grain yield without
N application with a 50 % N use efficiency. Therefore, it is important to formulate
the best management practices in order to achieve the maximum possible grain yield.
The present study was carried out with the objective of achieving the maximum yield
of different varieties of wheat through integrated use of farm yard manure and
chemical fertilizers including micronutrients and varieties.
MATERIALS AND METHODS
A field study was conducted for two consecutive years from 2010-11 to 201112 at the Indian Institute of Wheat and Barley Research, Karnal (Latitude 290 43’ N,
longitude 760 58’ E and altitude 245 m above mean sea level). The experimental soil
was sandy clay loam in texture (15 % clay), alkaline pH (8.1), low in organic carbon
(0.35 %) and available N (141 kg ha-1), medium in available P (16.8 kg ha-1) and
available K (165 kg ha-1) content. The available micronutrients content of the field soil
(0-15cm) was 1.26, 47.92, 19.75 and 2.45 mg kg-1 of Zn, Fe, Mn and Cu, respectively,
which were medium ( Zn) to high (Fe, Mn and Cu). The layout consists of two main
plots i.e. wheat variety DBW 17 and DPW 621-50 and ten sub plots arranged in a
split plot design with three replications. The sub-plots contained 100, 125 and 150 %
recommended fertilizers, combined with or without 15 t ha-1 FYM plus 0.5%
micronutrient spray (Zn, Fe, Cu and Mn mixed) for fertilizer & manure treatments
and one control. Recommended (100%) fertilizer dose was 150 N, 60 P2O5 and 40
K2O kg ha-1. No fertilizer or FYM was added to the control plots. Previous crop was
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rice (variety Gobind) under puddled transplanted condition. FYM (15 t ha-1),
containing 0.5 % nitrogen, was incorporated into the soil at the time of field
preparation. Wheat seeds were sown at a rate of 100 kg ha-1 during the first week of
November each year. All of phosphorus (as DAP), potassium (as MOP) and 1/3rd
nitrogen (as urea) were applied at the time of sowing as basal dose; the second 1/3rd
N was applied at first node stage (40 DAS) and the remaining 1/3rd N was supplied
at booting stage. Micronutrients spray @ 0.5% each (Zn, Fe, Cu and Mn mixed) was
done at booting stage. Weeds were controlled by use of sulfosulfuron at 25 g ha-1 in 400
liters water at 30-35 DAS. Irrigation was done as per need of the crop. Lodging was
recorded as a % of net plot area. Biomass, grain yield and yield attributing
parameters were recorded and analyzed on yearly as well as pooled basis. Agronomic
efficiency (kg grain kg-1 fertilizer) was calculated as per standard procedure and
contribution from FYM i.e. 75 kg N was considered to the total fertilizer. The grain
yield from control plot was subtracted from the treatments and then divided by added
fertilizer for calculating agronomic efficiency.
RESULTS
Varietal difference in grain yield, straw yield and HI was significant whereas
yield attributing parameters like earhead m-2, grains earhead-1 and 1000-grain weight
and grains m-2 were comparable between two varieties. Pooled analysis showed that
variety DBW 17 recorded significantly higher grain yield (4.93 %), straw yield
(6.31%) and HI (1.12%) as compared to DPW 621-50. The variety DBW 17
produced significantly higher grain yield, straw yield and HI (Table 1).
Table 1. Effects of varieties, fertilizer rates , FYM and micronutrients on grain yield,
straw yield and harvest index of wheat
Factors

Grain Yield (t ha-1)
2010-11 2011-12 Pooled

Straw Yield (t ha-1)

HI

201011

201112

Pooled

201011

201112

Pooled

Varieties
DBW 17

5.17

5.90

5.53

11.20

9.01

10.11

0.324

0.396

0.360

DPW 621-50

4.81

5.72

5.27

9.27

9.74

9.51

0.343

0.368

0.356

CD (P=0.05)

NS

0.08

0.11

0.78

0.43

0.18

0.003

0.001

0.001

100 % NPK

5.29

5.97

5.63

9.45

9.37

9.41

0.359

0.390

0.375

100 % NPK+15 t
ha-1FYM

5.47

6.00

5.74

10.70

9.80

10.25

0.342

0.381

0.361
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Grain Yield (t ha-1)
2010-11 2011-12 Pooled

Straw Yield (t ha-1)

HI

201011

201112

Pooled

201011

201112

Pooled

100 % NPK+15 t
ha-1FYM+
micronutrient

4.60

6.09

5.34

9.97

9.80

9.89

0.322

0.383

0.353

125 % NPK

5.19

6.13

5.66

9.53

9.71

9.62

0.353

0.387

0.370

125 % NPK+15 t
ha-1FYM

5.50

6.42

5.96

11.37

10.47

10.92

0.327

0.381

0.354

125 % NPK+15 t
ha-1FYM+
micronutrient

4.94

6.05

5.50

10.22

9.55

9.88

0.327

0.388

0.358

150 % NPK

5.74

6.47

6.10

12.12

10.41

11.27

0.327

0.383

0.355

150 % NPK+15 t
ha-1FYM

5.49

6.46

5.98

12.77

10.60

11.68

0.305

0.379

0.342

150 % NPK+15 t
ha-1FYM+
micronutrient

5.21

6.54

5.87

11.92

10.71

11.31

0.305

0.379

0.342

Control

2.49

1.96

2.22

4.30

3.38

3.84

0.390

0.368

0.368

CD (P=0.05)

0.39

0.30

0.24

1.67

0.52

0.86

0.027

0.012

0.015

On the basis of pooled analysis, the maximum grain yield was recorded at 150
% NPK application (6.10 t ha-1) followed by 15 t ha-1 FYM application along with
150 (5.98 t ha-1) and 125 % (5.96 t ha-1) NPK application (Table 1). The grain yield
recorded at 150 % NPK application was significantly higher than the yield noted in
all combinations of 100 % and 125 % NPK applications except at 15 t ha -1 FYM
along with 125 % NPK application. There was no significant effect of micronutrient
application on grain yield. All the treatments gave significantly higher grain yield
over control in both years. Generally, the grain yield in 2011-12 across the treatments
and varieties was higher than that in 2010-11. Straw yield was the maximum (11.68 t
ha-1) at 150% NPK along with 15 t ha-1 FYM application followed by same level of
NPK with micronutrient (11.31 t ha-1). Generally, increasing the NPK level has
increased the straw yield particularly with the treatments of 150 % NPK application
as compared to recommended fertilizer applications. Straw yield was higher in 201011 than in 2011-12 whereas trend in grain yield was just reverse. Maximum harvest
index (0.375) was obtained with 100 % NPK application followed by 125 % NPK
application (0.370). Generally, harvest index in 2011-12 was higher than that of
2010-11. This might be the reason for higher grain yield in the second year.
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Table 2. Effects of varieties, fertilizer rates, FYM and micronutrients on yield
attributes of wheat
Earhead m-2

Factors

Grains earhead-1

1000-grain weight, g

2010-11 2011-12 Pooled 2010-11 2011-12 Pooled

2010-11

2011-12 Pooled

Varieties
DBW 17

522

456

489

28.12

31.15

29.64

35.33

41.18

38.26

DPW 621-50

505

430

467

27.49

33.63

30.57

35.2

39.15

37.16

CD (P=0.05)

NS

NS

NS

NS

NS

NS

NS

NS

NS

100 % NPK

484

422

453

31.17

34.28

32.73

35.63

41.41

38.52

100 % NPK+15 t ha1
FYM

506

455

480

31.05

31.62

31.34

35.49

41.88

38.69

100 % NPK+15 t ha1
FYM+ micronutrient

514

446

480

26.50

32.71

29.61

34.26

42.34

38.30

125 % NPK

535

451

493

28.49

34.08

31.28

34.51

40.13

37.32

532

468

500

29.58

34.11

31.85

35.32

40.41

37.87

125 % NPK+15 t ha
1
FYM+ micronutrient

508

425

466

28.32

35.85

32.04

34.80

40.82

37.81

150 % NPK

589

426

557

28.58

32.25

30.41

34.41

38.54

36.47

150 % NPK+15 t ha1
FYM

556

466

511

29.02

35.96

32.49

34.62

38.99

36.81

150 % NPK+15 t ha1
FYM+ micronutrient

564

489

526

26.57

34.62

30.59

35.31

39.21

37.26

Control

346

283

315

18.89

18.45

18.67

38.31

37.92

38.11

CD (P=0.05)

51

63

39

3.12

4.76

2.88

1.9

1.61

1.22

Fertilizer treatments

125 % NPK+15 t ha1
FYM
-

On pooled basis, application of 150 % NPK resulted in the maximum and
significantly higher earhead m-2 (557) compared to the other treatments except 150 %
NPK +15 t ha-1 FYM + micronutrient application (526). There was an increase in
number of earhead m-2 with application of 150 % fertilizer than 100 and 125 %
fertilizer applications. In the first year (2010-11), the number of earhead m-2 was
higher than in the second year (2011-12). Recommended fertilizer application has
produced the maximum (32.73) grains earhead-1 followed by 150 % NPK + 15t ha-1
FYM application (32.49) as compared to other treatments. The number of grains
earhead-1 was higher during 2011-12 in all cases (Table 2). This was probably due to
the reason that earhead m-2 was lower in 2011-12 than in 2010-11. The maximum
1000-grain weight (38.69 g) was recorded with application of 100 % NPK along with
15 t ha-1 FYM application followed by 100% NPK application alone (38.52 g).
Generally, the 1000-grain weight in 2011-12 was higher than in 2010-11 across the
treatments. The number of grains m-2 was the maximum with application of 150 %
NPK (16759) followed by same treatment with addition of 15 t ha-1 FYM (16215).
On the other hand lowest grains m-2 was recorded with recommended dose of
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fertilizer +15t ha-1 FYM + micronutrient application (13910). Some lodging was
observed during both the years under study and more prone during the first year of
study. Maximum lodging was observed in micronutrient applied treatments at 100,
125 and 150 % NPK application during 2010-11. The maximum agronomic
efficiency was obtained with recommended dose of fertilizer application (13.64 kg
grain kg-1 fertilizer). Increasing fertilizer rates decreased the agronomic efficiency.
Addition of 15 t ha-1 FYM also resulted in decreased agronomic efficiency due to 75
kg N addition in these treatments (0.5 % N in FYM). In 2011-12, the agronomic
efficiency for all the treatments was higher than in 2010-11 due to higher grain yield
(Table 3).
Table 3. Effects of varieties, fertilizer rates, FYM and micronutrients on the number
of grains m-2, lodging and agronomic efficiency
Number of grains m-2

Lodging (%)

Agronomic Efficiency (kg
grain kg-1 fertilizer)

Factors
2010-11 2011-12

Pooled

2010-11 2011-12

Pooled

2010-11 2011-12

Pooled

Varieties
DBW 17

14697

14291

14494

-

-

-

-

-

-

DPW 621-50

13765

14621

14193

-

-

-

-

-

-

CD (P=0.05)

NS

NS

NS

-

-

-

-

-

-

14875

14468

14671

0.00

0.00

0.00

11.22

16.04

13.64
10.81

Fertilizer
treatments
100 % NPK
100 % NPK+15 t ha
1
FYM

-

15431

14363

14897

5.60

10.20

7.90

9.20

12.42

100 % NPK+15 t ha1
FYM+
micronutrient

13448

14372

13910

33.50

7.50

20.50

6.49

12.70

9.60

125 % NPK

15061

15267

15164

7.50

3.40

5.50

8.67

13.33

11.00

125 % NPK+15 t ha1
FYM

15565

15964

15764

4.30

5.70

5.00

7.77

11.50

9.64

125 % NPK+15 t ha1
FYM+
micronutrient

14219

14864

14541

45.20

7.60

26.40

6.34

10.55

8.44

150 % NPK

16714

16805

16759

10.20

4.50

7.40

8.67

12.03

10.35

150 % NPK+15 t ha1
FYM

15840

16590

16215

8.60

3.40

6.00

6.68

10.00

8.34

150 % NPK+15 t ha1
FYM+
micronutrient

14728

16693

15710

35.40

4.60

20.00

6.04

10.17

8.11

Control

6430

5176

5803

-

-

-

-

-

-

CD (P=0.05)

750

857

560

-

-

-

-

-

-
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Figure 1. Average Maximum and Minimum Monthly Temperature During the Period of
Experiment

DISCUSSION
Yield of a crop could be maximized when there is no limiting factor affecting
the yield whether biotic or abiotic factor (s) during the entire crop cycle. This is an
ideal situation, which seldom occur in the nature. Generally, inputs are applied when
there is a visible symptom of any deficiency particularly nitrogen and irrigation. In
the present study, variety DBW 17 was a head of DPW 621-50 in terms grain yield
(4.93 %), straw yield (6.31 %) and HI (1.12%). Varietal differences in grain yield
were also reported by Tripathi et al. (2004). Application of 150 % NPK resulted in
7.7 % increase in grain yield than the recommended fertilizer dose and the next best
yielding treatment was 15 t ha-1 FYM application + 125 % (5.96 t ha-1) or 150 (5.98 t
ha-1) NPK applications. This shows that there is a need to re-look at the
recommended fertilizer doses and use of FYM for maximizing wheat yield. In
comparison to 150% NPK alone, application of FYM 15t ha-1 along with 150% NPK
could not increase the grain yield, however, biomass was increased which is reflected
in higher straw yield. This might be due to fact that photosynthates may not be
translocated to grain yield as evident from lower HI, despite similar lodging
behavior. Similar results were reported by Dekhane et al. (2015). These results might
be due to that organic manure improves soil properties and causes slow release of
nutrients from fertilizers (Sharma et al., 2015). During the 2011-12 crop cycle, grain
yield was higher than 2010-11 due to higher 1000-grain weight, HI and grains
earhead-1across the treatments. In the second year (2011-12), the crop produced less
number of earhead m-2 than previous year of study. Approximately 20C lower average
minimum temperatures in February and March were recorded during 2011-12 crop
cycle as compared to 2010-11 (Figure 1). This might be a reason for higher
productivity and high yield attributing parameters particularly 1000-grain weight, HI
and number of grains earhead-1 during the second year of experimentation.
Additionally, low grain yield during the first year of study was owing to lodging in
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many plots as compared to the second year of study. The maximum lodging was
observed to the tune of 26.4 % which reduced the grain yield up to 9.9 % as
compared to the maximum grain yield. This confirms earlier finding that lodging of
crops reduces the grain yield to a great extent (Kheiralla et al., 1993 and Tripathi et
al., 2004). Agronomic efficiency decreased as fertilizer doses were increased. The
decrease in NUE with increasing fertilizer rates can be attributed to the rise of grain
yield less than the N supply in soil by fertilizer application (Lopez-Bellido and
Lopez-Bellido, 2001).
CONCLUSION
The study revealed that there were no limiting factors during the crop cycles
except lodging. Higher rate of fertilizers i.e. 150 % recommended rate (100%)
increased the grain yield of wheat despite the lodging problem. It is suggested that
breeders should develop more robust and lodging resistant genotypes responsive to
higher soil fertility levels for maximizing the wheat grain yield. Lower minimum
temperature prevailing during grain filling period in the second year of
experimentation increased the grain yield due to higher 1000-grain weight and
number of grains earhead-1. Inclusion of FYM with chemical fertilizer resulted in
lower agronomic efficiency.
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ABSTRACT
A field experiment was conducted during 2012-13 and 2013-14 crop
season to find out the most effective strategies for management of late
blight of potato. It was observed that prophylactic spray with mancozeb
nd
@ 0.2% followed by fenamidone + manozeb @ 0.3% as 2 spray at the
rd
onset of the disease followed by mancozeb @ 0.2% as 3 spray seven
nd
days after application of the 2 spray followed by one more spray with
th
fenamidone+mancozeb @ 0.3% as 4 spray seven days after application
rd
of 3 spray exhibited best management of late blight of potato in terms of
percent reduction of disease over control which was 83.64 and 84.79%
in 2012-13 and 2013-14 crop season, respectively. The total tuber yield
-1
was also highest in this treatment showing 25.84 and 26.78 t ha during
2012-13 and 2013-14 crop season, respectively.
Keywords: Effective management, fenamidone+ mancozeb, late blight
of potato.

INTRODUCTION
Late blight of potato is one of the most dreaded diseases wherever potato is
grown. During mid 1800, the disease caused wide-spread crop failure throughout the
Northern Europe including Ireland where it was responsible for the famous Irish
Famine in 1845 (Elansky et al., 2001). In West Bengal the disease was first noticed in
Darjeeling district in 1883. In the plains, the disease was first noticed in Hooghly
districts during 1898-1900.
Today the disease is a recurring feature in plains of West Bengal. It occurs in
mild to moderate form every year but assumes severe form and develop epidemic
only in occasions. Yield losses in the plains have been estimated around 10-75%
(Dutt, 1979). Management of the disease is a great challenge to the plant pathologists
* Corresponding author email: aicrpp.bckv@gmail.com
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all over the world. This is due to the unique capacity of pathogen to cause cell death
of the host and this happens so fast that within 2-4 days the entire crop collapse under
favourable weather condition.
The resistant variety is the only cheapest and environment friendly approach to
combat the disease but the pathogen is highly variable and changes itself with a slight
change in the environment. The host genotype resistance in most of the varieties is
broken within few years of their cultivation. Therefore, the most effective alternative
is the need based use of chemical fungicide for management of the disease (Singh et
al., 2003).
Among the fungicides the most effective is systemic one. But indiscriminate
use of fungicides also has adverse effect on resistance as the pathogen develops
resistance against the systemic fungicides. Therefore, it is not advisable to use only
one or two systemic fungicides for long-term basis, instead the fungicides should be
changed after few years and newer molecules should be introduced in its place to
avoid development of resistance in the pathogen. Keeping these views in mind the
present investigation was carried out to develop an effective spray schedule for the
most effective management of the disease.
MATERIALS AND METHODS
The experiment was conducted at Adisaptagram Block seed Farm, Hooghly,
West Bengal during 2012-13 and 2013-14 crop seasons. The planting was done in
November each year. Two varieties like Kufri Chandramukhi (V 1) and Kufri Jyoti
(V2) were used for this experiment. The experiment was laid out following a
randomized block design with 4 replications and 6 treatments. The unit plot size was
5m × 2m and potato seeds were planted in line maintaining 60cmx20cm spacings.
Prophylactic foliar sprays were applied just at the time of canopy closure i.e. 45-50
days after planting according to the details of spray schedules shown below.
T1 = Spray with mancozeb @ 0.2% followed by 2 more spray with mancozeb @
0.2% at weekly intervals starting from onset of the disease.
T2 = Spray with mancozeb @ 0.2% followed by 3 more sprays with mancozeb
@ 0.2% at weekly intervals starting from onset of the disease.
T3 = Spray with mancozeb @ 0.2% followed by cymoxanil + mancozeb @
0.3% as 2nd spray at the onset of the disease followed by mancozeb @ 0.2%
as 3rd spray seven days after the application of 2nd spray followed by one
more with cymoxanil + mancozeb @ 0.3% as 4th spray seven days after
application of 3rd spray.
T4 = Spray with mancozeb @ 0.2% followed by fenamidone + mancozeb @
0.3% as 2nd spray at the onset of the disease followed by mancozeb @ 0.2%
as 3rd seven days after the 2nd spray followed by one more spray with
fenamidone + mancozeb 0.3% as 4th spray seven days after application of 3rd
spray.
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T5

=

Spray with mancozeb @ 0.2% followed by dimethomorph + mancozeb @
0.3% as 2nd spray at the onset of the disease followed by one more spray
with mancozeb @ 0.2% as 3rd spray seven days after the 2nd spray followed
by one more spray with dimethomorph + mancozeb @ 0.3% as 4th spray
seven days after application of 3rd spray.

T6

=

Control (no fungicidal spray)

In each plot 50 plants were selected randomly and in each plant one top leaf,
one middle leaf and one lower leaf were selected for estimation of severity of the
disease. The data on severity of the disease was recorded before every spray
following 0-9 scale as developed by Malcolimson (1976) based. The details of which
are shown below.
Percent leaf area infected (%)

Score

0

0

1-9

1

10
11-25

2
3

26-40

4

41-60

5

61-70
71-80

6
7

81-90

8

91-100

9

Thereafter, the percent disease index (PDI) was calculated following the formula
developed by McKinney (1923)
PDI = Sum of all numerical ratings × 100
Total No. of leaves Examined × Maximum Grade
RESULTS AND DISCUSSION
At 7 days of first appearance of the disease, visible symptoms of late blight
appeared only under control (T6) where the PDI was 18.42 in variety Kufri
Chandramukhi (V1) and 17.90 in variety Kufri Jyoti (V2). In V1, the lowest disease
severity (PDI) was recorded from T4 followed by T5, T3, T2 and T1 at 14, 21 and 28
days after first spray. At 28 days after first appearance of the disease, the reduction in
PDI was 76.07, 77.88, 80.06, 82.98% and 83.64 over control (V1T6). Similarly, the
lowest PDI was recorded from treatment T4 followed by T5, T1, T3 and T2 in V2 at 14,
21 and at 28 days after first appearance of the disease. At 28 days after first

114

Ashis Chakraborty and Hirak Banerjee

appearance of the disease the reduction in PDI was 83.35, 80.72, 78.74, 78.46 and
78.37% under T4, T5, T1, T3, and T2, respectively over control in V2 (Table 1).
Table 1. Efficacy of different fungicides against late blight of potato during 2012-13
crop season.
Percent disease severity at
days after first spray

Treatments
7

% disease
reduction
over control

Yield
t/ha

14

21

28

V1T1*

9.45
(18.39)**

11.09
(19.90)

13.50
(21.97)

76.07

22.56

V1T2

8.97
(17.92)

10.60
(19.46)

12.48
(21.12)

77.88

21.62

V1T3

8.50
(17.46)

9.95
(18.86)

11.25
(20.05)

80.06

23.89

V1T4

7.04
(15.94)

8.49
(17.45)

9.23
(18.18)

83.64

25.84

V1T5

7.65
(16.59)

8.64
(17.60)

9.60
(18.53)

82.98

24.89

34.05
(36.00)

48.45
(44.40)

56.42
(48.98)

-

16.50

V2T1

8.65
(17.61)

9.64
(18.57)

11.30
(20.09)

78.74

30.34

V2T2

8.97
(17.92)

10.14
(19.04)

11.50
(20.27)

78.37

28.51

V2T3

8.32
(17.28)

10.94
(19.77)

11.45
(20.22)

78.46

27.12

V2T4

7.03
(15.93)

8.41
(17.37)

8.85
(17.80)

83.35

27.56

V2T5

7.49
(16.42)

9.57
(18.50)

10.25
(19.14)

80.72

26.62

32.76
(35.22)

45.23
(42.55)

53.17
(47.10)

-

18.98

SEm (±)

0.66

0.59

0.74

2.54

CD (P=0.05)

1.37

1.23

1.53

5.28

V1T6

V2T6

18.42

17.90

*

Abbreviations of V1&V2 and T1-T6 have mentioned in Section Materials and Methods

**

Figures within parentheses are angular transformed values.
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In variety V1, the highest total tuber yield was obtained with the treatment T 4
followed by T5, T3, T1 and T2 showing the yield of 25.84, 24.89, 23.89, 22.56 and
21.62 t ha-1, respectively compared to control. In V2, the highest tuber yield was
recorded from T1 followed by T2, T4, T3,and T5. Per hectare tuber yield was 30.34,
28.51, 27.56, 27.12 and 26.62 t, respectively. In both varieties, the lowest yield of
16.50 t was harvested from V1T6 and 18.98 t from V2T6 (Table 1).
Table 2. Efficacy of different fungicides against late blight of potato during 2013-14
crop season
Percent disease severity at
days after first spray

Treatments
7
V1T1*
V1T2
V1T3
V1T4
V1T5
V1T6

21.58

V2T1
V2T2
V2T3
V2T4
V2T5
V2T6
SEm (±)
CD (P=0.05)

20.01

14

21

28

10.48
(18.89)**
9.50
(17.95)
8.79
(17.25)
7.91
(16.33)
8.29
(16.74)
37.08
(37.53)
10.07
(18.50)
9.01
(17.48)
8.61
(17.07)
7.45
(15.85)
7.83
(16.26)
33.58
(35.43)
0.35
0.72

12.17
(20.43)
11.89
(20.17)
10.64
(19.05)
8.91
(17.38)
9.68
(18.14)
53.11
(46.81)
11.62
(19.94)
11.08
(19.45)
10.38
(18.80)
8.50
(16.96)
9.03
(17.50)
50.47
(45.30)
0.39
0.80

15.01
(22.81)
14.29
(22.22)
12.77
(20.94)
10.30
(18.72)
11.71
(20.01)
67.76
(55.44)
14.34
(22.26)
13.78
(21.80)
12.26
(20.50)
10.13
(18.56)
11.18
(19.54)
63.56
(52.90)
0.59
1.21

*

% disease
reduction
over control

Yield
t/ha

77.84

23.59

78.91

24.38

81.15

25.49

84.79

26.78

82.71

26.28

-

17.49

77.43

24.31

78.31

25.97

80.71

26.88

84.06

28.69

82.41

27.49

-

19.67

Abbreviations of V1&V2 and T1-T6 have mentioned in Section Materials and Methods

**

Figures within parentheses are angular transformed values.

0.74
1.50
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The results of 2013-14 crop season are presented in table 2. The finding reveal
that in variety K. Chandramukhi (V1) the minimum PDI value was obtained with the
treatment T4 (10.30%) followed by treatment T5 (11.71%) and T3. The highest PDI
was recorded from control (V1T6). The percent reduction of the disease over control
was 84.79 and 82.71% in treatment V1T4 and V1T5 respectively at 28 days first
appearance of the disease. The highest total tuber yield of 26.78 t ha -1 was recorded
in treatment V1T4 followed by treatment V1T5.
In variety K. Joyti (V2) the lowest PDI was also observed in treatment V 2T4
(10.13) followed by treatment V2T5 where percent disease severity was 11.18. The
highest PDI was found in treatment (V2T6) where percent disease severity was
63.56% at 28 days after first appearance of the disease. The treatment V 2T4 and V2T5
showed 84.06 and 82.41% reduction in PDI, respectively. The highest total tuber
yield of 28.69 t ha-1 was also obtained with the treatment T4 in variety V2 followed by
treatment T5 where total tuber yield was 27.49 t ha-1.
The findings found in the present investigation are in agreement with the
findings of De and Sengupta, 1988 and 1991 who observed that mancozeb and
combined product of systemic and contact fungicide may have synergistic effect
against P. infestans. Baider and Cohen (2003) also reported that combination of
mancozeb with beta amino butyric acid (BABA) has synergistic effect against P.
infestans in potato and tomato than either of them alone. Chakraborty and Majumder
(2012) also observed that late blight can effectively be managed by adopting
prophylactic spray with mancozeb @ 0.25% followed by cymoxamil + mancozeb @
0.3% at the onset of the disease followed by mancozeb @ 0.25% seven days after
application of systemic fungicide.
CONCLUSION
Based on findings of the present experiment it may be concluded that the late
blight of potato can effectively be managed by applying prophylactic spray (just at
the time of canopy closure) with mancozeb @ 0.2% followed by fenamidone +
mancozeb @ 0.3% as 2nd spray at the onset of the disease followed by mancozeb @
0.2% as 3rd spray seven days after the application of 2nd spray followed by
femanidone + mancozeb @ 0.3% as 4th spray seven days after the application of 3rd
spray.
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ABSTRACT
The study was conducted to assess the impact of conservation
agriculture practice on livelihood status of farmers in Bangladesh. A total
of 300 farmers (50 focal, 100 proximal and 150 control) from five districts
(Mymensingh, Bogra, Tangail, Sherpur and Jamalpur) were selected.
Focal farmers were selected purposively; and proximal and control
farmers were selected randomly. Descriptive statistics like sum,
averages, percentages and ratios were calculated to evaluate the
socioeconomic data as well as to identify the nature and extent of
conservation agriculture practiced. Expenditure elasticity measured the
responsiveness of change in expenditure of the farmers with change in
income. Difference-in-difference (DID) analysis and Ravallion test were
done to evaluate the impact of conservation agriculture practice on
farmers’ income and expenditure. Multidimensional poverty index (MPI)
was used to document the intensity of poverty. About 26.0, 25.0 and 18.6
percent focal, proximal and control farmers, respectively had basic
knowledge about conservation agriculture practice; and 28.0, 19.0 and
15.3 percent, respectively received training on such practice. The
adoption of different principles of conservation agriculture practice by
focal farmers was satisfactory. The BCRs (Benefit cost ratio) for
practicing conservation agriculture of focal, proximal and control farmers
was 2.15, 2.07 and 1.92, respectively. The results of DID analysis and
Ravallion test indicated that the impact of conservation agriculture
practice on average annual income and expenditure of the farmers was
statistically significant. The expenditure elasticity of focal, proximal and
control farmers was 0.31, 0.44 and 0.58 percent, respectively. A
remarkable improvement in farmers’ livelihood status was found after
adopting conservation agriculture practice. Input support, motivation,
training programmes and extension services by different government and
non-government organizations should be properly implemented to raise
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the awareness and enrich the knowledge of the farmers on conservation
agriculture practice.
Keywords:

Conservation
agriculture,
multidimensional poverty

farmers’

livelihood,

INTRODUCTION
Agriculture is the heart of Bangladesh economy where more than 80% farmers
are smallholder having land less than 1.0 hectare. The rural economy constitutes a
significant component of the national GDP with agriculture accounting for 17.2%
(BBS, 2014). In order to feed the increasing population of Bangladesh, ‘Green
Revolution’ has emerged in 1960s and priority was given to produce more food
through intensification of land usage (Akteruzzaman et al., 2012). As a result,
Bangladesh had attained self sufficiency in food production for a shorter period. But
long term use of chemical fertilizer and pesticides in conjunction with no use of any
organic fertilizer resulted in lack of soil organic matter content. As a result, soil
fertility and productivity is decreasing day by day (Kafiluddin and Islam, 2008). In
this context, introduction of resource conserving agriculture is becoming increasingly
important in overcoming the problems of declining agricultural productivity in a
developing country like Bangladesh.
Conservation agriculture can be defined as a concept for resource-saving
agricultural crop production that strives to achieve acceptable profits together with
high and sustained production levels while concurrently conserving the environment
(FAO, 2007). There are three key principles in the process of conservation
agriculture; such as, continuous minimum mechanical soil disturbance; permanent
organic soil cover; and diversified crop rotations. Conservation agriculture plays a
vital role in increasing organic matter content in soil and in reducing soil erosion.
Community based movement on conservation agriculture may contribute to
livelihood and empowerment of communities (Rahman, 2001). Although this farming
aims to help farmers to earn more income with reduced amount of labour, irrigation
and other high energy external input costs; keep land healthy and productive; and
conserve natural environment (Lampkin and Padel, 1994); about 8-10% farmers
around the world follow this practice (Parrott et al., 2006; Willer et al., 2008).
The reality for many smallholder farmers is that their soils have become
severely depleted through generations of unsustainable farming methods including
ploughing, monocropping, little or no replenishment of nutrients and burning of
residues. Ultimately, such practices result in decreased yields. Conservation
agriculture has a positive impact on farmers’ livelihood having potential to turn
around the daily and seasonal calendar; and change the rhythm of farmers’
livelihood. The labour input in this system could be reduced by 75% (IFAD, 2005
and FAO, 2007). The time saved under conservation agriculture allows farmers to
dedicate more time to other more profitable non-farm occupations for generating
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income than growing a crop. More time availability offers real opportunities for
diversification options. For women, conservation agriculture provides opportunities
to engage themselves in other income generating and socioeconomic activities while
also sparing more time to take care of the family.
Modalities of such farming have been described in a good number of literatures
in the global context as well as in the context of Bangladesh. A modest attempt has
been made here to review the previous research studies which are: Akter and Gathala
(2014) conducted a research on adoption of conservation agriculture technology in
diversified systems and impact on productivity in Bangladesh; and revealed that
diversities existed between locations, cropping systems and seasons affected intensity
of adoption. Nkala (2012) assessed the impacts of conservation agriculture on
farmers’ livelihood in Central Mozambique and discovered that under the conditions
of vulnerable livelihood, lack of access to agricultural assets, lack of institutions
supporting smallholder farmers, conservation agriculture had only a weak impact on
livelihood outcomes, mostly through a slight improvement in crop productivity.
Tshuma et al. (2012) assessed the impact of conservation agriculture on food security
and livelihood in Zimbabwe and found that conservation agriculture extended the
range of livelihood on a limited scale, through improved yields and income.
The literature reviews mentioned above indicate that most of the studies dealt
with livelihood outcome through practicing conservation agriculture though these are
not relating to Bangladesh. Therefore, to minimize the research gap, this study would
be helpful at examining the socioeconomic issues on improving livelihood status of
farmers through adoption of conservation agriculture in Bangladesh. The overall goal
of the present study is to evaluate the impact of conservation agriculture practice on
farmers’ livelihood improvement in Bangladesh. The specific objectives are: i) to
assess the nature and extent of conservation agriculture practiced and ii) to evaluate
the impact of conservation agriculture practice to improve the farmers’ livelihood
status.
MATERIALS AND METHODS
The study was conducted in five agro-ecological zones of Bangladesh where
the movement for practicing conservation agriculture are getting interest among
farmers for several years. The considered districts were Mymensingh (major crop:
potato), Bogra (major crop: bean), Tangail (major crop: pineapple), Sherpur (major
crop: rice) and Jamalpur (major crop: wheat). Three categories of farmers were
targeted for investigation namely, focal farmers (farmers receiving technical and
logistic support for practicing conservation agriculture from the project and having
regular contact with extension support staff), proximal farmers (neighboring of focal
farmers receiving indirect support like technical advice and having occasional contact
with the extension staff) and control farmers (who are receiving no training and
technical support on conservation agriculture from any organization and also from
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the project staff). In each locale of the study, a total of 60 farmers (10 focal, 20
proximal and 30 control) were selected; of which focal farmers were selected
purposively, and proximal and control farmers were selected randomly. Thus, a total
of 300 farmers were included as the sample for observation and data collection.
Primary data were collected through questionnaire survey, focus group discussion
(FGD) and key informant interview (KII) with local stakeholders. Secondary sources
of data in the form of handouts, reports, publications, notifications, etc. having
relevance with this study were also consulted.
Model specification
An amalgamation of descriptive statistics, mathematical and statistical
techniques was used to achieve the objectives of the study. Descriptive statistics like
sum, averages and percentages were calculated to assess the socioeconomic
characteristics of the sample farmers, and identify the nature and extent of
conservation agriculture practiced. For evaluating the impact of adopting
conservation agriculture practice on farmers’ livelihood, expenditure elasticity,
difference-in-difference (DID) analysis, Ravallion test and multidimensional poverty
index (MPI) were used.
Difference-in-difference (DID) analysis
DID analysis is necessary to construct a counterfactual measure of what would
have happened if the intervention had not been available, and to find the difference
between the previous and present situation after the intervention. The following
formula was used for estimating difference-in-differences:
DIDFP = (F1 – P1) – (F0 – P0)
Where,
F0 = ‘Before’ situation of focal farmers adopting conservation agriculture
practice;
F1 = ‘After’ situation of focal farmers adopting conservation agriculture
practice;
P0 = ‘Before’ situation of proximal farmers adopting conservation agriculture
practice; and
P1 = ‘After’ situation of proximal farmers adopting conservation agriculture
practice.
DIDFC = (F1 – C1) – (F0 – C0)
Where,
F0 = ‘Before’ situation of focal farmers adopting conservation agriculture
practice;
F1 = ‘After’ situation of focal farmers adopting conservation agriculture
practice;
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C0 = ‘Before’ situation of control farmers adopting conservation agriculture
practice; and
C1 = ‘After’ situation of control farmers adopting conservation agriculture
practice.
DIDPC = (P1 – C1) – (P0 – C0)
Where,
P0 = ‘Before’ situation of proximal farmers adopting conservation agriculture
practice;
P1 = ‘After’ situation of proximal farmers adopting conservation agriculture
practice;
C0 = ‘Before’ situation of control farmers adopting conservation agriculture
practice; and
C1 = ‘After’ situation of control farmers adopting conservation agriculture
practice.
Ravallion test
The impacts of adopting conservation agriculture practice were measured by
using comparison of focal, proximal and control farmers’ income, expenditure and
savings with the help of Ravallion test. The formula used for estimation defined by
Ravallion (2008) was as follows:

Where,
I = Average impact of conservation agriculture practice;
O = Value of interpretable impact indicator; F = Focal farmers;
P = Proximal farmers; i = Sample units; and n = Sample size.

Where,
I = Average impact of conservation agriculture practice;
O = Value of interpretable impact indicator; F = Focal farmers;
C = Control farmers; i = Sample units; and n = Sample size.
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Where,
I = Average impact of conservation agriculture practice;
O = Value of interpretable impact indicator; P = Proximal farmers;
C = Control farmers; i = Sample units; and n = Sample size.
Expenditure elasticity
Expenditure elasticity is a measure of the responsiveness of expenditure on,
or consumption of, a good to a change in real income, when other factors remain the
same, and where expenditure is a proxy for income (Browne et al., 2007).
Expenditure elasticity of the farmers was calculated using the following formula:
EF = (∂YF ÷ ∂IF) × (IF ÷ YF)
Where,
EF = Expenditure elasticity of focal farmers;
∂YF = Change in expenditure of focal farmers;
∂IF = Change in income of focal farmers;
YF = Expenditure of focal farmers before practicing conservation
agriculture; and
IF = Income of focal farmers before practicing conservation
agriculture.
EP = (∂YP ÷ ∂IP) × (IP ÷ YP)
Where,
EP = Expenditure elasticity of proximal farmers;
∂YP = Change in expenditure of proximal farmers;
∂IP = Change in income of proximal farmers;
agriculture;

YP = Expenditure of proximal farmers before practicing conservation
and
IP = Income of proximal farmers before practicing conservation

agriculture.
EC = (∂YC ÷ ∂IC) × (IC ÷ YC)
Where,
EC = Expenditure elasticity of control farmers;
∂YC = Change in expenditure of control farmers;

agriculture;

∂IC = Change in income of control farmers;
YC = Expenditure of control farmers before practicing conservation
and
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IC = Income of control farmers before practicing conservation
agriculture.
Multidimensional poverty index (MPI)
The MPI is an index designed to measure the intensity of poverty (HDR,
2015). It comprises three equally weighted poverty dimensions; health, education and
living standards. The health dimension is measured by the two equally weighted
indicators, nutrition and child mortality. Education is captured by the two equally
weighted indicators, years of schooling and child enrolment. Living standards are
measured by the six equally weighted indicators; cooking fuel, sanitation, water,
electricity, floor and assets. The following formula was used to appraise the intensity
of poverty:
Intensity of poverty = [{Ʃ c(k)} ÷ Ʃ q] × 100
Where,
c = Households deprived of the indicators;
k = Weighted score of the indicators; and
q = Average household size in each area.
RESULTS AND DISCUSSION
Profile of the selected farmers
Table 1 represents the basic information of the selected farmers in the study
areas. It is found that average household and farm size of focal, proximal and control
farmers was 6.0, 5.0 and 6.0; and 0.44, 0.46 and 0.45 respectively. Average
dependency ratio of focal farmers (1.5) was comparatively lower than proximal and
control farmers (1.7 and 3.0, respectively) which indicate that focal farmers were
more self-sufficient and self-employed. The percentages of male and female
respondents were 68.0, 69.5 and 69.2; and 32.0, 30.5 and 30.8 for focal, proximal and
control farmers, respectively. Average age of focal, proximal and control farmers was
31, 38 and 36 years, respectively. Though 42.0 percent focal farmers could put sign
only, majority of the proximal and control farmers (56.5 and 55.6 percent,
respectively) were illiterate in the study areas. Most of the farmers were engaged in
agriculture as well as other income generating activities like labour selling, service,
small business, etc. (76.0 percent for both focal and proximal farmers and 70.8
percent control farmers). It is also shown that majority of the farmers were
commercial farmers (82.0, 70.5 and 76.0 percent focal, proximal and control farmers,
respectively) in the study areas (Table 1).
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Table 1. Basic information about the selected farmers
Farmers’ categories

Particulars

Focal

Proximal

Control

6

5

6

Average farm size (ha)

0.44

0.46

0.45

Average dependency ratio (no.)

1.5

1.7

3.0

Male

68.0

69.5

69.2

Female

32.0

30.5

30.8

31

38

36

Illiterate

32.0

56.5

55.6

Sign only

42.0

27.5

22.4

Primary and above

26.0

16.0

22.0

Occupational status
(% of farmers)

Agriculture only

24.0

24.0

29.2

Agriculture and others

76.0

76.0

70.8

Farming systems practiced
(% of farmers)

Subsistence

18.0

29.5

24.0

Commercial

82.0

70.5

76.0

Average household size (no.)

Average sex distribution
(% of farmers)
Average age (years)
Literacy rate
(% of farmers)

Source: Field survey, 2015-16.

Extent of farmers’ knowledge about conservation agriculture practice
Table 2 represents the extent of basic knowledge about conservation
agriculture practice and training received by the farmers on crop cultivation in the
study areas. It is seen that 26.0, 25.0 and 18.6 percent focal, proximal and control
farmers, respectively had fundamental knowledge about conservation agriculture
practice. Also, 28.0, 19.0 and 15.3 percent focal, proximal and control farmers,
respectively received training on crop farming in the study areas.
Table 2. Extent of farmers’ knowledge about conservation agriculture practice (in
percentages of farmers)
Farmers’ categories
Particulars

Focal
(n = 50)

Proximal
(n = 100)

Control
(n = 150)

Zero/minimum tillage

6.0

7.0

5.3

Crop residue management

12.0

12.0

7.3

Diversified crop rotation

8.0

6.0

6.0

Total

26.0

25.0

18.6

Training received on crop farming

28.0

19.0

15.3

Source: Field survey, 2015-16.
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Sources of knowledge and purposes of training provided
Generally, the farmers of the study areas gathered knowledge about
conservation agriculture practice from different government and non-government
organizations such as BAUEC, CVDCL, CGUS, DAE, Caritas Bangladesh and
CIMMYT. Farmers had been given knowledge and training on organic farming,
mixed cropping, assessment of climate change impact, improvement of soil quality,
IPM Technology, formalin free fruit production, etc. (Table 3).
Table 3. Sources of knowledge and issues on training provided
Institutions

Duration
(days)

Purposes

BAUEC

03

Preparation
of
vermicompost,
improvement of soil quality, using IPM
Technology.

CVDCL and CGUS
: Local NGOs

07

Organic farming, using cowdung instead
of synthetic fertilizer.

Tangail

DAE

02

Formalin free pineapple
mixed cropping.

Sherpur

Caritas Bangladesh

05

Soil quality improvement, promoting
safe drinking water, impact of climate
change assessment.

Jamalpur

CIMMYT

03

Crop residue practicing, using cowdung,
dhaincha cultivation for increasing
nitrogen in the soil.

Study areas

Mymensingh

Bogra

production,

Source: Field survey, 2015-16.

Nature of adopting conservation agriculture practice
Before adopting conservation agriculture practice, the farmers of each category
in the study areas were fully dependent on synthetic fertilizers, pesticides and
medicines in some cases. After adopting conservation agriculture practice, focal
farmers followed the basic principles of conservation agriculture. Proximal farmers
observed the farming practices of focal farmers’ and tried to follow them, but control
farmers did not follow any principle of conservation agriculture practice rather they
continued traditional crop farming practices. Table 4 shows the nature of adopting
conservation agriculture practice by the farmers in the study areas.
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Table 4. Nature of conservation agriculture practice adopted by the farmers
Farmers’ categories
Particulars
Focal

Proximal

Control

Practicing zero/ minimum tillage

√

×

×

Retaining crop residue

√

√

×

Practicing crop rotation

₪

×

×

Using synthetic fertilizers

₪

₪

√

Using synthetic pesticides

×

₪

√

Using herbicides

×

₪

√

Using medicine

×

×

√

Using compost

√

√

×

Using vermicompost

√

×

×

Using cowdung

√

√

₪

Using bioslurry

√

√

₪

Using IPM technology

√

×

×

Source: Field survey, 2015-16.
Note: √, ₪ and × indicate full, partial and no adoption, respectively.

It is experienced that focal farmers of the research areas fully adopted
practicing zero/minimum tillage and retaining crop residue. As the selection of
appropriate crop rotation is a lengthy process, it was partially adopted by them. It was
not possible for them to diminish the use of synthetic fertilizers fully, but the full use
of organic fertilizers (compost, vermicompost, cowdung and bioslurry) and IPM
technology; and no use of pesticides, herbicides and medicines were ensured. In case
of proximal farmers, full adoption was experienced only in terms of retaining crop
residue, and using compost, cowdung and bioslurry. They adopted partial use of
fertilizers, pesticides and herbicides. On the other hand, no control farmer practiced
zero/minimum tillage, retained crop residue or practiced appropriate crop rotation.
They continued full use of synthetic fertilizers, pesticides, herbicides and medicines;
and partial use of cowdung and bioslurry.
Profitability of crop farming
Profitability of crop farming from the view point of individual farmers was
measured in terms of gross return, gross margin, net return and benefit cost ratio
(undiscounted). For calculating the total production cost, variable and fixed costs
were taken into consideration. The components of variable costs were: i) human
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labour, ii) power tiller cost, iii) seeds/seedlings, iv) fertilizers, v) pesticides, vi)
medicine, vii) irrigation and viii) fencing.
Focal farmers were provided input support with 10.0 decimal land for
practicing conservation agriculture. It is evident from table 5 that after adopting
conservation agriculture practice, total cost per 10 decimal land was decreased to Tk.
6056, Tk. 6149 and Tk. 6360 where these were Tk. 6396, Tk. 6375 and Tk. 6413 for
focal, proximal and control farmers, respectively before adopting conservation
agriculture practice. Gross and net return were increased to Tk. 13004, Tk. 12755 and
Tk. 12225; and Tk. 6949, Tk. 6606 and Tk. 5865 in case of focal, proximal and
control farmers, respectively after adopting conservation agriculture practice. BCR of
focal, proximal and control farmers was 1.95, 1.95 and 1.89, respectively before
adopting conservation agriculture practice but after adopting conservation agriculture
practice, it was increased to 2.15, 2.07 and 1.92, respectively.
Table 5. Profitability analysis of crop production
Profitability of crop production per 10.0 decimal land
Farmers’ categories

Particulars
Total cost
Gross return
Net return
Benefit cost ratio
(BCR)
Total cost
Gross return
Net return
Benefit cost ratio
(BCR)

Focal

Proximal

Control

Before (Tk.)

6396

6375

6413

After (Tk.)

6056

6149

6360

Before (Tk.)

12459

12410

12140

After (Tk.)

13004

12755

12225

Before (Tk.)

6063

6035

5727

After (Tk.)

6949

6606

5865

Before

1.95

1.95

1.89

After

2.15

2.07

1.92

Before (Tk.)

71088

70859

71280

After (Tk.)

67311

68351

70695

Before (Tk.)

138480

137941

134933

After (Tk.)

144545

141772

135886

Before (Tk.)

67392

67082

63653

After (Tk.)

77234

73420

65191

Before

1.95

1.95

1.89

After

2.15

2.07

1.92

Source: Authors’ estimation, 2015-16.
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Performing the sensitivity analysis, the profitability analysis of crop produced
per 10 decimal land was converted into per 0.45 ha land (average farm size of the
three categories of farmers) to check whether the intervention would beneficial to the
farmers if they used conservation agriculture practice to their entire cropland. It is
seen from table 5 that total cost per hectare would decrease to Tk. 67311, Tk. 68351
and Tk. 70695 from Tk. 71088, Tk. 70859 and Tk. 71280 in case of focal, proximal
and control farmers, respectively. Reduction in labour and fertilizer cost was the
major reason for declining in total cost. Gross return of focal, proximal and control
farmers would increase from Tk. 138480, Tk. 137941 and Tk. 134933, respectively
to Tk. 144545, Tk. 141772 and Tk. 135886, respectively; and therefore, net return
would increase to Tk. 77234, Tk. 73420 and Tk. 65191, respectively from Tk. 67392,
Tk. 67082 and Tk. 63653, respectively. BCR of focal, proximal and control farmers
would remain the same as calculated per 10 decimal land which clearly indicated that
crop production was more profitable in the study areas after adopting conservation
agriculture practice (Table 5). High market demand of organic and fertilizer free
products forced to increase in per unit price of output in the market was the major
reason of increasing the revenue of the farmers in the study areas. The result of the
study is a little bit similar with Dhaliwal and Singh (2004) where the authors
observed a significant decline in the cost of crop production due to less use of farm
machinery, labour and agro-chemicals; and higher yield due to less lodging of crop.
Average annual income of the sample farmers
Table 6 represents the money income earned by the farmers from different
sources in the study areas. Mainly, there were two sources of income: farm income
and non-farm income. Farm income included income from different agricultural
enterprises like crop (rice, vegetables, etc.), livestock (large animal i.e., cow, ox,
bullock, buffalo, goat, sheep, etc.; and small animal i.e., poultry, duck, pigeon, etc.),
fishery, agroforestry and others. Non-farm income included income from other
income generating activities except agriculture like small business, wage labour,
shopkeeping and others. It is apparent that average annual farm income of focal,
proximal and control farmers was increased by 9.3, 7.2 and 6.2 percent, respectively;
and average annual non-farm income increased by 10.1, 7.9 and 5.4 percent,
respectively. Overall, average annual income of focal, proximal and control farmers
increased by 9.6, 7.4 and 6.0 percent, respectively (Table 7). The results imply that
while before practicing conservation agriculture farmers earned Tk. 100 money
income, after practicing conservation agriculture focal, proximal and control farmers
earned about Tk. 110, Tk. 107 and Tk. 106 money income, respectively. Farmers
adopting conservation agriculture practice could save more time and money to invest
in other income generating activities compared to who are not adopting which
ultimately resulted in more money income in case of focal farmers in comparison
with proximal and control farmers.
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Table 6. Average annual income of the farmers
Farmers’ categories
Focal

Sources of income

Proximal

After
(Tk.)

Rice

28053

30196

7.6

28301

30121

6.4

Vegetables

33220

36406

9.6

32365

34726

Fruits

8602

9095

5.7

8759

9107

1675

2043

22.0

1786

8154

9285

13.9

8797

700

850

21.4

624

Farm
Agroforestry
income
Livestock
Fisheries
Others
Total farm income
Small
business

Nonfarm
Wage labour
income Shopkeeping

Change Before
(%)
(Tk.)

After
(Tk.)

Control

Before
(Tk.)

Change Before
(%)
(Tk.)

After
(Tk.)

Change
(%)

28379

30033

5.8

7.3

32992

35132

6.5

4.0

8621

8933

3.6

1995

11.7

1784

1938

8.6

9672

9.9

9132

9855

7.9

793

27.1

691

817

18.2

1859

2070

11.4

1852

2023

9.2

1940

2047

5.5

82263

89945

9.3

82484

88437

7.2

83539

88755

6.2

15611

17397

11.4

15667

17355

10.8

15609

16572

6.2

10318

10702

3.7

10098

10528

4.3

10356

10708

3.4

4500

4600

2.2

4633

4692

1.3

4396

4463

1.5

Others

7854

9458

20.4

8377

9271

10.7

8212

8913

8.5

Total non-farm
income

38282

42157

10.1

38775

41846

7.9

38573

40655

5.4

Total income

120545 132102

9.6

121259 130283

7.4

122112 129410

6.0

Source: Authors’ estimation, 2015-16.

Average annual expenditure of the sample farmers
Average annual expenditure of the farmers in the study areas is revealed in
table 7. The major sectors of farmers’ expenditure identified were food, clothes,
health services, house repairing, education, electricity/fuel, transportation, festivals
and miscellaneous items. The highest portion of farmers’ expenditure included food
consumption followed by expenditure on festivals and miscellaneous items. It is
found from table 7 that the rate of increase in average annual expenditure of focal,
proximal and control farmers was more or less similar (2.8, 3.0 and 3.2 percent,
respectively). The results entail that before adopting conservation agriculture practice
farmers’ expenditure was Tk. 100, and after adopting conservation agriculture focal,
proximal and control farmers’ expenditure were Tk. 102.8, Tk. 103 and Tk. 103.2,
respectively. In case of focal farmers, the cost of labour and input expense decreased
due to minimum tillage and less use of synthetic fertilizers; and, therefore, the
average annual expenditure of focal farmers was comparatively lower than proximal
and control farmers.
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Table 7. Average annual expenditure of the farmers
Farmers’ categories
Focal

Particulars

Proximal
Change Before
(%)
(Tk.)

After
(Tk.)

Control

Before
(Tk.)

After
(Tk.)

Change Before
(%)
(Tk.)

After
(Tk.)

Change
(%)

Food

54908

56095

2.2

54965

55897

1.7

54936

56079

2.1

Clothes

7041

7293

3.6

7005

7210

Health services

2696

2810

4.2

2812

2935

2.9

7080

7356

3.9

4.4

2886

3034

5.1

House repairing

3084

3207

4.0

3195

Education

3155

3253

3.1

3078

3335

4.4

3126

3262

4.3

3173

3.1

3126

3213

2.8

Electricity/fuel

3206

3333

4.0

3330

3504

5.2

3411

3575

4.8

Transportation

2468

2617

6.0

2805

2983

6.3

2798

2932

4.8

Festivals

14281

15086

5.6

14637

15516

6.0

14863

15672

5.4

Miscellaneous

20767

21089

1.6

20624

21241

3.0

20942

21614

3.2

Total
expenditure

111606 114782

2.8

112451

115794

3.0

113168 116737

3.2

Source: Authors’ estimation, 2015-16.

Difference-in-difference (DID) analysis
DID analysis was used to document the impact of conservation agriculture
practice on farmers’ average annual income and expenditure in case of both ‘before’
and ‘after’ adoption; and ‘with’ and ‘without’ adoption within focal, proximal and
control farmers. Table 8 represents the results of DID analysis for average annual
income and expenditure of the farmers in the study areas. It is seen that within focal
and proximal farmers, the DID estimated value of average annual farm income, nonfarm income, total income and total expenditure was Tk. 1729, Tk. 804, Tk. 2533 and
Tk. 167, respectively; within focal and control farmers it was Tk. 2466, Tk. 1793, Tk.
4259 and Tk. 393, respectively; and within proximal and control farmers it was Tk.
737, Tk. 989, Tk. 1726 and Tk. 226, respectively. The negative sign in case of
average annual expenditure indicates ‘decreased’ situation. In most of the cases, a
positive and statistically significant change is occurred which brings an indication
that adoption of conservation agriculture practice had a significant impact on average
annual income and expenditure of the farmers in the study areas. The result is slightly
supported by Kumar et al. (2011) where the authors identified significant economic
benefits in terms of income and wealth generation from a variety of conservation
agriculture practices.
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Estimation of DID analysis to evaluate impact on average annual income
and expenditure of the farmers

Particulars

Farm income

Non-farm income

Total income

Total expenditure

Farm income

Non-farm income

Total income

Total expenditure

Farm income

Non-farm income

Total income

Total expenditure

For focal and proximal farmers
Farmers’ categories
Focal
Proximal
Before (Tk.)
82263
82484
After (Tk.)
89945
88437
Difference (Tk.)
7682
5953
Before (Tk.)
38282
38775
After (Tk.)
42157
41846
Difference (Tk.)
3875
3071
Before (Tk.)
120545
121259
After (Tk.)
132102
130283
Difference (Tk.)
11557
9024
Before (Tk.)
111606
112451
After (Tk.)
114782
115794
Difference (Tk.)
3176
3343
Before (Tk.)
82263
83539
After (Tk.)
89945
88755
Difference (Tk.)
7682
5216
Before (Tk.)
38282
38573
After (Tk.)
42157
40655
Difference (Tk.)
3875
2082
Before (Tk.)
120545
122112
After (Tk.)
132102
129410
Difference (Tk.)
11557
7298
Before (Tk.)
111606
113168
After (Tk.)
114782
116737
Difference (Tk.)
3176
3569
Before (Tk.)
82484
83539
After (Tk.)
88437
88755
Difference (Tk.)
5953
5216
Before (Tk.)
38775
38573
After (Tk.)
41846
40655
Difference (Tk.)
3071
2082
Before (Tk.)
121259
122112
After (Tk.)
130283
129410
Difference (Tk.)
9024
7298
Before (Tk.)
112451
113168
After (Tk.)
115794
116737
Difference (Tk.)
3343
3569

Source: Authors’ estimation, 2015-16.
Note: Figures within the parentheses indicate p-value.
***, ** and * indicate significant at 1, 5 and 10 percent level.

Difference
-221
1508
1729 (0.0095***)
-493
311
804 (0.1285)
-714
1819
2533 (0.0936*)
-845
-1012
-167 (0.1428)
-1276
1190
2466 (0.4316)
-291
1502
1793 (0.0820*)
-1567
2692
4259 (0.0024***)
-1562
-1955
-393 (0.0276**)
-1055
-318
737 (0.9100)
202
1191
989 (0.1378)
-853
873
1726 (0.0748*)
-717
-943
-226 (0.0090***)
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Ravallion test result
The comparison of average annual income and expenditure among the groups
of farmers is estimated by Ravallion test which is represented in table 9. Average
annual farm income, non-farm income and total income of focal farmers after
adopting conservation agriculture practice were increased by Tk. 1508, Tk. 311 and
Tk. 1819, respectively compared to proximal farmers; and by Tk. 1190, Tk. 1502 and
Tk. 2692, respectively compared to control farmers. In case of proximal farmers,
average annual non-farm income and total income were increased by Tk. 1191 and
Tk. 873, respectively in comparison with control farmers but average annual farm
income was decreased by Tk. 318. It is also experienced that average annual
expenditure of focal farmers compared to proximal and control farmers was
decreased by Tk. 1012 and Tk. 1955, respectively where it was decreased by Tk. 943
in case of proximal farmers compared to control farmers. Most of the values were
statistically significant indicating a positive and noteworthy improvement on income
and expenditure of the farmers after adopting conservation agriculture practice in the
study areas. The result is quite similar with Nguema et al. (2013) where the authors
found that specific cover crops, crop rotations and reduced tillage designed to reduce
soil erosion and increase soil organic matter led to increased incomes for farm
households in a time period of two years.
Table 9.

Ravallion test result to compare average annual income and expenditure
of the farmers
(in Tk.)
For focal and proximal farmers

Particulars
Farm income

Farmers’ category
Focal

Proximal

Change

t-value

p-value

89945

88437

1508

2.96

0.0031***

Non-farm income

42157

41846

311

1.82

0.0867*

Total income

132102

130283

1819

0.16

0.6930

Total expenditure

114782

115794

-1012

2.36

0.0484**

Farm income

89945

88755

1190

1.69

0.0632*

Non-farm income

42157

40655

1502

1.25

0.5317

Total income

132102

129410

2692

2.13

0.0322**

Total expenditure

114782

116737

-1955

1.42

0.3983

Farm income

88437

88755

-318

0.14

0.4219

Non-farm income

41846

40655

1191

1.30

0.2580

Total income

130283

129410

873

1.95

0.0833*

Total expenditure

115794

116737

-943

1.79

0.0904*

Source: Authors’ estimation, 2015-16.
Note: ***, ** and * indicate significant at 1, 5 and 10 percent level.
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Expenditure elasticity
Expenditure elasticity is measured as proportional change in expenditure with
respect to proportional change in income, remaining other factors constant. Table 10
expresses that expenditure elasticity of focal, proximal and control farmers was 0.31,
0.44 and 0.58 percent, respectively; which means that with 1 percent increase in
income, expenditure of focal, proximal and control farmers were increased by 0.31,
0.44 and 0.58 percent, respectively when other internal and external factors held
constant. The result implies that if the farmers of the study areas could increase their
money income by Tk. 100, the expenditure would be increased by Tk. 31, Tk. 44 and
Tk. 58 in stare of focal, proximal and control farmers, respectively after adopting
conservation agriculture practice, keeping other influencing factors the same.
Table 10. Estimation of expenditure elasticity
Income (Tk.)

Expenditure (Tk.)

Farmers’
categories

Before

After

Change

Before

After

Change

Expenditure
elasticity (%)

Focal

120544

132101

11558

111606

114782

3175

0.31

Proximal

121259

130283

9024

112451

115794

3343

0.44

Control

122113

129211

7099

113168

116737

3569

0.58

Source: Authors’ estimation, 2015-16.

Multidimensional poverty index (MPI)
Poverty situation and livelihood condition of the farm households are evaluated
on the basis of three poverty dimensions: health (weighted indicators: nutrition and
child mortality), education (weighted indicators: years of schooling and child
enrolment) and living standards (weighted indicators: cooking fuel, sanitation, water,
electricity, floor and assets). It is found from tables 11, 12 and 13 that the percentage
of deprived focal, proximal and control households was 21.7, 32.8 and 45.1 percent,
respectively; and the percentage of privileged focal, proximal and control households
was 78.3, 67.2 and 54.9 percent, respectively. The households were deprived or
privileged of all the indicators of a single dimension or at a combination of the
indicators across dimensions. The reason for a better livelihood condition of focal
farmers by practicing conservation agriculture was that farmers employed their saved
labour in other works and earned extra money income. Also, money saved from
reduced use of synthetic fertilizers and pesticides were used in other livelihood
activities. Crops free of synthetic fertilizers and pesticides as well as organic crops
had a huge demand in the market and accordingly the farmers earned a notable
amount of money by selling these products. This result is quite similar with Tshuma
et al. (2012) where the authors found that conservation agriculture practice extended
the range of livelihood on a limited scale through improved yields and income.
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Table 11. Multidimensional poverty index (MPI) for focal farmers
Study areas
Mymensingh
Indicators

6
(N=10)

Bogra

Tangail
Sherpur
Average household size
5
5
6
(N=10)
(N=10)
(N=10)

Jamalpur
7
(N=10)

Weights

No. of households deprived (√) or privileged (×) of the indicators

No one has completed
five years of schooling
At least one school-age
child not enrolled in
school

√

×

√

×
√
Education

6/10

4/10

3/10

7/10

0/10

10/10

1/10

9/10

×

√

×

√

×

4/10

6/10

2/10

8/10

4/10

6/10

1/6

1/10

9/10

0/10

10/10

0/10

10/10

1/6

Health
At least one member is
malnourished
One or more children
have died
No electricity
No access to clean
drinking water
No access to adequate
sanitation
House has dirt floor
Household uses ‘dirty’
cooking fuel (dung,
firewood or charcoal)
Household has no car
and owns at most one
bicycle, motorcycle,
radio, refrigerator,
telephone or television
Score of the households
Intensity of poverty (%)

0/10

10/10

2/10

8/10

0/10

10/10

0/10

10/10

0/10

10/10

1/6

2/10

8/10

0/10

10/10

0/10

10/10

0/10

10/10

1/10

9/10

1/6

0/10

10/10

0/10

Living standards
10/10 1/10 9/10

3/10

7/10

0/10

10/10

1/18

0/10

10/10

0/10

10/10

0/10

10/10

0/10

10/10

0/10

10/10

1/18

2/10

8/10

3/10

7/10

3/10

7/10

2/10

8/10

2/10

8/10

1/18

1/10

9/10

0/10

10/10

0/10

10/10

0/10

10/10

1/10

9/10

1/18

10/10

0/10

10/10

0/10

10/10

0/10

10/10

0/10

10/10

0/10

1/18

10/10

0/10

10/10

0/10

10/10

0/10

10/10

0/10

10/10

0/10

1/18

0.261 0.739 0.228 0.772 0.217 0.783
Deprived households
21.7

0.172

0.828 0.211 0.789
Privileged households
78.3

-

Source: Authors’ estimation, 2015-16.
Note: Score of deprived households in Mymensingh district = (6/10 × 1/6) + (0/10 × 1/6) + ( 0/10 × 1/6) + (2/10 ×
1/6) + (0/10 × 1/18) + (0/10 × 1/18) + (2/10 × 1/18) + (1/10 × 1/18) + (10/10 × 1/18) + (10/10 × 1/18) = 0.261
Score of privileged households in Mymensingh district = (4/10 × 1/6) + (10/10 × 1/6) + ( 10/10 × 1/6) + (8/10 × 1/6)
+ (10/10 × 1/18) + (10/10 × 1/18) + (8/10 × 1/18) + (9/10 × 1/18) + (0/10 × 1/18) + (0/10 × 1/18) = 0.739
Score of deprived or privileged households of other districts is calculated accordingly.
Deprived households (%) = [{(0.261 × 6) + (0.228 × 5) + (0.217 × 5) + (0.172 × 6) + (0.211 × 7)} ÷ (6 + 5 + 5 + 6 +
7)] × 100 = 21.7%
Privileged households (%) = [{(0.739 × 6) + (0.772 × 5) + (0.783 × 5) + (0.828 × 6) + (0.789 × 7)} ÷ (6 + 5 + 5 + 6 +
7)] × 100 = 78.3%
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Table 12. Multidimensional poverty index (MPI) for proximal farmers
Study areas
Mymensingh

Bogra

Tangail

Sherpur

Jamalpur

5
(N=20)

5
(N=20)

Average household size
Indicators

6
(N=20)

6
(N=20)

4
(N=20)

Weights

No. of households deprived (√) or privileged (×) of the indicators
√

√

×

√

×

×

√

×

√

×

Education
No one has completed
five years of schooling

12/2
0

8/20

12/20

8/20

13/2
0

7/20

12/20

8/20

13/20

7/20

1/6

At least one school-age
child not enrolled in
school

6/20

14/20

6/20

14/20

7/20

13/20

8/20

12/20

7/20

13/20

1/6

Health
At least one member is
malnourished

4/20

16/20

4/20

16/20

3/20

17/20

4/20

16/20

4/20

16/20

1/6

One or more children
have died

0/20

20/20

0/20

20/20

0/20

20/20

0/20

20/20

0/20

20/20

1/6

No electricity

2/20

18/20

2/20

18/20

2/20

18/20

4/20

16/20

3/20

17/20

1/18

No access to clean
drinking water

0/20

20/20

0/20

20/20

0/20

20/20

0/20

20/20

0/20

20/20

1/18

No access to adequate
sanitation

4/20

16/20

3/20

17/20

3/20

17/20

4/20

16/20

5/20

15/20

1/18

House has dirt floor

3/20

17/20

2/20

18/20

4/20

16/20

2/20

18/20

3/20

17/20

1/18

Household uses ‘dirty’
cooking fuel (dung,
firewood or charcoal)

20/2
0

0/20

20/20

0/20

20/20

0/20

20/20

0/20

20/20

0/20

1/18

Household has no car
and owns at most one
bicycle, motorcycle,
radio, refrigerator,
telephone or television

20/2
0

0/20

20/20

0/20

20/20

0/20

20/20

0/20

20/20

0/20

1/18

Score of the households

0.32
0

0.680 0.315 0.685 0.331 0.669

0.340

0.660 0.341 0.659

Living standards

Intensity of poverty
(%)

Deprived households

Privileged households

32.8

67.2

Source: Authors’ estimation, 2015-16.

-
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Table 13. Multidimensional poverty index (MPI) for control farmers
Study areas
Mymensingh

Bogra

Tangail

Sherpur

Jamalpur

6
(N=30)

4
(N=30)

Average household size
Indicators

5
(N=30)

7
(N=30)

6
(N=30)

Weights

No. of households deprived (√) or privileged (×) of the indicators
√

√

×

√

×

×

√

×

√

×

Education
No one has completed
five years of schooling

22/30

8/30

20/30

10/30 21/30

9/30

1/6

At least one school-age
child not enrolled in
school

19/30 11/30 16/30 14/30 18/30 12/30

19/30

11/30 17/30 13/30

1/6

8/30

19/30 11/30 22/30

Health
At least one member is
malnourished

11/30 19/30 16/30 14/30 13/30 17/30

11/30

19/30 15/30 15/30

1/6

One or more children
have died

0/30

30/30

0/30

30/30

0/30

30/30

0/30

30/30

1/6

No electricity

8/30

22/30

7/30

23/30 10/30 20/30

10/30

20/30

8/30

22/30

1/18

No access to clean
drinking water

2/30

28/30

2/30

28/30

0/30

30/30

4/30

26/30

3/30

27/30

1/18

No access to adequate
sanitation

4/30

26/30

6/30

24/30

6/30

24/30

5/30

25/30

7/30

23/30

1/18

House has dirt floor

12/30 18/30 13/30 17/30 10/30 20/30

12/30

18/30 11/30 19/30

1/18

Household uses ‘dirty’
cooking fuel (dung,
firewood or charcoal)

30/30

0/30

30/30

0/30

30/30

0/30

30/30

0/30

30/30

0/30

1/18

Household has no car
and owns at most one
bicycle, motorcycle,
radio, refrigerator,
telephone or television

30/30

0/30

30/30

0/30

30/30

0/30

30/30

0/30

30/30

0/30

1/18

Score of the households

0.449 0.551 0.448 0.552 0.455 0.545

0.447

0.553 0.460 0.540

30/30

0/30

Living standards

Intensity of poverty (%)

Deprived households

Privileged households

45.1

54.9

-

Source: Authors’ estimation, 2015-16.

CONCLUSIONS AND POLICY RECOMMENDATIONS
The study concludes that conservation agriculture as a new resource saving
farming practice was appreciated and successfully adopted by the farmers. Farmers
had been given knowledge and training on different aspects of conservation
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agriculture practice. It is also found that cost of crop production was relatively lower
and return from production was comparatively higher in conservation agriculture
practice than conventional agriculture practice. It is also revealed that farmers’
income was increased and expenditure was decreased through adopting conservation
agriculture practice. Farmers got higher price for their product free from poisonous
medicine and synthetic fertilizers. This practice helped the farmers to minimize their
labour and other input cost. The study also indicates that poverty in terms of
deprivation of health, education and living standards was decreased; and overall
livelihood circumstances was improved adopting conservation agriculture practice.
Considering the findings of the study, some essential policy recommendations have
been arisen which are: input support, motivation and extension services of
government should be properly implemented to raise the awareness about practicing
conservation agriculture and its importance on crop production. Also, initiative for
scientific and technical training programmes should be arranged by different
government and non-government organizations to enrich the knowledge of the
farmers on conservation agriculture practice.
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In Bangladesh, about 1.5 million hectares out of 2.85 million hectares of
coastal and off-shores land is affected by different degrees of salinity (Murshed et al.,
2008). Salinity imposes both osmotic and ionic stresses on plant (Davenport et al.,
2005). The rapid onset of osmotic stress, which is associated with low water potential
and show little genotypic variation (Munns, 2002). In contrast, ionic stress related
growth inhibition appears slowly with a catastrophic nature and show substantial
genotypic variation. It is associated with excess accumulation of toxic ions,
particularly Na+ (Munns and Tester, 2008). In this context, a mechanism needs to be
develop for salt tolerant rice genotype, and understand the physiological mechanisms
responsible for salinity tolerance, particularly Na+.
A laboratory experiment was conducted at the Plant Tissue Culture Laboratory
and Plant Physiology Laboratory in the Department of Crop Botany of Bangladesh
Agricultural University (BAU), Mymensingh to investigate uptake and distribution of
sodium (Na+) in different organs of two rice genotypes under salinity condition.
Seeds of rice cultivars BR-29 and Pokkali were obtained from Bangladesh Rice
Research Institute, Gazipur. Surface sterilized seeds were germinated on water
soaked filter paper and seedlings were grown hydroponically in Haogland’s solution
(Murshed et al., 2008) at a temperature of 25oC, relative humidity of 60% and
photoperiod of 16 h (700 µmol m-2 s-1). The treatment solutions consisted of NaCl (0
and 100 mM). A completely randomized design was used with three replications. The
relative water content (RWC) values were calculated according to the formula of
Barrs (1968). Leaf chlorophyll was measured according to the methods as described
by Murshed et al. (2008). Sodium ion (Na+) and Potassium ion (K+) determination
according to Murshed et al. (2008). Analysis of variance was calculated using the
computer software program MSTATC. The mean differences were evaluated by
Duncan’s Multiple Range Test (Table 1).
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Table 1. Effect of salinity (100 mM NaCl) on dry matter yield of two rice genotypes
Genotype

Pokkali
BRRI dhan29

NaCl
(mM)

Dry matter yield (mg)
Root

Shoot

0
100
0
100

2.81a
2.45c
2.65b
2.20d

20.61a
16.93b
15.60c
10.63d

R/S*

0.136
0.145
0.170
0.207

In a column, figures having common letter(s) do not differ significantly at 5% level of significance as
per DMRT.* Data are derived from 3rd and 4th column.

The cultivar Pokkali produced greater dry matter yield than BRRI dhan 29 at
100 mM NaCl and also high R/S in BRRI dhan 29 indicated that shoot growth was
inhibited more than root growth fo same concentration. The relative water content
(RWC) in tolerant genotype (Pokkali) ranged from 74 to 86%. In contrast, the
sensitive genotype (BRRI dhan 29) ranged from 53 to 85%. In case of Pokkali
(tolerant), total chlorophyll content decreased by 37.7% at 100 mM NaCl while it
was 62% in BRRI dhan 29 as compared to control. The result also indicated that
tolerant genotype restricts the chlorophyll damage more effectively than the sensitive
one.
Except leaf sheath, the Na+ concentration in roots stem and leaf blade was
higher BRRI dhan 29 than in pokkali (Table 2) and also showed that Na+ increase
was accompanied by a decrease in the K+ concentration, indicating an apparent
antagonism between Na+ and K+. Salinity increased Na+/K+ ratio both in roots and
shoots of the stressed seedlings (Table 3). BRRI dhan 29 had higher Na+ / K+ ratio in
shoots than in Pokkali, indicating that the tolerant rice plant transports less Na + from
roots to shoots and maintains a high Na+/K+ ratio in its root tissues. The accumulated
Na+ was same both in Pokkali and BRRI dhan 29 under non-saline condition. The
total (root + shoot) amount of Na+ (5.56) uptake by BRRI dhan 29 was greater than
that in Pokkali (5.19) at 100 mM NaCl stressed condition. The descending order of
Na+ / K+ ratio in BRRI dhan 29 was leaf blade > leaf sheath > stem whereas it was
stem > leaf sheath > leaf blade in Pokkali. The results indicated that the tolerant
genotype (Pokkali) efficiently excluded Na+ from the leaf blade. In the present study,
root biomass yield was less affected than shoots. It means that shoots are more
vulnerable than roots. Similar result was observed by Munns (2002). The reduction
of shoot biomass was significantly higher in BRRI dhan 29 than in Pokkali. Actually,
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decrease in RWC in leaf increased osmotic stress that leads to close stomata (Shabala
et al., 2005). As a result, CO2 is limiting to the salinity stressed seedling and reduced
biomass yield (Moradi and Ismail, 2007). According to Dionisio-Sese and Tobita
(2000), salt tolerance in rice is associated with decreased shoot (stem + leaf sheath +
leaf blade) Na+ accumulation. Our results are also in agreement with the statement.
High (100 mM) Na+ concentration in the culture solution strongly inhibited
acquisition and distribution of K+ in the present study (Table 2). This antagonism
may be due to the direct competition between Na+ and K+ at the site of ion uptake in
the plasmalemma of roots.
Table 2.

Effect of salinity (100 mM NaCl) on Na+ and K+ uptake and distribution
(mg g-1DM) in different parts of rice seedlings

Genotype

Pokkali
BRRIdhan29

NaCl
(mM)

Root
+

Stem
+

+

Leaf sheath
+

+

+

Leaf blade

Na

K

Na

K

Na

K

Na+

K+

0

0.23c

2.44a

0.26c

4.80a

0.26c

6.81a

0.17c

8.98a

100

0.71b

0.43c

1.31b

1.45c

2.39a

5.01b

0.78b

4.19b

0

0.21d

2.41a

0.31c

4.37a

0.29c

7.21a

0.11c

3.84b

100

0.81a

0.87b

1.75a

3.81b

1.44b

2.32c

1.56a

2.19c

In a column, figures having common letter(s) do not differ significantly at 5% level of significance as
per DMRT*.

Table 3.
Genotype

Pokkali

BRRI
dhan29

Effect of salinity (100 mM NaCl) on Na+: K+ in different parts of rice
seedlings. Data are derived from table 2.
NaCl
(mM)

Root
(Na+/K+)

0
100
0
100

Shoot
(Na+/K+)

Stem
(Na+/K+)

Leaf sheath
(Na+/K+)

Leaf blade
(Na+/K+)

0.054
0.903
0.070
0.459

0.038
0.477
0.040
0.621

0.018
0.186
0.028
0.712

0.033
0.420
0.046
0.570
0.094
1.651
0.087
0.931
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Results revealed that salt tolerant variety (Pokkali) produced higher dry matter
than salt sensitive one (BRRI dhan 29) which was related to relative water content,
Na+ and K+ content in root, stem, leaf blade and leaf sheath and chlorophyll in the
leaf. In contrast, Na+ content both in root and shoot was higher in BRRI dhan 29
than in Pokkali. Salt sensitive variety translocates more Na+ from roots to shoots
while the salt tolerant variety associated with low Na+ accumulation in shoots,
especially in leaf blade. Hence, lower Na+ / K+ ratio in leaf blade (shoot) of salt
tolerant variety may be an important feature associated with physiological tolerance
to salinity.
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Bangladesh is an agro-based country and now the agriculture is not only confined in
production. In our country, agriculture has become commercialized. Continuous
production and a sufficient supply of raw materials are essential for establishing
business in agriculture. The availability of raw materials, along with price and
quality, is the prime concern for this sector, as mentioned by Connor et al. 1985. For
this reason, different vegetables are produced for commercial purpose. Among them
lettuce (Lactuca sativa L.) is very popular. The yield of lettuce is 10887 kg per
hectare and the gross margin is Tk. 205284 per hectare (Afroj et al., 2013). Day by
day the consumption of lettuce is increasing specially in urban areas. Though the
demand of lettuce is increasing but the produced lettuce is not properly reached to the
urban areas for the lack of proper marketing channel. Now the farmers produce it in
huge quantity and it is usually grown in winter season but it can be grown round the
year. Lettuce is a fat free, low calorie food and is good for a well balanced diet. It
contains huge amount of vitamin A and folic acid which is very beneficiary for
health. Considering the above facts, the present study was undertaken (i) to know
about consumer attitude and knowledge about lettuce,(ii) to know about the present
market situation of lettuce and (iii) identify the opportunities and constraints of the
market expansion process of lettuce.
Gulshan and Banani areas in Dhaka were selected as in these areas where fast
food shops are flourished and lettuce leaves consumption more in these areas.
Interviews of the retailers at Kawranbazar, Gulshan, New market vegetable Bazaar
and middlemen in Savar, Dhaka were also taken. Purposive sampling technique was
adopted for data collection (Table1). The technique is widely adopted in market
research for qualitative assessment. The information is collected based on long
informal interviews with the actors, physical visits to their work places and group
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discussions. Also, adopt snowballing technique to track the trail of the product in the
value chain and understand the vertical and horizontal relationships, the constraints
and the opportunities.The study was mainly based on primary data collected through
face to face interview during the month of January to March, 2014. Descriptive
statistics were used to analyze the data.
Table 1. Respondents in the Primary Survey

Traders

Consumers

Actors

Number of Respondents

Middleman

05

Whole sale and Retailers

91

Fast Food
restaurants

Shop

and

Chinese

193

Star hotels

21

Importers

05

Consume the produce

250

Total

565

The findings of summary showed that majority (78.70 %) of the respondents
were of young ages. Among the respondents educational status has good about 73.3
% achieved higher education or more. In terms of occupation 44 % respondents were
job holder and other respondents were businessman or related to other occupation
(Table 2)
Table 2. Socio-economic characteristics of respondents
Characteristics
Age

Level of literacy

Occupation

Categories

Percentage

Young (Up to 35 years)

78.7

Middle age (36-50 years)

18.5

Old (51 and above)

2.80

Illiterate (0)

6.20

Primary literacy (I-V)

1.50

Secondary literacy (VI-X)

19.00

Higher Secondary literacy (XI and above)

73.30

Businessman

17.00

Job holder

44.00

Others

39.00
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Our field survey revealed that 96% vegetable sellers know about lettuce and
out of them 97% sold lettuce in the market. From table 3, it showed that, 86%
percent sellers sold lettuce at Taka 50-100 , while 9 and 5% sold at Taka101-150 and
Taka 151-300, respectively . Besides, 250 g lettuce is sold in the market with 68%
while 250 g to 500g lettuce is sold with 18% and the lowest amount is sold at 750 to
1000 g with only 5%.
Considering availability of lettuce leave all the year round, 65% sellers
considered that lettuce may be collected from vegetable market while 24% and 11%
sellers collected from regional producers and import companies (Table 3).
Table 3. Selling price, amount and collection of lettuce
Price of lettuce (Taka)

Percentage of seller

50-100

86

101-150

9

151-300

5

Amount of lettuce sold
Amount

Percentage

0-250 g

68

250-500 g

18

500-750 g
9
5

750-1000g
Collection of lettuce by the sellers
Source

Percentage

Vegetable market

65

Regional producers

24

Import companies

11

There is limited number of star hotels in our country, but they need continuous
supply of lettuce all the year round but due to scarcity they meet up their demand
through importing lettuce from foreign countries. Our field survey revealed that the
star hotels import lettuce from mainly Thailand and China. It was also found that
about 86% star hotels get supply of lettuce all the year round and more than 90% star
hotels buy more than 2 kg lettuce per day. They usually buy leafy, iceberg and
romaine type’s lettuce (Table 4).
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Table 4. Compares between Star Hotels and Fast food Shop in this sector
Characteristics

Star hotel

Fast food Shop

Source

Local Supply, Imported

Mainly local supply

Consumer

Upper class, Foreigner

Mainly fast food lover

Types
Purpose

Leafy,
lettuce

Demand

With salad & for decoration

With fast food like burger

All the year round

All the year round

Amount

Large amount

Small amount

Quality

Ensure good quality always

Quality is not maintained always

Iceberg,

Romaine

Leafy lettuce

About 62% consumers belong to fast food lover and upper class, 21% foreigner
and rest 17% others. About 77% lettuce used as salad and with fast food in the star
hotels and rest amount used as decorative purpose. From market survey it was found
that about ninety 98% fast food shop and restaurant buy lettuce. Among them about
86% fast food shop and Chinese restaurant meet up their lettuce demand from
vegetable market and rest of them buy from supplier or other source like producer.
It was revealed from survey that the price of lettuce varies from season to
season. In winter season the price remains low but in other season the price becomes
high. From figure 1 it showed that the price of iceberg lettuce is relatively higher
than leafy lettuce. On the other hand in winter season the price is relatively lower
than the other season. About 65% lettuce buy by fast food shop and Chinese
restaurant whereas less than Taka 50.00 in winter season whereas others buy more
than Taka 50.00 in same season. It showed that 84.42% buy lettuce by fast food shop
and Chinese restaurant whereas more than 70% buy lettuce at two days interval.
From figure 2 it observed that about 42% fast food and restaurant buy 250 gm lettuce
per day whereas 13.3% more than 1 kg per day only one restaurant situated in
Gulshan-1, Dhaka and they buy lettuce about 10-12 kg per day.
From field survey it was found that about 86% fast food shop keepers and
Chinese restaurants considered that demand of lettuce exists all the year round as
they use lettuce with fast food (81%) as salad and both salad and decorative purpose
in restaurant. In Bangladesh 100% star hotels have showed interest to buy lettuce if
ensure quality.
To preserve lettuce for long time is quite difficult. The market survey revealed
that 90% vegetable sellers can preserve lettuce up to 36 hours after applying water
time to time while 10% can store up to 8-12 hours. In case of refrigerator,
preservation time may be extended up to 5-7 days (66%), 3-4 days (32%) and 1-2
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days (2%). In our country labor cost is relatively cheaper and available so lettuce can
be grow with low investment. But highest cost was incurred for human labor in case
of lettuce cultivation which indicates that lettuce is a labor intensive crop (Afroj et
al., 2013)

Figure 1. Market price of lettuce

Figure 2. Buying percentage of lettuce at different amount
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Maximum consumers were agreed that this sector has a great future in
Bangladesh. Lettuce is the only leafy vegetables that can be consumed as main
component of salad. There are some leaves such as coriander, pudina but not
consumed as a main component, but only leaves add value in salad.
The study indicated that lettuce has higher demand among the customers
especially among the city dwellers. So there is also a bright prospect for expanding
lettuce cultivation because of its nutritional value and high income generating
potentials. This study has identified the market of lettuce and its price. The study
identified some major problems and constraints which were faced by the marketers
and as well as showed some opportunities of lettuce. The policy makers should,
therefore, take necessary steps and measures to solve the existing problems of the
lettuce marketing and they should take some policy to improve its marketing.
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Dissertation
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Software and Software Documentation
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Online publication
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Tables
1.
Each table must be typed on a separate sheet (not to be included in the text) and
numbered consecutively in the same order as they mentioned in text.
2.

The title should fully describe the contents of the table and explain any symbol
or abbreviation used in it as a footnote, using asterisks or small letters viz. a, b,
etc.

3.

Tables should be self-explanatory, not very large (< 10 columns in portrait and
<14 columns in landscape formats respectively) and may cover space up to 2025% of the text.

4.

Maximum size of table acceptable is that can be conveniently composed within
one full printed page of the journal. The large sized tables should be suitably
split into two or more small tables.

5.

Standard abbreviations of units of different parameters should be added
between parentheses.

6.

The data in the tables should be corrected to minimum place of decimal so as to
make it more meaningful.

7.

Vertical lines should not be used to separate columns. Similarly, horizontal
lines should be used only where these are necessary, not in the body of the
article.
All tables should be tagged with the main body of the text i.e. after references.

8.

Figures
1.
Figures may be given in place of tables where a large number of values are
presented that can be interpreted through figures. In no case the same data
should be presented in both tables and figures.
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2.

Originals of the figures should be no larger than twice the final size, of good
quality and printed clearly in black on plain white paper or in color. The figures
may be sized to fit within the columns of the journal (8 cm width for single
column or 17 cm for columns i.e. full page).

3.

Lines should be bold enough to allow the figure to be reduced to either single
or double column width in the journal.

4.

Black and white photographs are also accepted if these are necessary to
improve the presentation and quality of the article.

Some useful hints
1.
All scientific or technical names as well as all data and facts must be rechecked
carefully before submitting the manuscript.
2.

Dates and years may be mentioned as 28 May 2007, 28 May to 7 June, and 2830 May instead of May 28, 2007, 28 May-7 June, and 28 to 30 May,
respectively.

3.

Avoid numerals and abbreviations at the beginning of a sentence; spell out or
change the word order if necessary.

4.

A comma may be used for data in thousands or more such as 10,000 or
2,30,000 etc. Alternatively, these data can also be presented as 10.0 or 230.0 if
a common expression such as „ x103‟ is used in tables or figures. Avoid
expressing data in „lakhs‟, instead use „thousand‟ or „million‟.

5.

Only standard abbreviations should be used and these should invariably be
explained at first mention. Avoid use of self-made abbreviations such as
Rhizo., Azo., buta, isop. etc. for Rhizobium, Azotobacter, butachlor,
isoproturon, respectively.

6.

For names of plant protection chemicals, the first letter of the name need not be
capitalized for scientific names but should be capitalized for trade names. All
the names should be checked very carefully.
Use of unnecessary abbreviations and treatment symbols such as T1, T2 etc.
under Materials and Methods or tables without actually using these under
Results and Discussion should be avoided.

7.

8.

9.

10.

All weights and measurements must be in SI or metric units. Use kg ha-1, or t
ha-1 but not q ha-1. Do not follow the style g/ha, mg/kg, mg/l, mg/g, ml/l or g
per ha, etc
Use % after numbers, not per-cent, e.g. 7%. In a series or range of
measurements, mention the units only at end, e.g. use 30, 100, 170 and 300C;
20 or 30% more instead of 30C, 100C, 170C and 300 °C; 20% or 30% more.
Numeral should be used whenever it is followed by a unit measure or its
abbreviations e.g. 1 g, 3 m, 5 h, 6 months etc. Otherwise, words should be used
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for numbers one to nine and numerals for larger ones except in a series of
numbers when numerals should be used for all in the series.
11.

For the composition of fertilizers, manures, crops or soil, the elemental forms
(K, P, Mg etc.) should be used and not the oxides.

12.

Statistical analysis of data in the standard experimental design should be sound
and complete in itself with both ±SE (Standard Error of means) and CD
(Critical Difference) or LSD (Least Significant Difference) (P=0.05) values
given for comparison of treatment means in tables and figures.

13.

Use multiplication sign (×) not a alphabet x for indicating multiplication,
crossing, etc

