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ABSTRACT 

Persistence is an important characteristic of herbicide affecting efficacy and carryover to 
subsequent crops. The period during which the pesticide remained intact and biologically active has 
great practical importance in determining how well it performs its intended task in soil. It is also called 
as time of residence of chemical in soil and is measured in terms of half life. A field study was 
conducted to determine persistence of oxyfluorfen residue in different soils under different soil moisture 
regime. Under the influence of moisture regimes higher persistence of oxyfluorfen was observed in 
Chamarajanagar soil followed by Shimoga and Mandya soils. Increased degradation of oxyfluorfen was 
observed with increased moisture content from 50 per cent soil moisture status, maximum water 
holding capacity to submergence. Half life found to be increased with decreased moisture and was in 
the order of 50 per cent maximum water holding capacity > maximum water holding capacity > 
submergence. 
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In India, agriculture is the one of the 
important sector in terms of revenue and employment 
generation. The yield losses due to weed infestation in 
any crop may be as high as16–90 per cent (Kropff, 
1993). In the present scenario weeding during critical 
growth stages is not possible due to increased cost 
and scarce availability of human labour. This 
necessitates the use of herbicides. Several herbicides 
are available in market to control weeds in crop. 
Oxyfluorfen is one among them which is effective on 
annual broadleaf and grassy weeds in rice (Kidd and 
James, 1991). Oxyfluorfen is pre-emergent contact 
herbicide belongs to diphenyl ether group.  

On the other side, there is an increasing concern 
about the persistence of pesticide residues in soils, 
crop produce and water. The persistence of herbicide 
depends on number factors like edaphic and climatic 
conditions as well as properties of chemical itself. 
The effects of soil temperature and moisture on 
herbicide degradation are straight forward and the 
microbial and chemical degradation are enhanced 
with increased temperature and moisture. Degradation 
of many herbicides follows first order kinetics, 
meaning that the rate of degradation is proportional to 
the herbicide concentration (Brar et al. 2006). In 
particular, herbicide mobility, rate of degradation and 
solubility govern their potentiality to contaminate soil 
and water from different routes (USEPA, 1992).  On 
the contrary longer persistence of Oxyfluorfen in soil 
phase due to its low water solubility (0.116 mg/lit), 
vapour pressure (2 x 10-6 mm Hg) and high soil 
organic carbon sorption coefficient (K oc) (100000 
ml/g) indicates a potential risk for oxyfluorfen usage 
in aerobic rice. More over studies on persistence and 

degradation of oxyfluorfen in soil under different soil 
moisture regime is limited.  
 

MATERIAL AND METHODS 

A laboratory experiment was conducted to study 
the persistence and degradation of oxyfluorfen under 
different mo isture regimes in soils of Mandya, 
Shimoga and Chamarajanagar. The physico chemical 
properties of soils are given in the table 1. 
     For twenty gram of each air dried soil samples, 
formulation grade oxyfluorfen was added at the rate 
of 10 μg g-1 in acetonitrile and shaken for 10 
minutes. The soil was then air dried to evaporate the 
traces of solvent. One set of bottles were maintained 
at 50 percent maximum water holding capacity, other 
at maximum water holding capacity and the other set 
of test tubes at 2 cm submergence . The moisture 
level during incubation of soil was maintained 
replenishing water loss due to evaporation once in 
every three days. Three replications per treatment 
were maintained. The samples were periodically 
analysed for residues of oxyfluorfen at 0, 5, 10, 20, 
30, 45, 60 and 90 days after treatment. 

EXTRACTION 

        Twenty gram soil was extracted with 40 ml 
methanol in a mechanical shaker for 30 min and then 
centrifuged for 5 min at 3000 rpm, 20ºc and filtered 
through buckner funnel with light suction. The 
sample was re extracted once more with 40 ml 
methanol. The two liquid fractions were then 
combined in a separatory funnel added with 20 ml 
distilled water, 10 ml 1 N HCl and 50ml 
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dichloromethane and extracted twice. The organic 
phase was drained through glass funnel containing 0.5 
g anhydrous sodium sulphate and filtrate was 
collected in round bottom flask. The filtrate was 

evaporated to dryness on rotary evaporator at 30º C 
and dissolved in acetonitrile, transferred to a glass 
vial and analyzed using  HPLC(Gennari et al, 1990). 

INSTRUMENT 

        The HPLC system consisted of Waters 1525 
binary HPLC pump with dual wavelength absorbance 
detector. The column was a RP 18 stainless steel (4.6 
× 250mm) analytical column. The injection volume of 
standard and samples was 20 µL and flow was set at 
0.8ml/min. the analysis was carried out at 205nm at 

ambient temperature using acetonitrile/water (2:1) as 
mobile phase (Scrano et al, 2004). Quantification of 
oxyfluorfen residue was accomplished by comparing 
the peak area response for sample with peak area of 
the standard by using the following formula. 

 

Oxyfluorfen (mg kg-1) = 
(As) (V Std) (df) x C X F   100 

__________________ 
Percent Mean recovery 

(A Std) (Vs) (Ws) F =  Recovery factor = 
     

 
Table 1.The physico chemical properties of soils 

Parameters Shimoga Mandya Chamarajanagar 
Particle size distribution 
Sand (%) 72.9 65.0 56.8 
Silt (%) 9.4 12.1 14.2 
Clay (%) 17.7 22.9 28.6 
Textural class Sandy  loam Sandy clay loam Sandy clay loam 

Taxonomical class Ustic Haplustalfs Typic Rhodustalfs Typic Paleusterts 

pH (1:2.5 soil & water) 5.6 6.9 8.3 
EC (dS m-1) 0.46 0.23 0.35 
Organic matter (g kg-1) 10.3 12.9 16.1 
CEC (C mol kg1) 14.4 19.3 23.7 
Porosity (%) 57.5 54.3 48.6 
Bulk density (Mg/m3) 1.34 1.22 1.26 
Available N (kg ha-1) 225.3 260.4 243.5 
Available P2O5 (kg ha-1) 13.6 18.7 21.9 
Available K2O (kg ha-1) 124.8 140.6 176.3 
Maximum WHC 33.8 40.1 46.5 
 

RESULTS AND DISCUSSION 

Under the influence of all the three different moistures 
regimes, an incremental decrease in the concentration 
of oxyfluorfen was observed. In Chamarajanagar soil a 
maximum concentration of (9.71 μg g-1) was attained 
from the treatment concentration at 5 days of 
incubation under 50 per cent maximum water holding 
capacity where as it was 8.82 and 8.75 μg g-1 in 
maximum water holding capacity and submergence 
respectively. .The higher persistence of oxyfluorfen 

residues in Chamarajanagar soil was due to strong 
adsorption of the herbicide caused by higher soil 
organic matter and clay content (Table 1 & 2). The 
sorption interactions of pesticides in soil may involve 
either the mineral or organic components, or both. In 
soils that have higher organic matter levels, pesticide 
adsorption depends on organic matter content, the 
nature of organic matter having little influence on the 
adsorption processes (Bailey and White, 1970). 
 

            

Where,    As = Peak area of the sample 
                V Std = Volume (ml) of the standard injected 
                A Std = peak area of the standard 
                Vs= Volume (ml) of the sample injected 

       df = Dilution factor 
      Ws = Weight (g) of the sample                 
        C = Concentration of the standard (mg kg-1) 
        F = Recovery factor 
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Table 2. Persistence and degradation of oxyfluorfen in soils under different soil moisture regimes 

 Moisture regimes Residues (µg g-1) after the incubation 
  5 10 20 30 45 60 90 

Chamarajanagar 

T1: 50% MWHC 9.71 
(2.9) 

8.61 
(13.9) 

7.83 
(21.7) 

6.67 
(33.3) 

5.92 
(40.8) 

4.94 
(50.6) 

4.07 
(59.3) 

T2: 
Maximum water holding 
capacity 

8.82 
(11.8) 

8.32 
(16.8) 

7.71 
(22.9) 

6.66 
(33.4) 

5.51 
(44.9) 

4.53 
(54.7) 

3.54 
(64.6) 

T3: Submergence 8.75 
(12.5) 

7.72 
(22.8) 

7.11 
(28.9) 

6.59 
(34.1) 

3.71 
(62.9) 

3.21 
(67.9) 

2.66 
(73.4) 

Shimoga 

T1: 50% MWHC 9.52 
(4.8) 

8.21 
(17.9) 

7.31 
(26.9) 

6.59 
(34.1) 

5.63 
(43.7) 

4.88 
(51.2) 

4.01 
(59.9) 

T2: 
Maximum water holding 
capacity 

8.86 
(11.4) 

8.01 
(19.9) 

7.12 
(28.8) 

6.47 
(35.3) 

4.87 
(51.3) 

4.37 
(56.3) 

3.74 
(62.6) 

T3: Submergence 8.75 
(12.5) 

7.77 
(22.3) 

6.75 
(32.5) 

6.05 
(39.5) 

4.71 
(52.9) 

3.94 
(60.6) 

3.24 
(67.6) 

Mandya 

T1: 50% MWHC 9.02 
(9.8) 

8.06 
(19.4) 

7.24 
(27.6) 

6.28 
(37.2) 

5.36 
(46.4) 

4.51 
(54.9) 

3.67 
(63.3) 

T2: 
Maximum water holding 
capacity 

8.19 
(18.1) 

7.52 
(24.8) 

6.91 
(30.9) 

6.26 
(37.4) 

5.27 
(47.3) 

4.44 
(55.6) 

3.56 
(64.4) 

T3: Submergence 8.15 
(18.5) 

7.45 
(25.5) 

6.20 
(38) 

5.38 
(46.2) 

4.63 
(53.7) 

3.55 
(64.5) 

2.87 
(71.3) 

 
Table 3. Degradation kinetics of oxyfluorfen residues in different soils under the influence of soil moisture regimes 

 

With the three soils studied the persistence of 
oxyfluorfen was in the order Chamarajanagar > 
Shimoga > Mandya. The order of soils with respect to 
organic matter and clay content also followed the 
same trend as above (Table 1). This clearly supports 
the role of organic matter and clay content on 
oxyfluorfen adsorption (Fadayomi and Warren. 1977) 
which is the main route of oxyfluorfen dissipation in 
soil and resulted in higher persistence in 
Chamarajanagar soil followed by Shimoga and 
Mandya. Even though organic matter content in 
Shimoga soil was slightly less than that of Mandya 
soil, the presence of higher clay content might have 
played an important role in higher oxyfluorfen 
adsorption and subsequent persistence (Durovic et al, 
2009). The herbicides nitrofen and oxyfluorfen were 
strongly inactivated by muck soil. This variation in 
amount of persistence and degradation was attributed 
to variation in organic matter content, adsorption-
desorption equilibrium, chemical processes in soil 
and effect of microbial activities.  
         A progressive dissipation of residues was 
observed under all moisture regimes and residues 

were detected up to 90 days of incubation. The 
degradation of Oxyfluorfen from 5 to 90 days in 
Chamarajanagar soil ranged from 2.9 to 59.3 per cent 
in soil under 50 per cent maximum water holding 
capacity, 11.8 to 64.6 per cent under maximum water 
holding capacity and 12.45 to 73.40 per cent under 
submergence (Table.2). The per cent degradation of 
oxyfluorfen was higher at submergence followed by 
maximum water holding capacity and 50 per cent 
maximum water holding capacity. The results showed 
that the per cent dissipation increased with increased 
time. A maximum concentration of (9.52 μg g-1) was 
attained from the treatment concentration at five days 
of incubation under 50 per cent maximum water 
holding capacity where as it was 8.86 and 8.75 μg g-1 
at maximum water holding capacity and submergence 
respectively in Shimoga soil. The per cent 
degradation of oxyfluorfen was higher under 
submerged condition followed by maximum water 
holding capacity and 50 per cent maximum water 
holding capacity. The results showed that the per cent 
dissipation increased with increase in time and soil 
moisture status. Gaston and Locke (2000) found that 

Soils Moisture regime K(deg)  

(× 10-3 day-1) 
Half life  

(days) t1/2 
R2 

Chamarajanagar 
T1 
T2 
T3 

10.1 
11.0 
12.6 

68.59 
62.89 
54.98 

0.992 
0.977 
0.981 

Mandya 
T1 
T2 
T3 

10.3 
11.0 
15.1 

67.26 
62.79 
45.78 

0.979 
0.992 
0.936 

Shimoga 
T1 
T2 
T3 

10.2 
10.6 
12.0 

67.97 
65.45 
57.66 

0.960 
0.976 
0.970 
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acifluorfen biodegradation in microbial cultures was 
more rapid under anaerobic rather than aerobic 
conditions. Although acifluorfen biodegradation may 
largely be a co-metabolic process certain bacterial 
strains were capable of metabolizing the herbicide.  

The results of the persistence and degradation of 
oxyfluorfen were fitted to first order exponential 
equation, to predict the rate of degradation. The 
determination coefficients for Chamarajanagar soil 
were 0.992, 0.977 and 0.981 at 50 per cent maximum 
water holding capacity, maximum water holding 
capacity and under submergence respectively. For 
Mandya soil the determination coefficients were 
0.979, 0.992 and 0.936 at 50 per cent maximum water 
holding capacity, maximum water holding capacity 
and under submergence respectively. For Shimoga 
soil the determination coefficients were 0.960, 0.976 
and 0.970 at 50 per cent maximum water holding 
capacity, maximum water holding capacity and under 
submergence respectively (Table 3).The 
determination coefficients (R2) were greater than 
0.916 in all the soils indicating degradation followed 
first order exponential equation. The rate constants 
were found to be lower in 50 per cent maximum 
water holding capacity compared to maximum water 
holding capacity and submergence in all the three 
soils. The values of Kdeg for Chamarajanagar, 
Mandya and Shimoga soils were 10.1, 10.3 and 10.2 
×10-3 day-1 when incubated at 50 per cent maximum 
water holding capacity, 11.0, 11.0 and 10.6 ×10-3 
day-1 at maximum water holding capacity and 12.6, 
15.1 and 12.0 × 10-3 day-1 (Table 3) when 
maintained under submergence respectively. In 
Chamarajanagar soil the half life of oxyfluorfen 
residues were 54.9 (submergence), 62.9 (maximum 
water holding capacity) and 54.9 (50 % maximum 
water holding capacity) days, whereas in Mandya soil 
it was 45.8 (submergence), 62.8 (maximum water 
holding capacity) and 67.3 (50 % maximum water 
holding capacity) days and in Shimoga soil it was 
65.5 (maximum water holding capacity), 57.7 
(submergence) and 67.9 (50% maximum water 
holding capacity) days respectively (Table 3). 

Accordingly rate constant ‘k’ value was 
maximum at submergence followed by maximum 
water holding capacity and 50 per cent maximum 
water holding capacity. More over variation in soil 
moisture has direct impact on  microbial activity, 
several physical processes that can affect microbial 
activity vary with soil water content, particularly 
water movement, and gas and solute diffusion. As a 
consequence, the relationship between rate of 
oxyfluorfen degradation and microbial processes in 
soils complex can be established based on soil 
moisture status. 

The half life of oxyfluorfen in soil under 
different soil moisture regimes followed the order, 50 
per cent maximum water holding capacity > 
maximum water holding capacity > submergence 
indicating that oxyfluorfen half life was higher with 
low moisture content.  

SUMMARY 

Persistence of oxyfluorfen residues in soil was 
higher with application of Oxyfluorfen @ 200 g a.i 
ha-1 + FYM @ 10 t ha-1 (0.61 and 0.08 µg g-1 at 0 and 
60 days after treatment). After 90 days no residues 
were determined in soil in any of the treatments. The 
plant samples analysed for oxyfluorfen at 60, 90 days 
after treatment and at harvest did not show any 
residues persisted in them.  

Differed persistence levels were observed for 
different soils. The degradation of oxyfluorfen was 
influenced by soil organic matter, clay content and 
soil moisture. The degradation pattern of oxyfluorfen 
followed first order exponential degradation kinetics. 
Higher persistence was observed in Chamarajanagar 
soil followed by Shimoga and Mandya soils. 
Increased degradation was observed with increased 
moisture content from 50 per cent maximum water 
holding capacity to submergence (50 % maximum 
water holding capacity < maximum water holding 
capacity < submergence). 
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ABSTRACT 

 Conducted to study the effect of resource conservation practices and conventional practice on 
population of Meloidogyne graminicola affecting different plant growth parameters in rice revealed that 
higher populations of second stage juvenile was obtained from fields with intervention of zero tillage. 
However, conventional practice and zero tillage rice-zero tillage wheat with sesbania had considerably 
low populations. Maximum stunting was found in case of zero tillage rice-zero tillage wheat with 
residue whereas soil of conventional tilled transplanted puddle rice-conventional tilled broadcasted 
wheat with and without residues showed minimum reduction in plant height. Decline of shoot weight 
was found associated with advancement of stunting in most of the cases. Advancement in stunting was 
also found associated with root knot index which was 5.0 in case of different resource conservation 
practices as compare to zero tillage rice-zero tillage wheat with sesbania and conventional practice 
which was less than 3.0. It was found that initial population of nematode, stunting, and shoot weight 
reduction is much higher in resource conservation practices as compare to conventional practice 
whereas sesbania incorporation in resource conservation practices was found as a better option for the 
management of M.graminicola. 
 

Key words: Meloidogyne graminicola, resource conservation practices, conventional practice, 
root knot index. 
 

The rice-wheat cropping system is the most 
important food grain production system. Rice-wheat 
cropping system is practiced by farmers of the Indo-
Gangetic plains, over an area of about 2.7 million ha. 
Resource-conserving technologies (RCTs) such as 
Zero- or no-tillage and reduced tillage systems have 
been shown to be beneficial in terms of improving 
soil health, water use, crop productivity and farmers’ 
income (Gupta and Seth, 2007) . In addition, it also 
allow early and timely sowing of wheat (Tomar et al., 
2006) and reduce the cost of production through less 
use of fossil fuels and herbicides, etc. As in Zero- or 
no-tillage and reduced tillage, wheat crops are planted 
with minimum disturbance of the soil by placing the 
seeds in a narrow slit (3-4 cm wide and 4-7 cm deep) 
without any land preparation. In each of both 
conventional and resource conservation technologies, 
during the time of harvesting, rice or wheat are 
harvested either from the ground level (without 
residues) or from the top, leaving residues on the field 
itself (with residues).  
             Meloidogyne graminicola which is one of the 
most damaging pests of rice that affects rice 
production by causing rice root knot disease (Rao et 
al. 1986; Jairajpuri and Baqri, 1991; Prot et al., 1994; 
Prot and Matias, 1995; Soriano et al., 2000) has 
emerged as a major pest in rice-wheat cropping 
system recently (Sharma and Rahaman, 1998; Singh 
et al., 2006; Singh and Singh, 2009). The main 
symptoms of root knot disease of rice caused by 
Meloidogyne graminicola are yellowing, dwarfing 
and formation of galls on the roots of rice plants. 

Plowright and Bridge (1990) reported that a high 
initial population density of M. graminicola caused 
wilting of seedlings along with severe reduction in 
growth parameters while low population caused only 
reduction in growth parameters.  
         Meloidogyne spp. in associated hypertrophied 
root tissues are metabolic sinks (Bird and Loveys 
1975; McClure 1977) and receive photosynthates 
translocated from other parts of the plant via the root 
system for growth and development. In the process, 
the nematodes deprive the plant of nutrients causing 
reduced root and shoot growth. Meloidogyne infection 
also affects nutrient and water absorption and upward 
translocation by root system (Hussey 1985). The 
magnitude of symptom production thus depends on 
the degree of alterations due to nematode infection. 
Since attempt has been made to study the effect of 
different long term

 
resource conservation practice and 

conventional practice on stunting of plants in relation 
to initial population of second stage juvenile of 
Meloidogyne graminicola.   

MATERIALS AND METHODS 

        Soil from the wheat fields adopted under 
different resource conservation practice and 
conventional practice showing patches of the stunted 
plants were collected in zig zag pattern from different 
villages of Ballia district of Eastern Uttar Pradesh 
following rice-wheat cropping system.  
Different resource conservation technologies (RCTs) 
options chosen for study are-
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1. Conventional tilled puddle transplanted rice 
(CTTPR) – conventional tilled broadcasted wheat 
(CTBCW) without residues. ( farmers practice ) 

2. Conventional tilled puddle transplanted rice 
(CTTPR) – conventional tilled broadcasted wheat 
(CTBCW) with residues. ( farmers practice ) 

3. Conventional tilled puddle transplanted rice 
(CTTPR) – zero till (ZT) wheat without residue. 

4. Conventional tilled puddle transplanted rice 
(CTTPR) – zero till (ZT) wheat with residue. 

5. Reduced till direct seeded rice (DSR) - zero till 
(ZT) wheat without residue. 

6. Reduced till direct seeded rice (DSR) - zero till 
(ZT) wheat with residue. 

7. Zero till rice - zero till wheat (Double ZT) 
without residue. 

8. Zero till rice - zero till wheat (Double ZT) with 
residue. 

9. Zero till rice - zero till wheat (Double ZT) with 
sesbania. 

All the collected soil samples were then bulked and 
nearly 5 kg of soil were collected separately in 
polyethylene bags and brought to the laboratory. Then 
part of soil is separated for its processing to estimate 
the initial population of nematode by modified 
Cobb’s sieving and Baerman funnel technique 
(Christie and Perry, 1951) from each option and 
remaining soil was separately filled into the earthen 

pots. Each treatment had three replications of healthy 
soil and sick soil. The rice seeds (var.MTU-7029) 
were sown in each pot with 30 seeds at equal space. 
After 30 days of sowing of rice in earthen pots, 
observations were recorded on plant height, shoot 
weight, stunting percentage (Healthy plant height-
Patchy plant height ×100 /Healthy plant) and root 
knot index of rice seedlings. All observation was 
rounded off to single digit after decimal. From each 
of the representative pots of each group, fifteen plants 
were uprooted gently, collected in polyethylene bags 
and brought to the laboratory. These plants were 
washed with running tape water on the same day. 
Special care was taken to avoid any chance of loss of 
the roots. In this order, plants were first placed in a 
bucket/ plastic tray having sufficient water to 
facilitate the loosening of the soil adhered with the 
roots. Thereafter, these plants were taken for the 
estimation of the different growth and disease 
parameter. Plant height was measured in centimeter 
(cm). Shoot weight was estimated in milligram (mg) 
using the electronic balance (make- Sartorius). The 
root gall index was assessed following the scale given 
by Prot and Matias (1995) [i.e. 1 = no gall, 2 = 1-25% 
roots with galls, 3 = 26-50% roots with galls, 4 = 51-
75% roots with galls and 5 = > 76% roots with galls]. 
CD value at 5% was estimated statistically for 
completely randomized design experiment. 

 

Table. 1 Effect of native population of Meloidogyne graminicola on stunting of rice plants grown on soil samples 
collected from wheat fields adopted under various resource conservation practices and conventional practice in rice-
wheat cropping system under pot condition. 

RCTs† options Year of 
adoption of 
RCTs options 

Initial population 
of 2nd  stage 
juvenile (500g soil) 

Plant height© 
(cm) 

Shoot 
weight 

(mg) 

Stunting (%)  Root 
knot 
index α 

CTTPR- CTBCW 
(Without residue) 2004 65 20.5±2.42 93.2 16.7 1.4 

CTTPR- CTBCW 
(With residue) 2003 400 18.9±2.23 83.4 23.2 2.3 

CTTPR- ZT wheat 
(Without residue) 2004 918 16.2±1.93 89.8 34.1 3.8 

CTTPR- ZT wheat 
(With residue) 2005 982 15.0±2.00 70.0 39.0 4.1 

RTDSR- ZT wheat 
(Without residue) 2004 1030 15.2±2.36 58.2 38.2 4.0 

RTDSR- ZT wheat 
(With residue) 2004 768 15.1±2.36 52.3 38.6 4.5 

ZT rice- ZT wheat 
(Without residue) 2006 824 13.9±1.83 51.8 43.3 5.0 

ZT rice- ZT wheat 
(With residue) 2005 886 12.9±1.93 50.4 47.6 5.0 

ZT rice- ZT wheat 
with sesbania 2005 296 17.9±1.83 71.3 27.2 2.5 

CD at 5% - 16.42 2.21 3.83 - - 
†, resource conservation technologies; **, 1-Conventional tilled transplanted puddle rice (CTTPR) –Conventional tilled broadcasted wheat (CTBCW) without 
residues (Farmers’ practice); 2-CTTPR–CTBCW with residues (Farmers’ practice); 3-CTTPR-Zero tillage (ZT) wheat without residue.; 4-CTTPR-ZT wheat with 
residue; 5-Reduced tillage direct seeded rice (RTDSR) – ZT wheat without residue; 6-Reduced tillage direct seeded rice (RTDSR) – ZT wheat with residue; 7-ZT rice 
–ZT wheat(Double ZT) without residue; 8- ZT rice - ZT wheat (Double ZT) with residue; 9- ZT rice-ZT-wheat (Double ZT) with brown manuring (sesbania); ±, 
indicates standard deviation; ©,average of 10 plants; ᵠ,stunting percentage calculated based on mean height of healthy plants(i.e.,24.5cm);α, Root knot Index, 1-No 
gall, 2-1-25% gall, 3-26-50% gall, 4-51-75% gall, 5->75% gall  (Prot and Matias,1995). 
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RESULTS AND DISCUSSION 

        A perusal of data on effect of native population of 
M. graminicola in relation to adaptation of different 
options of resource conservation technologies (RCTs) 
over long periods on stunting of rice plants grown under 
pot condition indicated increase in stunting and decrease 
in shoot weight with respect to intervention of zero 
tillage and higher level of native population. M. 
graminicola showed its higher populations of second 
stage juvenile (768-1030 numbers) in patchy area soils 
collected from fields which had options with 
intervention of zero tillage. However, conventional 
practice and zero tillage rice-zero tillage wheat (Double 
ZT) with brown manuring (sesbania) had considerably 
low populations. Recovery of population of second stage 
juveniles (J2s) of M. graminicola from soils collected 
from fields of different RCTs options also revealed that 
population of the nematode was higher in fields which 
had residue irrespective of RCTs options with exception 
of reduced tillage direct seeded rice (RTDSR) – zero 
tillage (ZT)  wheat with and without residue options 
(Option No.5, 6). Maximum stunting of 47.6% was 
found associated with patchy area soil of zero tillage 
rice-zero tillage wheat (Double ZT) with residue (Option 
No. 8) followed by 43.3% in zero tillage rice-zero tillage 
wheat (Double ZT) without residue (Option No.7) and 
38.6% in case of reduced till direct seeded rice (RTDSR)  
- zero till (ZT) wheat with residue (Option No.6) over 
healthy plants. However, patchy area soil of 
conventional tilled transplanted puddle rice (CTTPR) –
conventional tilled broadcasted wheat (CTBCW) with 
and without residues (Option No.1, 2) showed less 
reduction (12-23%) in plant height over other RCTs 
options. Decline of shoot weight was found associated 
with advancement of stunting in most of the cases. Zero 
tillage rice-zero tillage wheat (Double ZT) with residue 
(Option No. 8) showed minimum shoot weight of 50.4 
mg followed by reduced till direct seeded rice (RTDSR)  
- zero till (ZT) wheat with residue (Option No.6) i.e., 
52.3 mg as compare to conventional practices and zero 
tillage rice-zero tillage wheat (Double ZT) with brown 
manuring (sesbania) .  Advancement in stunting was also 
found associated with root knot index which was 5.0 
(more than 75% roots formed gall) in case of different 
RCTs options (Option No.3-8) as compare to zero tillage 
rice-zero tillage wheat (Double ZT) with brown 
manuring (sesbania) and conventional methods which 
was less than 3.0 root knot index.       

Result was found similar to Pankaj et al. (2006) who 
observed that zero-tillage fields had population densities 
of plant parasitic nematodes (Tylenchorhynchus 
brevilineatus and Pratylenchus spp.) larger than those of 
conventionally tilled fields.  

  
Effect of native population of M. graminicola in 

relation to adoptation of different options of resource 
conservation technologies (RCTs) over long periods on 
stunting of rice plants indicated increase in stunting and 
decrease in shoot weight with respect to intervention of 
zero tillage and higher level of native population. Plant 
showing more stunting % and more shoot weight 
reduction is due to the combine effect of both initial 
population of root-knot nematode and types of tillage 

practices. As Meloidogyne graminicola is a root 
pathogen it sucks the nutrients from root of the pathogen 
which may reduce the height and shoot weight of the 
plant due to incomplete availability of nutrients to the 
plant. Hussey (1985) stated that adult females of 
Meloidogyne require considerable amount of nutrients 
for egg production and compete with the host for the 
pool of nutrients in the roots. However, Bird and Loveys 
(1975) and McClure (1977) unambiguously showed that 
Meloidogyne spp. function as metabolic sinks in 
diseased plants. The increased metabolic activity of giant 
cells stimulates mobilization of photosynthates from the 
shoot to root and, in particular, to giant cells where they 
are removed and utilized by the feeding nematodes for 
its growth and development. To accomplish growth rate, 
the nematode must draw the bulk of the nutrients and act 
as metabolic sink which result in reduction of the height 
and shoot weight of the plant due to incomplete 
availability of nutrients to the plant. 

Double zero till rice-wheat with sesbania shows 
decline in population of nematode and less stunting 
percentage as compare to other resource conservation 
technologies which may be due to the involvement of 
diverse residues. This clearly showed that sesbania plays 
significant role in the management of population of 
M.graminicola. Decomposition of organic residues 
results in the accumulation of specific compounds that 
may be nematicidal (Rodriguez-Kabana 1986; 
Rodriguez-Kabana and Morgan-Jones 1987). The green 
manure crops (leguminous crops) Sesbania rostrata and 
Aeschynomere afaraspera, when grown in rotation have 
been shown to significantly increase yields of irrigated 
rice in the presence of rice root nematode 
(Hirschmanniella oryzae) by acting as trap crops of the 
nematode (Germani et al. 1983; Prot et al. 1992). 
            
Conventional tillage practice highly disturbs the soil and 
roots of previous host crop that expose the nematode to 
sunlight and other soil antagonists and this may be the 
reason of less nematode population in conventional 
tillage as compared to conservation tillage. The 
population density of the root-knot nematodes was 
higher in the non-puddled soil especially in 
unsubmerged condition compared to puddled and 
submerged soil (Chandel et al., 2002). The root knot 
disease of rice is adversely influenced by the practice of 
puddling and submergence (Gaur and Singh 1993; Gaur 
1994). Puddling reduces aeration and provides high 
moisture levels for prolonged periods which allow poor 
respiration and movement of nematodes resulting in 
reduction in population densities of M. graminicola in 
puddled field (Garg et al. 1995).  

CONCLUSION 

From the above information it can be assumed 
that there is no problem with the adoption of resource 
conservation technologies by the farmers if the field is 
not infested with nematode, but if the field is infested 
with nematode and if resource conservation technologies 
are followed under rice- wheat cropping system without 
a gap or intervention in cropping system then it can 
accelerate the population of Meloidogyne graminicola. 
Increase in the population of nematode is not solely 
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depend upon the resource conservation tillage practices 
whereas it depends on the interaction between both 
initial population of Meloidogyne graminicola and 
resource conservation technologies practices. If there is 

high initial nematode population in soil where farmers 
are practicing resource conservation technologies in such 
case there will be much high possibility of acceleration 
in the population of nematode very rapidly.  
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ABSTRACT 

A study was conducted to investigate the possibility of exploiting heterosis in breeding for 
improved quality in forage sorghum [Sorghum bicolor (L.) Moench] and to identify parents with 
desirable genetic effects. 45 hybrids produced by crossing 3 cytoplasmic male sterile lines with 15 local 
males were evaluated for quality trait. Line x tester analysis was performed to study general and 
specific combining ability. The magnitudes of mid-parent, better-parent heterosis and standard 
heterosis were investigated. Hybrids with best heterotic and specific effects for some traits were also 
among the best in per se performance for the same traits. Crosses SURAT-1 x C-10-2 and SURAT-1 x 
GUNDRI exhibited significant standard heterosis in desirable direction for green fodder yield per plant, 
crude protein content and hydrocyanic acid content. The parental genotype SURAT-2 among females 
and GUNDRI & C-10-2 among males showed the highest gca effects, whereas the crosses SURAT-1 x 
C-10-2, SURAT-4 x UP CHARI and SURAT-2 x PHULE AMRUTA among hybrids exhibited the highest 
and significant sca effects for yield and its quality components. Hybrids low in NDF and CF percentage 
appears to be attainable without sacrificing high yield levels. It was concluded that exploiting heterosis 
in forage sorghum to improve quality traits might be promising. 
 

Key words: Forage Sorghum, Heterosis, Combining Ability, Hybrid, Quality and Crude Protein. 
 
  Sorghum [Sorghum bicolor (L.) Moench] 
is the fifth most important crop in the world. Major 
sorghum producing countries are USA, India, 
Nigeria, China, Mexico, Sudan and Argentina. 
Sorghum is the most important fodder crop in the 
northern and central parts of India. Sorghum ranks 
first among the cereal fodder crops. It is because of 
its growing ability in poor soil, faster growth habit, 
higher yield, palatability and nutritious quality. It 
gives almost uniform green fodder yield 
throughout the year. For developing high yielding 
varieties/hybrids through hybridization, the choice 
of the right type of parents is of paramount 
importance, hence the importance of testing parents 
for their combining ability. Further, for the system 
of breeding to be employed, the knowledge of gene 
action is of immense value which varies depending 
on the genetic variation as well as genetic 
divergence in the material. The information on 
these aspects is limited in forage sorghum. 
Accordingly, the present investigation aims to 
estimate combining ability and the magnitude and 
nature of heterosis for fodder yield along with 
certain quality traits of forage sorghum.   

MATERIALS AND METHODS 

The hybrids were developed by crossing 3 
male sterile lines (SURAT-1, SURAT-2 and SURAT-
3) and 15 testers (S 1049, GFS-3, GFS-5, SSG-59-3, 
COFS-29, MP CHARI, GUNDRI, IS-4776, C-10-2, 
SRF-286, PHULE AMRUTA, PHULE CHITRA, 

MAL DANDI, AFS-28 and AFS-30) in line x tester 
mating design during summer 2011. The 
experimental material for the present investigation 
consisted of 18 parents (3 lines + 15 testers) and 45 
hybrids. The experiment was conducted at the 
research farm of Main Forage Research Station, 
Anand Agricultural University, Anand (Gujarat). 
Each experimental plot consisted of two rows of 3 m 
length each. The inter-row and intra-row spacings 
were 30 and 10 cm, respectively. The experiment was 
evaluated in a randomized block design with three 
replications. The recommended agronomic practices 
were followed for raising a normal crop. 

For recording observations, 5 competitive 
plants were randomly selected from each treatment in 
each replication and the average value per plant was 
computed for fodder yield and quality traits viz., 
green fodder yield per plant, dry matter content, dry 
matter yield per plant, crude protein content, 
hydrocyanic acid content and neutral detergent fibre 
content.  

Line  x tester analysis (Kempthorne, 
1957) was used to study combining ability estimates. 
The critical difference (C.D.) was used to check the 
significance of combining ability estimates (Singh 
and Chaudhary, 1985). Magnitude of relative 
heterosis, heterobeltiosis and standard heterosis were 
computed as per procedure suggested by Turner 
(1953), Fonesca and Patterson (1968) and Meredith 
and Bridge (1972), respectively. 
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Table 1: Analysis of variance (mean squares) for parents and hybrids for various traits studied  

Source D.F. 

Green fodder 
yield per 
plant (g) 

 

Dry matter 
Content 
(DM %) 

Dry matter 
yield  per 
Plant (g) 

Crude 
protein 
content 
(CP %) 

HCN 
content 
(ppm) 

NDF 
content 

(%) 

Replications 2 88.50** 28.26** 89.76** 0.181 118.44 56.94** 

Genotypes (G) 63 4003.83** 18.43** 218.08** 0.61** 743.18** 22.53** 

Parents (P) 17 3160.15** 12.47** 215.27** 0.71** 936.74** 22.66** 

Females (F) 2 1588.78** 1.21 111.65** 0.26 638.76** 4.03 

Males (M) 14 2827.71** 14.84** 202.25** 0.58** 712.61** 24.56** 

F vs M 1 10957.05** 1.70 604.79** 3.44** 4670.58** 33.36** 

Hybrids (H) 44 4382.90** 21.34** 220.89** 0.56** 697.27** 22.54** 

Parents vs Hybrids 1 3676.56** 0.00 135.56** 0.51* 123.94 9.01 

Check vs Hybrids 1 1579.62** 10.48* 197.02** 1.17** 75.31 36.32** 

Error 126 39.57 2.36 5.79 0.12 71.89 4.87 

  *, ** Significant at 5 % and 1% levels, respectively. 
  HCN: hydrocyanic acid and NDF: neutral detergent fibre 
 
Table 2: Analysis of variance (mean squares) and variance components for combining ability for various 
traits studied 

  *, ** Significant at 5 % and 1% levels, respectively. 
   HCN: hydrocyanic acid and NDF: neutral detergent fibre 
 
 
Table 3: The range of heterosis, heterobeltiosis and economic heterosis and number of crosses showing 
significant heterosis, heterobeltiosis and economic heterosis for 6 characters in Sorghum. 

Characters 
Range of heterosis and most heterotic cross Number of hybrids having 

significant heterotic effect 

H1 H2 H3 
H1 H2 H3 

+ve -ve +ve -ve +ve -ve 
Green fodder 
yield per plant (g)  

-48.35 to 71.63 
(SURAT-4 x AFS-30)  

-53.60 to 43.30 
(SURAT-4 x AFS-30)  

-50.50 to 42.53 
(SURAT-1 x C-10-2)  

16 19 11 26 12 28 

Dry matter 
content (DM %)  

-19.34 to 26.18 
(SURAT-1 x GUNDRI)  

-25.92 to 21.67 
(SURAT-4 x MP CHARI)  

-24.38 to 14.56 
(SURAT-1 x GUNDRI)  

7 10 5 15 5 23 

Dry matter yield  
per plant (g)  

-42.26 to 73.47 
(SURAT-4 x S-1049)  

-57.74 to 38.63 
(SURAT-4 x S-1049) 

-57.57 to 43.08 
(SURAT-1 x GUNDRI)  

17 21 11 26 4 30 

Crude protein 
content (CP %)  

-11.66 to 11.00 
(SURAT-4 x SRF-286)  

-14.71 to 7.94 
(SURAT-4 x SRF-286)  

-13.39 to 3.50 
(SURAT-1 x C-10-2) 

6 10 1 23 0 25 

HCN content 
(ppm)  

-36.15 to 28.79 
(SURAT-1 x AFS-18)  

-32.49 to 56.41 
(SURAT-2 x GFS-5) 

-30.45 to 22.76 
(SURAT-1 x AFS-18)  

7 21 16 3 8 17 

NDF content (%)  
-12.47 to 9.08 

(SURAT-2 x AFS-28)  
-11.13 to 13.15 

(SURAT-2 x AFS-28) 
-13.51 to 2.70 

(SURAT-2 x C-10-2) 
5 12 7 3 0 21 

  *, ** Significant at 5 % and 1% levels, respectively. 
HCN: hydrocyanic acid and NDF: neutral detergent fibre 

Source Green fodder  
yield per plant (g) 

Dry matter 
Content 
(DM %) 

Dry matter  
yield per 
Plant (g) 

Crude protein content 
(CP %) 

HCN 
content 
(ppm) 

NDF 
content 

(%) 

σ2gca  177.63 1.07 17.97 0.016 5.14 0.93 

σ2sca 1271.40** 5.17** 52.76** 0.13** 195.80** 5.20** 

Error 41.43 2.68 6.47 0.13 73.26 4.63 

σ2gca/ σ2sca 0.14 0.21 0.34 0.12 0.026 0.18 
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Table 4: Five most heterotic crosses (Standard heterosis) for green fodder yield per plant along with  per 
se  performance  and their heterotic effects for quality characters in sorghum. 

Crosses 
Mean green fodder 

yield per plant 
(g) 

Standard heterosis 
green fodder yield 

per plant 
(%) 

Also desirable for other traits 

SURAT-1 x C-10-2 232.33 42.53** 
Dry matter yield per plant, crude protein content, 
hydrocyanic acid content and neutral detergent fiber 
content.  

SURAT-1 x GUNDRI 202.67 24.34** 
Dry matter content, dry matter yield per plant and 
hydrocyanic acid content.  

SURAT-4 x AFS-30 199.67 22.50** Neutral detergent fiber content. 

SURAT-2 x GUNDRI 195.67 20.04** Hydrocyanic acid content and neutral detergent fiber 
content.  

SURAT-2 x PHULE AMRUTA 190.00 16.56** Dry matter yield per plant  and hydrocyanic acid 
content.  

 

Table 5: General combining ability effects of parents for different characters 
 

Parents Green 
fodder yield 
per plant (g) 

Dry matter 
Content 
(DM %) 

Dry matter 
yield per 
Plant (g) 

Crude protein 
content 
(CP %) 

HCN 
content 
(ppm) 

NDF 
content 

(%) 
SURAT-1 -7.33** 0.19 -1.33** -0.06 2.88** 0.02 
SURAT-2 7.18** -0.48** 1.02** -0.02 -5.97** -0.06 
SURAT-4 0.16 0.30 0.31 0.08* 3.10** 0.04 
S 1049 16.31** -1.17** 1.93** 0.11 -8.74** -2.49** 

GFS-5 -7.13** 1.43** -0.19 0.14 -3.02 -1.02 

SSG-59-3 25.42** 1.32** 7.06** -0.03 10.98** -0.26 

COFS-29 -14.02** 2.49** 0.17 0.06 -4.02 -0.07 

MP CHARI -1.36 2.86** 2.67** -0.22* 1.51 -0.39 

GUNDRI 36.20** 1.73** 10.80** -0.13 -4.63* 2.74** 

UP CHARI -6.80** -0.71 -2.21** -0.07 8.96** 0.17 

C-10-2 36.53** 0.10 8.27** 0.48** -5.48* 3.56** 

SRF-286 12.53** -0.40 2.16** 0.57** 21.43** 1.88** 
PHULE 
AMRUTA 2.64 0.92* 1.47* -0.25* 0.72 1.91** 

AFS-28 -8.58** -0.43 -2.78** 0.23* -11.00** -1.14 

AFS-30 21.98** -0.23 3.82** -0.32** 6.68** -1.84** 

AFS-14 -34.58** -3.12** -10.80** -0.23* -8.22** -2.73** 

AFS-15 -38.24** -2.85** -11.40** -0.35** -6.01** -0.43 

AFS-18 -40.91** -1.94** -10.97** 0.01 0.84 0.10 
S.Em. (g i) 0.66 0.17 0.26 0.04 0.88 0.22 
S.Em. (g j) 1.75 0.45 0.69 0.10 2.33 0.59 
  *, ** Significant at 5 % and 1% levels, respectively. 
  HCN: hydrocyanic acid and NDF: neutral detergent fibre 
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Table 6: Specific combining ability effects of crosses for different characters 
Parents Green fodder yield 

per plant (g) 
Dry matter 

Content (DM %) 
Dry matter yield per 

Plant (g) 
Crude protein 

content (CP %) 
HCN 

Content (ppm) 
NDF  content 

(%) 

SURAT-1 × S 1049 7.22** -1.23* -0.53 0.04 14.43** -1.14 
SURAT-1 × GFS-5 6.00* -3.16** -2.44* -0.13 21.68** 1.61 
SURAT-1 × SSG-59-3 -26.56** 2.58** -2.23* 0.13 6.26 -0.61 
SURAT-1 × COFS-29 -15.44** -1.39* -5.58** 0.31* 0.52 0.60 
SURAT-1 × MP CHARI -45.11** 2.15** -8.63** -0.19 1.88 -0.31 
SURAT-1 × GUNDRI 34.00** 3.40** 15.20** 0.03 -12.64** 1.72* 
SURAT-1 × UP CHARI -2.33 -0.95 -1.89 0.14 -10.18** -0.38 

SURAT-1 × C-10-2 63.33** -0.56 12.48** 0.56** -6.67* -1.80* 

SURAT-1 × SRF-286 16.00** -0.46 2.62** -0.03 -10.81** -0.36 
SURAT-1 × PHULE 
AMRUTA -33.11** 1.78** -5.45** -0.11 -7.67* 0.06 
SURAT-1 × AFS-28 -27.22** 1.00 -4.54** -0.12 17.86** 3.17** 

SURAT-1 × AFS-30 -9.11** -2.50** -5.01** 0.49** 12.43** -1.33 
SURAT-1 × AFS-14 14.44** 0.23 3.12** -0.34* -4.39 0.46 

SURAT-1 × AFS-15 -5.56* 0.86 0.05 -0.18 9.42** -0.18 
SURAT-1 × AFS-18 23.44** -1.75** 2.85** -0.62** -32.11** -1.50 
SURAT-2 × S 1049 -34.96** -0.36 -8.14** -0.17 -1.82 4.34** 
SURAT-2 × GFS-5 28.49** -0.16 6.68** 0.18 -12.61** 1.46 
SURAT-2 × SSG-59-3 3.93 2.01** 4.75** -0.44** -12.21** 1.48 
SURAT-2 × COFS-29 7.71** 0.58 2.64** -0.11 -4.70 -0.28 
SURAT-2 × MP CHARI 36.04** -3.45** 3.45** 0.49** -9.92** 0.74 
SURAT-2 × GUNDRI 12.49** -4.06** -5.29** 0.52** 1.95 -1.72* 
SURAT-2 × UP CHARI -45.18** 0.01 -9.70** 0.12 21.64** -4.59** 
SURAT-2 × C-10-2 2.16 1.87** 3.38** -0.19 10.39** 1.85* 
SURAT-2 × SRF-286 -40.18** -0.03 -8.79** -0.07 14.63** -0.60 
SURAT-2 × PHULE 
AMRUTA 40.38** -0.42 8.48** -0.18 -3.93 3.08** 
SURAT-2 × AFS-28 18.93** -1.80** 1.27 -0.51** -8.18* -4.31* 
SURAT-2 × AFS-30 -28.62** 5.10** 1.32 -0.03 -11.85** -2.35** 
SURAT-2 × AFS-14 -16.73** 0.06 -3.25** -0.37** -7.45* 1.21 

SURAT-2 × AFS-15 20.60** -0.54 2.98** 0.29* 7.15* -0.82 
SURAT-2 × AFS-18 -5.07* 1.18 0.22 0.48** 16.92** 0.52 
SURAT-4 × S 1049 27.73** 1.59* 8.67** 0.13 -12.62** -3.20** 
SURAT-4 × GFS-5 -34.49** 3.33** -4.24** -0.05 -9.06** -3.08** 
SURAT-4 × SSG-59-3 22.62** -4.60** -2.53** 0.31* 5.95 -0.86 
SURAT-4 × COFS-29 7.73** 0.80 2.95** -0.21 4.18 -0.32 
SURAT-4 × MP CHARI 9.07** 1.30* 5.18** -0.30* 8.04* -0.43 
SURAT-4 × GUNDRI -46.49** 0.66 -9.91** -0.55** 10.69** 0.00 
SURAT-4 × UP CHARI 47.51** 0.94 11.59** -0.26 -11.46** 4.97** 
SURAT-4 × C-10-2 -65.49** -1.31* -15.86** -0.37** -3.71 -0.05 
SURAT-4 × SRF-286 24.18** 0.49 6.18** 0.10 -3.81 0.96 
SURAT-4 × PHULE 
AMRUTA -7.27** -1.36* -3.03** 0.29* 11.60** -3.13** 
SURAT-4 × AFS-28 8.29** 0.79 3.27** 0.63** -9.69** 1.15 
SURAT-4 × AFS-30 37.73** -2.61** 3.69** -0.46** -0.59 3.68** 
SURAT-4 × AFS-14 2.29 -0.29 0.13 0.71** 11.85** -1.66* 

SURAT-4 × AFS-15 -15.04** -0.32 -3.02** -0.11 -16.57** 1.00 
SURAT-4 × AFS-18 -18.38** 0.57 -3.06** 0.13 15.19** 0.98 
S.Em. (s ij) 2.48 0.63 0.98 0.14 3.29 0.83 

  *, ** Significant at 5 % and 1% levels, respectively. 
  HCN: hydrocyanic acid and NDF: neutral detergent fibre 
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RESULTS AND DISCUSSION 

The analysis of variance revealed that parents and 
hybrids differed significantly for all the characters 
studied (Table-1). The mean squares due to females 
and males were significant for most of the characters. 
This revealed the presence of great deal of diversity 
among the parents with respect to all the characters 
under study. The mean squares due to females vs 
males were significant for all the characters. This 
revealed that females and males interacted and hence 
pronounced different heterotic effects. This could be 
due to the fact that females and males used in this 
investigation had considerable genetic variability. 
Further, the mean squares due to hybrids were 
significant for all the characters. The variances for 
parents vs hybrids were significant for green fodder 
yield per plant, dry matter yield per plant and crude 
protein content, which suggested the existence of 
differences between parents and hybrids for these 
characters. 

Analysis of variance for combining ability (Table-2) 
revealed that mean squares due to lines and tester 
were non-significant for all the characters. The 
variance due to line x tester interaction was highly 
significant for all the characters. Thus, suggesting the 
importance of heterosis breeding for improvement of 
sorghum. The higher magnitude of estimated 
component of SCA than GCA variance for all the 
characters suggested relatively greater role of non-
additive genetic variance in the inheritance of all the 
traits. The lower estimates of gca: sca ratio for all 
characters suggested the predominant role of non-
additive gene action and greater magnitude of 
variance due to specific combining ability for 
inheritance of these traits. 

The range of heterosis, heterobeltiosis and economic 
heterosis along with number of significant crosses for 
heterosis, heterobeltiosis and economic heterosis of 
different characters are present in Table-3. 

In the present investigation, the degree of heterosis 
varied from cross to cross for all the six characters. 
Considerable amount of heterosis, heterobeltiosis and 
standard heterosis were observed for yield and quality 
traits studied in the present investigation. Standard 
heterosis is the most effective parameter amongst the 
three parameters of heterosis. In the present study, 
GFSH-1 was used as the standard check. On basis 
standard heterosis (Table-4), hybrids SURAT-1 x C-
10-2, SURAT-1 x GUNDRI and SURAT-4 x AFS-30 
exhibited high estimates of standard heterosis for 
green fodder yield per plant. Positive heterosis 
estimates were pronounced in all characters barring 
hydrocyanic acid content and neutral detergent fibre. 
A hybrid  SURAT-1 x C-10-2 showed heterosis in 
desirable direction for characters like dry matter yield 
per plant, crude protein content, hydrocyanic acid 
content and neutral detergent fiber content and hybrid 
SURAT-1 x GUNDRI showed heterosis in desirable 

direction for characters like dry matter content, dry 
matter yield per plant and hydrocyanic acid content. 
The present study revealed presence of heterosis for 
majority of characters under consideration, which 
may be useful for exploiting hybrid vigour in forage 
sorghum. Earlier studies by Parmar (1997), Desai et 
al. (1999), Rajguru et al. (2005), Mohammed et al. 
(2008), Singh and Shrotria (2008), Bhatt (2009) and 
Patel (2011) also revealed heterosis in desirable 
direction for different characters in forage sorghum. 

The general combining ability effects (Table-5) 
enabled the identification of desirable parents for 
hybridization programme. None of the parents was 
found good general combiner for all the traits. Among 
the females SURAT-2 was good general combiner for 
maximum number of characters viz., green fodder 
yield per plant, dry matter yield per plant, 
hydrocyanic acid (HCN) content and neutral 
detergent fibre (NDF) content. Among the males C-
10-2 was good general combiner for green fodder 
yield per plant, dry matter yield per plant and crude 
protein content, while, S-1049 and AFS-14 expressed 
significant negative gca estimates for hydrocyanic 
acid (HCN) and neutral detergent fibre (NDF). On the 
whole, SURAT-2, C-10-2 and S-1049 were good 
general combiners for yield and its quality component 
traits. 

Based on the perusal of sca effects (Table-6), the 
cross combinations viz., SURAT-1 x C-10-2, 
SURAT-4 X UP CHARI and SURAT-2 X PHULE 
AMRUTA were the high ranking combinations for 
green fodder yield per plant. The crosses SURAT-1 x 
C-10-2 and SURAT-1 x GUNDRI showing high sca 
effect for yield per plant also exhibited high or 
average sca effect for quality components like crude 
protein content, hydrocyanic acid content and neutral 
detergent fibre content.  

In combining ability analysis, the σ2gca/ σ2sca ratio 
revealed that there was preponderance of non-additive 
gene action for all the characters. Similar results were 
also reported by Agarwal et al. (2005), Mohammed et 
al. (2008), Maarouf I. Mohammed (2009), Prakash et 
al. (2010), Dara singh and Sukhchain (2010) and 
Patel (2011). If proper seed production technology is 
in place, heterotic hybrids can be explored for 
commercial cultivation. In order to utilize the non-
additive genetic variance present in the population for 
fodder yield and its components heterosis breeding 
may be utilized to capitalize this type of gene effect. 
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ABSTRACT 

A total of 511 faecal samples were collected from the buffaloes at Pashu Hat Bazaar, Jaipur. 
The proportion (per cent) of different third stage strongyle larvae in coprocultures were determined and 
results indicated that Haemonchus spp. was the major contributor to the strongyle worm population, 
followed by Oesophagostomum spp., Cooperia spp., Bunostomum spp., Trichostrongylus spp. and 
Mecistocirrus spp. 

Key words:  Buffaloes, strongyle larvae, trichostrongylus spp. 
 

Most nematode eggs in order Strongylida are 
not identifiable to genus and/or species when detected 
in a faecal sample. To resolve this, faeces can be 
cultured to obtain third stage larvae which can then be 
identified further. This information is helpful in 
determining the species of strongyle nematodes 
present in an animal, and the treatment or 
management necessary to reduce or eliminate the 
worms. To reduce morbidity in buffaloes, monitoring 
of the health of the animals is of paramount 
importance. Economic losses are caused by 
gastrointestinal parasitism in a variety of ways; they 
cause losses through lowered fertility, reduce work 
capacity, involuntary culling, a reduction in food 
intake and lower weight gains, lower milk production, 
treatment costs and mortality in heavily parasitized 
animals (Lebbie et al., 1994). Parasitic infections are 
major constraints of livestock and cause great 
economic loss to dairy industry by way of retarded 
growth, condemnation of meat, weight loss, low 
productivity and increased susceptibility of animals to 

other infections as well as high expenditure on drugs 
(Mohammed et al., 2011).  

MATERIALS AND METHODS 

A total of 511 faecal samples were collected 
from the buffaloes at Pashu Hat Bazaar, Jaipur during 
September 2012 to December 2012. Coprocultures 
were set up to identify the various strongyle larvae on 
the basis of gut cells number and morphological 
peculiarities of third stage infective larvae of 
strongyles. Faecal cultures provide an environment 
suitable for the hatching of strongylid eggs and for 
their development to the infective third stage larvae. 
Different eggs require different conditions but the 
general method given below was suitable for the 
culture of strongylid eggs in buffalo faeces. For this 
purpose strongyle nematode egg positive faecal 
samples of buffaloes of each sampling were pooled, 
cultured following the method of Roberts and 
Sullivan (1950) and identified. A total of 300 larvae 
were examined for identification during the study. 

 
Table 1.  Proportion of strongyle larvae of buffaloes on coproculture (%) 
 

Age Total numbers Positive Overall (%) 
Haemonchus spp. 224 (74.66%) 
Oesophagostomum spp. 21 (7.00%) 
Cooperia spp. 16 (5.33%) 
Bunostomum spp. 15 (5.00%) 
Trichostrongylus spp. 13 (4.33%) 
Mecistocirrus spp. 11 (3.66%) 

Total 300 100 
 
 

RESULTS AND DISCUSSION 

The third stage of 300 infective strongyle nematodes 
larvae recorded from faecal cultures in the present 
investigation were identified on the basis of 
measurements of their total length and extension of 

tail sheath beyond tip of the larvae (µm) and some 
morphological characters. The mean biometrical 
observations and morphological identifications are 
presented in table 1 and figure 1. The proportion (per 
cent) of 300 different third stage strongyle larvae in 
coprocultures were determined and results indicated 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

16 
 

that Haemonchus spp. was the major contributor to 
the strongyle worm population (74.66%), followed by 
Oesophagostomum spp.(7.00%), Cooperia 
spp.(5.33%), Bunostomum spp.(5%), 
Trichostrongylus spp.(4.33%) and Mecistocirrus spp. 
(3.66%). Among strongyles, Haemonchus spp. has 
been reported to be main contributor by other workers 

also (Yadav and Tondon, 1989; Raman et al., 1995; 
Shag and Rehman, 2001; Pathak and Pal, 2008 Khan 
et al., 2010; Nasreen et al., 2011). However, 
Oesophagostomum spp. (Anosike et al., 2005) and 
Trichostrongylus spp. has also been reported to be 
predominant among strongyles (Afridi et al., 2007; 
Indre et al., 2009). 
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ABSTRACT 

Seventy hybrids evolved from crossing 14 TGMS (Thermo Sensitive Genic Male Sterile) lines 
and five testers in a line × tester mating design were evaluated for combining ability. Both additive and 
non-additive gene actions were preponderant for different quantitative traits. Among lines, UPRI 99-79-
1 and UPRI 99-60-2, while among testers Pant Dhan 4 were found to be the best general combiners 
for yield contributing characters. There was lack of correspondence between the per se performance 
and combining ability of parents in the present investigation. Eight cross combinations exhibited high 
sca (specific combining ability) effects for grain yield per plant involving at least one parent with high 
gca (general combining ability) status and other with low gca status indicating the involvement of 
additive as well as non-additive gene actions operating in these crosses. 

Key words: Rice, line × tester, gene action, combining ability and TGMS. 

Rice is an economically important crop 
which has gradually become the principal staple food 
in most parts of the world, feeding more people than 
any other crop in the whole world (Malton et al., 
1998). Earlier improvements in rice yield can be 
attributed to the widespread cultivation of plant type 
based high-yielding varieties and cytoplasmic genetic 
male sterility (CGMS) based hybrids. However, the 
yield potential of the rice is much higher than actually 
realized. Moreover, excessive dependence on a single 
source of cytoplasm and cumbersome process of 
hybrid seed production in CGMS system warrants the 
development of alternative approaches to exploit 
hybrid vigour. Environment sensitive genic male 
sterility has offered a potential advantage over 
CGMS. Hybrids based on such system have 5 – 10% 
yield advantage over the existing CGMS-based 
hybrids. Hence, the present investigation was pursued 
to determine the nature of gene action for yield and 
yield-contributing characters along with the 
identification of good combining TGMS lines and 
restorers for heterotic rice breeding. 

 

MATERIALS AND METHODS 

The present study was conducted at Crop 
Research Centre of Govind Ballabh Pant University 
of Agriculture and Technology, Pantnagar, 
Uttarakhand. 

The study involved 14 TGMS lines (UPRI 97-59, 
UPRI 99-70-1, UPRI 99-71-1, UPRI 99-71-2, UPRI 
99-73-1, UPRI 99-73-2, UPRI 99-73-3, UPRI 99-73-
4, UPRI 99-74-3, UPRI 99-78-1, UPRI 99-79-1, 
UPRI 99-60-1, UPRI 99-60-2 and UPRI 99-60-4) and 
five testers (Jaya, Pant Dhan 4, Narendra 359, UPR 
2870-98-125 and UPRI 99-1) crossed in line × tester 
fashion to get 70 hybrids. These hybrids along with 
parents were further evaluated in Randomized Block 
Design with two replications. Standard package of 
practices were adopted to raise the crop. Five plants 
were randomly selected for recording observations on 
ten quantitative characters viz. days to 50 per cent 
flowering, plant height (cm), panicles per plant, 
panicle length (cm), spikelet number per panicle, 
grain number per panicle, 1000-grain weight (g), 
panicle weight (g), grain yield per plant (g) and 
harvest index. Combining ability analysis was done 
using line × tester method (Kempthorne, 1957). 
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Table 1: Analysis of variance for combining ability 
Source df Days to 

50% 
flowering 

Plant 
height 

Panicle
s per  
Plant 

Panicle 
length 

Spikelet 
number 

per panicle 

Grain 
number per 

panicle 

1000-
grain 

weight 

Panicle 
weight 

Grain 
yield 
per 

plant 

Harvest 
index 

Replication 1 3.23 75.50 33.40 10.86 1503.64 5530.25 10.52 6.12 19.80 169.62 
Genotypes 88 92.97** 226.94** 5.16** 17.99** 3482.40** 4543.20** 20** 2.60** 105.61*

* 
356** 

Parents 18 184.90*
* 

250.80** 10.16*
* 

20.82** 735.25* 1569.11** 42.04** 1.08** 92.16** 410.94** 

Parents Vs. 
Crosses 

1 83.19** 10504** 5.43 687.39** 62696.75** 189763.70** 392.87*
* 

118.95** 3804** 17244.26** 

Crosses 69 69.13** 71.77** 3.85** 7.55** 3340.85** 2634.49** 8.86** 1.31** 55.52** 96.91** 
Lines 13 204.58*

* 
121.15** 8.84** 19.48** 6148.10** 5399.87** 15.15** 4.54** 113.99*

* 
205.76** 

Testers 4 387** 590.79** 2.50 38.66** 12324.55** 7117.95** 13.77* 1.66** 103.18*
* 

86.87* 

Line × Tester 52 10.82** 19.50** 2.71 2.18 1947.99** 1598.26** 6.90* 0.48** 37.24** 70.47** 

Error 69 3.02 8.58 2.54 1.46 511.51 503.89 4.21 0.24 9.99 32.58 
σ2 gca 15 17.71 0.16 1.41 383.60 245.30 0.40 0.14 3.77 3.99 
σ2 sca 3.90 5.46 0.07 0.37 718.23 547.18 1.34 0.12 13.63 18.95 
σ2 gca/ σ2 sca 3.85 3.24 2.88 3.81 0.53 0.45 0.29 1.16 0.27 0.21 

*, ** Significant at 5 and 1 per cent probability level, respectively. 
 
 Table 2: General combining ability effects of parents for yield contributing traits 

Parents Days to 
50% 

flowering 

Plant 
height 

Panicles 
per 

plant 

Panicle 
length 

Spikelet 
number per 

panicle 

Grain 
number per 

panicle 

1000-
grain 
weight 

Panicle 
weight 

Grain 
yield per 
plant 

Harvest 
index 

Lines 
UPRI 97-59 -5.32** 5.02** -0.36 0.10 37.31** 47.64** 0.03 0.85** 2.76** 6.42** 
UPRI 99-70-1 -0.92 0.30 0.62 -0.22 -27.77** -16.38** -0.92 -0.26* -0.41 1.13 
UPRI 99-71-1 1.38** -2.78** 0.02 -0.97** 7.69 -9.38 1.36* -0.12 -2.69** -6.93** 
UPRI 99-71-2 1.08** -2.76** -0.12 -0.74* -3.77 -20.40** 2.08** -0.56** 0.62 -5.28** 
UPRI 99-73-1 1.98** 1.68* 0.00 0.72* 12.53* -4.40 -0.24 0.02 6.74** 3.72* 
UPRI 99-73-2 0.38 0.56 1.46** 0.52 -5.77 -18.84** 0.34 -0.41** 0.39 0.66 
UPRI 99-73-3 -0.12 3.48** 0.28 1.24** -18.21** -10.42 -0.06 -0.15 -2.09* -2.14 
UPRI 99-73-4 1.18* -0.34 -0.60 0.34 -22.41** -16.40** -0.42 -0.23 -0.49 2.73 
UPRI 99-74-3 -5.32** -2.34** 0.40 -0.50 -42.65** -29.12** -0.71 -0.42** -2.52** -0.06 
UPRI 99-78-1 5.98** -0.28 2.04** -0.62 19.93** -1.64 0.22 -0.83** -2.86** -6.24** 
UPRI 99-79-1 -4.42** 3.34** -0.98* 1.26** 25.95** 32.62** -0.09 1.31** 2.32** 3.48* 
UPRI 99-60-1 -2.82** 2.46** -1.32** 1.76** 18.55** 22.98** 1.17* 0.76** -0.88 2.64 

UPRI 99-60-2 -4.02** 0.50 -1.12* 0.94** 26.69** 27.70** 0.40 0.87** 5.09** 5.63** 
UPRI 99-60-4 10.98** -8.86** -0.34 -3.89** -28.03** -3.96 -3.20** -0.79** -6.00** -5.75** 
Testers 
Jaya 4.59** -3.74** 0.37 -1.02** -15.93** -7.84* -0.08 -0.22** -0.87 0.85 
Pant Dhan 4 0.88** -1.43** -0.04 0.65** 16.61** 8.96** -0.41 0.30** 1.26** -0.31 
Narendra 359 0.66* -2.21** -0.25 0.30 23.75** 18.44** -0.09 0.11 0.25 -1.50 
UPR 2870-98-
125 

-0.41 -0.58 -0.32 -1.37** 1.37 3.33 -0.61 0.09 2.14** 2.59** 

UPRI 99-1 -5.73** 7.95** 0.23 1.45** -25.79** -22.89** 1.19** -0.28** -2.78** -1.63 

*, ** Significant at 5 and 1 per cent probability level, respectively. 
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Table 3: Specific combining ability effect of superior F1 and general combining ability effect of their 
parents for grain yield per plant. 

Cross combination SCA effects GCA effects of females GCA effects of males 
UPRI 99-73-4 x UPR 2870-98-125 10.88** L H 
UPRI 99-60-1 x Narendra 359 7.31** L L 
UPRI 99-73-1 x Jaya 7.21** H L 
UPRI 99-70-1 x UPR 2870-98-125 6.95** L H 
UPRI 97-59  x Jaya 6.04** H L 
UPRI 99-73-3 x Narendra 359 5.23** L L 
UPRI 99-79-1x Pant Dhan 4 4.95** H H 
UPRI 99-73-2 x UPRI 99-1 4.92** L L 
UPRI 99-71-2 x  Narendra 359 4.31* L L 
UPRI 99-71-1x Pant Dhan 4 4.26* L H 
UPRI 99-60-2 x Narendra 359 4.14* H L 
UPRI 99-73-2 x Pant Dhan 4 3.88* L H 
UPRI 99-73-3x UPRI 99-1 3.55* L L 
UPRI 99-73-3 x  Jaya 3.54* L L 

 *, ** Significant at 5 and 1 per cent probability level, respectively. 
 

RESULTS AND DISCUSSION 

The recorded data on different quantitative 
characters were subjected to the analysis of variance 
(Table 1) which depicted significant differences 
among genotypes for all the characters studied. 
Hence, there was prevalence of genetic diversity 
among parents and F1 hybrids. Further, partitioning of 
variance components into parents, crosses and parents 
vs. crosses revealed highly significant differences 
except for panicles per plant in parents vs. crosses. 
Rashid et al. (2007) have also reported the similar 
results. Sum of squares were further partitioned into 
lines, testers and line × tester components. Significant 
differences were depicted among lines, testers and 
line × tester components except for the non-
significance of panicles per plant in testers and line × 
tester components. The ratio of gca to sca variances 
was more than one for 5 traits viz., days to 50 per cent 
flowering, plant height, panicles per plant, panicle 
length and panicle weight. Hence, there was 
preponderance of additive gene action for all these 
traits. However, non-additive gene action was found 
to be predominant for spikelet number per panicle, 
grain number per panicle, 1000-grain weight, grain 
yield per plant and harvest index, suggesting the 
development of hybrids in rice (Sao and Motiramani, 
2006). Similar results have been reported by Roy and 
Mandal (2001). Malini et al. (2006) have also 
reported the preponderance of non-additive gene 
action for quantitative characters in rice. 

The success of any plant breeding programme 
largely depends upon the appropriate choice of 
parents. Hence, the parents chosen for the present 
study were assessed based on their combining ability 

effects (Table 2). No single parent was a good general 
combiner for all the characters. However, when all 
the quantitative characters were considered together, 
UPRI 99-79-1 and UPRI 99-60-2 were found to be 
the best general combiners among lines followed by 
UPRI 97-59 and UPRI 99-60-1. Pant Dhan 4 was 
found to be the best general combiner among testers 
followed by Narendra 359 and UPRI 99-1. However, 
the present study revealed that there was no 
correspondence between per se performance and gca 
effects of the parents. Similar results have also been 
reported by Sharma et al. (2001). 

The sca is a useful index to determine the 
usefulness of a particular cross combination for the 
exploitation of heterosis (Peng and Virmani, 1990). 
Table 3 shows the top 14 cross combinations with 
significant sca effects along with the gca status of the 
parents. UPRI 99-73-4 × UPR 2870-98-125 showed 
the highest sca value (10.88) for grain yield. The best 
specific combinations identified could be tested for 
the exploitation of heterosis. 

Cross combination UPRI 99-79-1 × Pant Dhan 4 
involved parents with high × high gca status 
suggesting presence of additive × additive type of 
gene action. On the other hand, cross combinations 
UPRI 99-73-4 × UPR 2870-98-125, UPRI 99-73-1 × 

Jaya, UPRI 99-70-1 × UPR 2870-98-125, UPRI 97-59 

× Jaya, UPRI 99-71-1 × Pant Dhan 4, UPRI 99-60-2 × 

Narendra 359 and UPRI 99-73-2 × Pant Dhan 4 
involved parents with either high × low or low × high 
gca status indicating the involvement of additive × 
dominance genetic interaction. The crosses UPRI 99-
60-1 × Narendra 359, UPRI 99-73-3 × Narendra 359, 
UPRI 99-73-2 × UPRI 99-1, UPRI 99-71-2 × 

Narendra 359, UPRI 99-73-3 × UPRI 99-1 and UPRI 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

20 
 

99-73-3 × Jaya involved both parents with low gca 
status, which has been attributed to over dominance 
and epistasis (Rehman et al., 1981). Table 3 shows 
that eight out of fourteen best combinations involved 
either both parents with high gca status or at least one 
of them with high gca status thus indicating additive 
as well as non-additive genetic interactions operating 
in the crosses studied. Sao and Motiramani (2006) 
have also reported the similar results. The high yield 
potential of cross combinations with high × low gca 
effects was attributed to interactions between positive 

alleles from good general combiner and negative 
alleles from poor combiner (Dubey, 1975).  

However, good general combining inbred parents 
have not always showed high sca effects in hybrid 
combinations. Thus it may be concluded that the 
information on gca effects alone may not be sufficient 
to predict the extent of hybrid vigour by a particular 
cross combination. Therefore, information on gca 
effects of the parents needs to be supplemented along 
with the sca effects of the crosses. 
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ABSTRACT 
 

The present investigation on Sapota blended with jackfruit and avocado for value addition was 
carried out at the Division of Horticulture, University of Agricultural Sciences, GKVK, Bangalore during 
2007-08. The Sapota blended with jackfruit and avocado syrup containing 50 per cent juice, 1.50 per 
cent citric acid and 700 Brix was found to be acceptable with good organoleptic scores for appearance 
(3.71), aroma and flavour (3.91) and taste (4.40), overall acceptability (3.96). Maximum reduction of 
acidity was noticed in treatment of   S2 T2.  and Maximum increase in total sugars level was noticed   
S2T2 (50% pulp, 700B ) which recorded about 62.94-64.10  syrup.          

 
Key words:  Brix, scores, citric acid, TSS, Sugars.  

         
Sapota (Manilkara achras (Mill.) Fosberg 

(Syn: Achras zapota L.) is one of the most important 
tropical fruits belonging to the family Sapotaceae. It 
is popularly known as ‘chikku’. It is one of the 
delicious fruits of humid tropical and subtropical 
regions. It is an evergreen tree,  and native of tropical 
America . Sapota is mainly valued for its sweet and 
delicious fruits.  The fruits have an appreciable 
amount of protein, fat, fibre, calcium, phosphorus, 
iron, carotene and vitamin C (Shanmugavelu and 
Srinivasan, 1973). Sapota fruits are used for making 
sapota jam or mixed fruit jam and they provide 
valuable sources of raw material for the manufacture 
of industrial glucose, pectin and natural fruit jellies. 
They are also canned as slices. (Sulladmath and 
Reddy, 1985). 

MATERIAL AND METHODS 

The investigation was carried out at 
processing, analytical and quality control laboratories 
in the Division of Horticulture, University of 
Agricultural Sciences, and Bangalore.  

Fully riped sapota, jackfruit and avocado 
were selected and fruits of sapota, avocado were 
thoroughly washed in clean water. Pulp was extracted 
by scooping the fruits manually and the jackfruit 
fruits were thoroughly washed in clean water and 
outer skin was removed using stainless steel knife. 
The fruit were cut into small pieces, blended in a 
mixer and passed through a 30 mesh sieve to remove 
the fibrous material. The  juice was filtered  
separately by squeezing through the muslin cloth in 

different vessels. The extracted pulp was used for 
preparation of products namely sapota blended 
jackfruit and avocado syrup.  The FPO minimum 
specification for syrup is as follows: For Syrup  pulp 
45 %, minimum % of TSS 68o B and 1.50 % acidity, 
recipes were prepared with 45%, 50% and TSS 68o B 
and 70o B and 1.50 % acidity. Preparation of products 
and chemical analysis Jackfruit and avocado blended 
sapota Syrup.  
          The Syrup was prepared by blends like sapota 
pulp (75%), jackfruit pulp (20%) and avocado pulp 
(5%). 
         Blended fruit pulp and hot cane sugar syrup 
were mixed together prepared in the proportion of 
proposed recipe on volume basis. The mixture was 
heated on low heat by adding required amount of 
citric acid. Finally the product was preserved with 
Potassium met bisulphate (KMS) (100 ppm ) was 
added to prevent spoilage during storage. 
 

Separately prepared syrup was filled into the 
pre-sterilized bottle of 200ml capacity and sealed 
airtight using crown caps with the help of crown 
corking machine. Then the product was processed in 
boiling water for 25 minutes, cooled immediately and 
stored at room temperature. Using ‘Erma-hand 
refractometer’ total soluble solids content was 
recorded, titrable acidity  and total sugars were 
estimated by using Ranganna, (1977) and somogyi 
(1945) method respectively. Organoleptic evaluation 
of the product was done by a panel of 10 Judges by 
numerical scoring method (Amerine et. al, 1965). 

 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

22 
 

0

10

20

30

40

50

60

70

su
ga

rs
(%

)

Fresh 30 days 60days 90days 120 days 

storage period (days)

Fig 4 : Changes in sugars content of sapota blended with jackfruit and avocado syrup {50% pulp ( ratio 
of 70:25:05) and 70 B TSS} during storage of 120 days
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Table 1: Changes in TSS, Acidity and Total sugars content of sapota blended jackfruit  and avocado Syrup 
during storage  

Factors TSS (OB) Acidity (%) Total sugars (%) 
Pulp (%) I II I II I II 
45 (S1) 68.00 71.23 1.50 1.34 61.50 63.27 
50 (S 2) 70.00 71.39 1.50 1.35 62.17 63.38 
F-test - NS - NS * * 
SEm± - - - 0.00 0.176 0.012 
CD (5%) - - - - 0.544 0.038 
TSS (OB)       
680B (T1) 68.00 70.26 1.50 1.34 61.15 62.64 
700B (T2) 70.00 72.37 1.50 1.35 62.52 64.05 
F-test - * - * * * 
SEm± - 0.072 - 0.001 0.176 0.012 
CD (5%) - 0.222 - 0.003 0.544 0.038 
Interaction       
S1T1 68.00 70.24 1.50 1.34 60.91 62.62 
S1T2 70.00 72.23 1.50 1.35 62.10 63.92 
S2T1 68.00 70.28 1.50 1.34 61.40 62.65 
S2T2 70.00 72.50 1.50 1.35 62.94 64.10 
F-test - NS - NS NS * 
SEm± - - - 0.00 0.00 0.017 
CD (5%) - - - - - 0.53 

I - 0 days    * Significant at 5%;       
II – 120 days after stotage                            NS = Non-significant 
 

S1T1 : 45% pulp, 68OB 
S1T2 : 45% pulp, 70OB 
S2T1 : 50% pulp, 68OB 
S2T2 : 50% pulp, 70OB 

 
Table 2:  Organoleptic scores sapota blended jackfruit and avocado syrup during storage  

Factors AppearanceGOO Aroma and flavour Taste Over all acceptability 
Interaction     

S1T1 3.51 3.80 4.20 3.71 
S1T2 3.46 3.90 4.30 3.66 
S2T1 3.56 3.80 4.15 3.91 
S2T2 3.71 3.91 4.40 3.96 
F-test * NS * * 
SEm± 0.012 - 0.004 0.012 
CD (5%) 0.039 - 0.012 0.039 

* Significant at 5%;          NS = Non-significant 
 

S1T1 : 45% pulp, 68OB 
S1T2 : 45% pulp, 70OB 
S2T1 : 50% pulp, 68OB 
S2T2 : 50% pulp, 70OB 

 

 
 

Plate 1 : Sapota blended jackfruit and avocado syrup prepared with 45% and 50% pulp (sapota, jackfruit, avocado in 
the ratio of 75:25:05) and TSS 680B and 700B 
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RESULTS AND DISCUSSION 

The results of the changes in chemical 
composition of sapota blended jackfruit and avocado  
syrup show that , maximum increase in Total soluble 
solid level during the storage period of 120 days in 
treatment S2 T2  (30% pulp, 500B and 1.00 % acidity ) 
in case of syrup i.e. from 70-72.05 as shown in table 
1.  Similar results were obtained in Vijay Jain et al. 
(2006) in aonla squash,   Madan lal chowdhary et al  
(2006) in guava RTS , Kannan and Susheel 
thirumaran (2004) in Jamun syrup. 
 Acidity of syrup gradual decrease after 
storage period of 120 days (as shown in Tables 1). 
Maximum reduction of acidity was noticed in 
treatment of  S2 T2   in syrup. This  might also be due 
to hydrolysis of polysaccharides and non reducing 
sugars where acid is utilised for converting it into 

reducing . Analogous results were reported by 
Gajanana  (2002) in amla juice. 
 Maximum increase in total sugars level was 
noticed   S2T2 (50% pulp, 700B ) which recorded 
about 62.94-64.10  syrup. Similar results were also 
observed by Gajanana (2002) in amla juice. Jain et al 
. (1984) in Orange, Bael and lemon squash, Venilla 
and Sambandamurthi (1997) in Coconut syrup. 
Organoleptic qualities of Sapota blended jackfruit 
and avocado syrup 

These products prepared with different 
recipes were subjected to Organoleptic evaluation 
after 120 days to   assess the quality attributes. 
Appearance, aroma and flavour, taste and overall 
acceptability of product prepared with 50% pulp and 
TSS levels of 700 B (S2 T2 ) in syrup was given more 
points and best the other levels of juices as shown in 
Table 2. 
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ABSTRACT 

The study was conducted in four villages of three Panchayat Samities of Udaipur district by 
interviewing 80 trained and 80 untrained farmers. Thus total sample comprised 160 maize growers. 
There was significant association between different variables viz., age, education, land holding, family 
type, family size and social participation with knowledge and adoption of trained, untrained and overall 
maize growing respondents. One of the attribute of respondents viz., caste was found to be not 
associated with knowledge adoption level of beneficiary maize growers. 
 

Key words: Adoption, Knowledge, Maize, Technology, Trained, Un-trained and Variables.        
        
Maize is the most important major crop of Udaipur 
district. It covers 1,73,614 lakh ha. of land. The 
importance of this crop is many folds, as it is being 
used as food, fodder and industrial purpose. Krishi 
Vigyan Kendra of Udaipur district is engaged in 
promoting scientific agriculture in their area for more 
than a decade. It is, therefore, important to know as to 
how far KVK has been able to increase adoption level 
and factors associated with knowledge and adoption 
of improved cultivation practices of maize in 
respective areas. The present study was conducted to 
know the factors affecting the knowledge and 
adoption level of improved maize cultivation 
practices by trained and untrained maize growers.  

 

 

MATERIAL AND METHOD 

        The study was conducted in four villages of 
three Panchayat Samities namely Girwa, Dhariyavad, 
and Kherwara in Udaipur district of Rajasthan where 
training was conducted by the Krishi Vigyan Kendra 
Udaipur. From each village 20 farmers who had 
participated in training were selected randomly. Thus 
total 80 trained farmers were interviewed. Equal 
number i.e. 80 maize growers from adjoining villages 
were interviewed as untrained respondents. Thus total 
sample size comprised of 160 respondants was 
interviewed with specially designed interview 
schedule. Personal interview method was used for 
data collection. The data were analyzed by using 
suitable statistical tools like percentage, mean and 
chi-square etc. 

Table 1. Association between personal attributes and knowledge level of respondents about maize 
production technology 

Personal attributes 

Trained (n = 80) Untrained (n = 80) Pooled (n = 160) 

Low  
(below 

53) 

Medium & 
high (above 

53) 
Total 

X2  
& 
'C' 

Value 

Low 
(below 

53) 

Medium 
& high 

(above 53) 
Total 

X2  
& 

'C' Value 

Low 
(below 53) 

Medium 
& high  

(above 53) 
Total 

X2  
& ' 
C' 

Value 
Age 
Young 
(below 42 years) 15 12 27 16.08** 33 9 42 19.84** 48 21 69 45.15** 

Old 
(above 42 years) 7 46 53 0.40 11 27 38 0.44 18 73 91 0.44 

Caste 
ST 16 36 52 0.79NS 34 9 43 21.76** 50 45 95 12.49** 
OBC 6 22 28 0.09 10 27 37 0.46 16 49 65 0.26 
Education 
Up to Primary 12 11 23 9.85** 32 9 41 18.05** 44 20 64 22.28** 
Above Primary 10 47 57 0.33 12 27 39 0.45 22 74 96 0.41 
Size of land holding 
Small  (<2 ha) 16 13 29 17.40** 30 16 46 4.56* 46 29 75 23.49** 
Big (> 2 ha) 6 45 51 0.42 14 20 34 0.23 20 65 85 0.35 
Family type 
Nuclear 7 47 54 17.60** 20 8 28 4.69* 27 55 82 6.46* 
Joint 15 11 26 0.42 24 28 52 0.23 39 39 78 0.19 
Family size 
Small 7 47 54 17.60** 20 8 28 4.69* 27 55 82 6.46* 
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Personal attributes 

Trained (n = 80) Untrained (n = 80) Pooled (n = 160) 

Low  
(below 

53) 

Medium & 
high (above 

53) 
Total 

X2  
& 
'C' 

Value 

Low 
(below 

53) 

Medium 
& high 

(above 53) 
Total 

X2  
& 

'C' Value 

Low 
(below 53) 

Medium 
& high  

(above 53) 
Total 

X2  
& ' 
C' 

Value 
Big 15 11 26 0.42 24 28 52 0.23 39 39 78 0.19 
Social participation 
No. member of 
any     
organization 

15 12 27 16.08** 32 11 43 14.16** 47 23 70 34.42** 

Member of 
organization 7 46 53 0.40 12 25 37 0.38 19 71 90 0.42 

22 58 80  44 36 80  66 94 160  

* = Significant at 5% level, ** = Significant at 1% level, NS = Non-significant 

Table 2. Association between personal attributes and adoption level of respondents about maize 
production technology 

Personal attributes 

Trained (n = 80) Untrained (n = 80) Pooled (n = 160) 

Low  
(below 

53) 

Medium & 
high (above 

53) 
Total 

X2  
& 
'C' 

Value 

Low 
(below 

53) 

Medium & 
high (above 

53) 
Total 

X2  
& 
'C' 

Value 

Low 
(below 

53) 

Medium & 
high (above 

53) 
Total 

X2  
& ' 
C' 

Value 
Age 
Young 
(below 42 years) 17 10 27 19.07** 34 8 42 16.17** 51 18 69 39.13** 

Old 
(above 42 years) 8 45 53 0.43 14 24 38 0.41 22 69 91 0.44 

Caste 
ST 18 34 52 0.78NS 36 7 43 21.79** 54 41 95 11.86** 
OBC 7 21 28 0.09 12 25 37 0.46 19 46 65 0.26 
Education 
Up to Primary 14 9 23 13.18** 34 7 41 18.41** 48 16 64 37.10** 
Above Primary 11 46 57 0.37 14 25 39 0.43 25 71 96 0.43 
Size of land holding 
Small  (<2 ha) 17 12 29 15.86** 32 14 46 4.12* 49 26 75 22.10** 
Big (> 2 ha) 8 43 51 0.40 16 18 34 0.22 24 61 85 0.34 
Family type 
Nuclear 9 45 54 16.44** 22 6 28 6.19* 31 51 82 4.14* 
Joint 16 10 26 0.41 26 26 52 0.26 42 36 78 0.15 
Family size 
Small 9 45 54 16.44 22 6 28 6.19* 31 51 82 4.14* 
Big 16 10 26 0.41 26 26 52 0.26 42 36 78 0.15 
Social participation 
No. member of any 
organization 16 11 27 14.87** 34 9 43 14.08** 50 20 70 33.39** 

Member of 
organization 9 44 53 0.39 14 23 37 0.38 23 67 90 0.41 

25 55 80  48 32 80  73 87 160  
* = Significant at 5% level, ** = Significant at 1% level, NS =Non-significant  
 

RESULT AND DISCUSSION 

 The result and discussion is presented as 
below.  

1. i Factors affecting the knowledge level of 
improved maize cultivation by trained and 
untrained maize growers 

The factors affecting the knowledge level of 
improved maize cultivation by trained and untrained 
maize growers are presented in Table 1. In order to 
ascertain the association between selected personal 
characteristics of maize growers with their level of 
knowledge about maize cultivation practices, chi-
square test was applied. Paradigm showing 
association between personal attributes and the level 
of knowledge of respondents about maize production 
technology is being presented here.               

     The data incorporated in table 1 reveals 
that the calculated chi-    square value was 45.15 for 

overall respondents, 16.08 for trained respondents and 
19.84 for untrained respondents respectively, which is 
highly significantly associated with the knowledge of 
farmers about maize cultivation practices at one per 
cent level of significance. It means, age of 
respondents exerted a highly significant effect on the 
knowledge level.   

The data also indicated that regarding caste 
the calculated value of chi-square for overall and 
untrained maize growers was significant. It means 
caste of respondents play an important role on 
knowledge. In case of trained maize growers it was 
non-significant. This might be due to the training has 
nullified the significance impact of caste over 
knowledge. In other words trained respondents gained 
equal knowledge irrespective of their caste.                

Table 1 also stated that regarding education 
the calculated chi-square value was 22.28 for overall 
respondents, 9.85 for trained respondents and 18.05 
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for untrained respondents which are highly 
significantly associated with the knowledge of 
farmers about maize cultivation practices at 1 per cent 
level of significance. It means educational level of 
respondent’s affect significantly on the knowledge 
level of respondents.     

The study of table 1 reveals that regarding 
size of land holding calculated chi-square value was 
23.49 for overall respondents, 17.40 for trained and 
4.56 for untrained respondents which were less than 
their tabulated value at 1 per cent ,5 per cent and 1 per 
cent of significance respectively. It means land 
holding of respondent’s effect significantly on the 
knowledge level of respondents. 

It can be seen from the  table 1 that 
regarding family size calculated chi-square value was 
6.46 for overall respondents, 17.60 for trained, 4.69 
untrained respondents respectively were significant at 
1 and 5 per cent level of significance. It means family 
size variable exerted highly significant effect on the 
knowledge level of farmers.          

   These findings are also supported by 
Chandawat (2002) who revealed that the family size 
was significantly associated with knowledge level of 
respondent about maize production 
technology.               

Table 1 revealed that regarding family type 
calculated chi-square value was 6.46 for overall 
respondents, 17.60 for trained, 4.69 untrained 
respondents respectively were significant at 1 and 5 
per cent level of significance. It means family type 
variable exerted highly significant effect on the 
knowledge level of farmers.    

The data incorporated in table 1 indicated that 
regarding social participation the calculated chi-
square value was 34.42 for overall respondents, 16.08 
for trained respondents and 14.16 for untrained 
respondents respectively were significant at 1 per cent 
level of significance. It means social participation 
variable exerted significant effect on the knowledge 
level of farmers. 

These findings are also in the line of finding of 
Chandawat (2002) and Mahawer (1998).             

1. ii Factors affecting the adoption level of 
improved maize cultivation by trained and 
untrained maize growers 

The factors affecting the adoption level of 
improved maize cultivation by trained and untrained 
maize growers are presented in Table 2. In order to 
ascertain the association between selected personal 
characteristics of maize growers with their level of 
adoption about maize cultivation practices, chi-square 
test was applied. Paradigm showing association 
between personal attributes and the level of adoption 
of respondents about maize production technology is 
being presented here.               

The data in table 2 reveals that in case of age 
calculated chi-square value was 39.13 for overall 
respondents, 19.07 trained respondents and 16.17 for 

untrained respondents respectively, which were 
positive and significantly associated with the extent of 
adoption of farmers about maize cultivation practices 
at 1 per cent level of significance. It means age of 
respondents exerted a significant effect on the extent 
of adoption of farmers.                 

From table 2 indicated that the calculated 
value of chi-square for overall and untrained maize 
growers was significant in case of caste. It means 
caste of respondents play an important role on 
knowledge. In case of trained maize growers it was 
non-significant this might be due to the training 
imparted by KVK personnel at Udaipur. The trained 
respondents equally adopted the maize production 
technology at their farm irrespective of their caste. 
               

Regarding education calculated chi- square 
value was 37.106 for overall respondents, 13.18 for 
trained respondents and 18.41 for untrained 
respondents which were significantly associated with 
the extent of adoption of farmers about maize 
cultivation practices at 1 per cent level of 
significance. It means education level of respondents 
exerted significant effect on the extent of adoption of 
farmers.         

From table 2 that it is seen that calculated 
chi- square value of land holding was 22.10 for 
overall respondents, 15.86 for trained respondents and 
4.12 for untrained respondents which were 
significantly associated with the extent of adoption of 
farmers about maize cultivation practices at 1 per cent 
and 5per cent level of significance. It means size of 
land holding of respondents exerted significant effect 
on the extent of adoption of farmers. 

The critical study of table 2 reveals that 
calculated chi- square value was 4.14 for overall 
respondents, 16.44 for trained and 6.19 for untrained 
respondents which were highly significant at 1 and 5 
per cent level of significance. This reveals that there 
is significant association between family type and 
extent of adoption of respondents.    

Table 2 also stated that calculated chi- square 
value was 4.14 for overall respondents, 16.44 for 
trained and 6.19 for untrained respondents which 
were highly significant at 1 and 5 per cent level of 
significance. This reveals that there is significant 
association between family type and extent of 
adoption of respondents.    

These findings are also supported by Bhople et 
al. (1998) who reported that significant association 
between family size and extent of adoption among 
tribal farmers.               

It can be seen from the table 2 that calculated 
chi- square value was 33.39 for overall respondents, 
14.87 for trained respondents and 14.08 for untrained 
respondents which were significantly associated with 
the extent of adoption of farmers about maize 
cultivation practices at 1 per cent level of 
significance. It means social participation of 
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respondents’ exerted significant effect on the extent 
of adoption of farmers.  

These findings are also supported by 
Mahawar (1998) who founded that there was 
significant association between age, education and 
knowledge level of farmers about maize, wheat and 
green gram production technology.                

CONCLUSION 

1. The socio-economic variables namely age, 
education, caste, size of land holding, family 
size and social participation were significantly 
related with knowledge level. Thus the 
extension worker can manipulate these variables 

wherever possible to improve knowledge and 
ultimately its adoption among the maize 
growers. 

2. There was significant association between 
different variables viz., age, education, land 
holding, family type, family size and social 
participation with adoption of trained, untrained 
and overall maize growing respondents. 

3. One of the attribute of respondents viz., caste 
was found to be not associated with adoption 
level of beneficiary maize growers. 

These findings are also in the line of finding 
of Chandawat (2002) and Mahawer (1998).            
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ABSTRACT 
  

The study was carried out to soil fertility on the basis of correlation between status of OC, pH 
and available Fe in black soil of  Navagarh block  under  Janjgir district of Chhattisgarh. The soil pH 
varied from 5.8 to 8.0 (mean 6.24) and indicated that soils were found to be moderately acidic to 
slightly alkaline in reaction. The mean value of organic carbon was 0.58% and about 90% soils of this 
block comes under medium fertility group.  The available iron and manganese and content were 
ranged from 0.44 to 91.6 mg kg-1 (mean 23.8 mg kg-1) respectively in soil of Navagarh block. Most of 
soil samples were found in sufficient levels of Fe. The correlation studies between available 
micronutrient Fe and soil properties (pH, OC) showed significant correlation with pH but significant with 
OC.  

Key words: Correlation, organic carbon, pH and Fe. 

Soil fertility has a direct relation with the 
crop yields, provided other factors are in optimum 
level. Soil fertility must be periodically estimated as 
there is continues removal of macro and micro 
nutrients by the crop intensively grown in every crop 
season. In order to achieve higher productivity and 
profitability, every farmer should realize that fertility 
levels must be measured as these measurements can 
then be used to manage soil fertility. 
     Soil fertility is related to the amount of available 
nutrients Iron and their correlation with OC (organic 
carbon ) and pH. Some measure it by the yield 
capacity, and others look it to be a function of organic 
matter or even soil texture. In brief, soil fertility refers 
to the availability status of essential macro and micro 
nutrients in the soil (Tisdale et.al., 1993).Soil fertility 
status is essential for judicious use of fertilizers and 
assurance of better crop yields. The diagnostic 
techniques for fertility evaluation include fertilizer 
trials, Soil test and plant analysis. Out of these, soil 
test provides the most accurate information on the 

availability of various plant nutrients (Dahnke and 
Olsen, 1990). 
 

MATERIALS AND METHODS 

Soil physicochemical characteristics of  Soil pH 
was determined in 1:2.5 soil - water suspension after 
stirring for 30 minutes, by glass electrode pH meter as 
suggested by Piper.The sample soil used for pH 
determination was allowed to settle down for four 
hours then conductivity of supernatant liquid was 
determined by Solu- bridge as described by Black 
(1965) . Organic carbon was determined by Walkley 
and Black’s rapid titration method (1934) . The 
micronutrients Fe were extracted by using 0.005M 
DTPA (Diethyl triamine penta acetic acid), 0.01M 
calcium chloride dehydrate and 0.1M triethanol amine 
buffered at 7.3 pH  Lindsay and Novell (1978) and 
concentrations were analyzed by atomic absorption 
spectrophotometer 4129. 

 
Table 4.1:  Salient soil properties of the study area 

Soil characteristics Range Mean S.D 
pH  (1:2.5,Soil:water) 5.8 – 8.0 6.24 ± 0.28 

O.C. (%) 0.29 - 0.88 0.58 ± 0.06 
Available Fe (mg kg-1) 0.44 - 91.6 23.8 ± 12.51 

 
Table 4.2 : Range and Mean values of different nutrients in study area according     to soil type  
 

SOIL PARAMETERS ALFISOLS VERTISOLS 
RANGES MEAN RANGES MEAN 

pH 6-7.3 6.20 6.5-8.0 7.16 
Organic carbon% 0.29-0.88 0.58 0.32-1.49 0.53 
Available Fe mg kg-1 0.44-91.56 24.42 2.24-33.38 10.41 
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Table 2: Category of soils samples under different pH rating of Navagarh  block 

 
Table 3 : Distribution and categorization of organic carbon status  

 
Available Fe status 
Table : Distribution of available iron status in surface soils of Navagarh  block 

 
Table 4.18: Correlation coefficients (r) between physico-chemical properties   and DTPA -extractable Fe  
in Vertisols of Navagarh block 

Soil properties Zn 
pH -0.306** 
EC -0.067* 
OC 0.074* 

     *Significant at 5% level                 ** Significant at 1% level  

 

 
fig 4.4: Soil available Fe as affected by pH and Organic C 
 

 
 

Classes Limit 
Alfisols Vertisols Total 

(%) No. of 
Samples % Samples No. of Samples % Samples 

Strongly acid <5.0 0 0 0 0 0 
Moderately acid 5.1-6.0 273 21.4 0 0 21.24 
Slightly acid 6.1-6.5 888 69.10 0 0 69.10 
Neutral 6.6-7.5 71 5.52 38 2.96 8.48 
Slightly alkaline 7.6-8.5 0 0 15 1.16 1.16 

Organic carbon (%) Alfisols Vertisols Total 
(%) Classes No. of Samples % Samples No. of Samples % Samples 

Very Low (<0.25) 0 0 0 0 0 
Low (0.25-0.50) 96 7.47 24 1.87 9.33 
Medium (0.50-0.75) 1134 88.25 27 2.10 90.35 
High (>0.75) 2 0.16 2 0.16 0.31 

Available Fe  (mg kg-1) 
Alfisols Vertisols 

Total (%) 
No. of Samples % Samples No. of Samples % Samples 

Deficient <4.5 29 2.25 6 0.46 2.72 
Sufficient 4.5-9 116 9.02 26 2.02 11.05 
High level >9 1087 84.59 21 1.63 86.22 
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RESULTS AND DISCUSSION 

Physico-chemical characteristics  
  Soil reaction (pH)  

A study on soil pH (Table 1) revealed that the soil 
samples collected from the farmer’s field were acidic to 
slight alkaline in reaction and pH ranged from 5.8 to 8 
with an average of 6.24. Singh et al. (2009) reported that 
surface and subsurface soils were normal to slightly 
alkaline in reaction in the soils of district Ghazipur, Uttar 
Pradesh. Considering in Table 2 the soils having <5.0 as 
strongly acidic, 5.1 to 6.0 as moderately acidic, 6.1 to 
6.5 as slightly acidic, neutral as 6.6 to 7.5 and slightly 
alkaline as 7.6 to 8.5. In general out of 1285 samples 
21.24% soils were found in moderately acidic, 69.1% in 
slightly acidic, 8.48% neutral and 1.16% slightly 
alkaline in reaction (Table 2).  
Organic carbon (OC) 

Data presented in Table 1 and 3 revealed that most 
of the soils are having low to medium status of organic 
carbon. It ranged from 0.29 to 0.88 % with a mean value 
of 0.58% covering all the black soil group (Alfisol and 
Vertisol). Nearly 90.35 % soil samples of Navagarh 
block of Janjgeer- Champa district were medium in 
organic carbon content. Considering the soils having 
<0.25% as very low, 0.25- 0.50 % as low, 0.50- 0.75% 
medium and >0.75% as high in OC status. The overall 
organic carbon ranges from 0.29 to 0.88 and 0.32 to 1.67 
and with mean of 0.58 and 0.53% in Alfisol and 
Vertisol, respectively (Table 1). The soils of Navagarh 
were found 9.33% in low, 90.35 % in medium and only 
0.31% soil samples in high organic carbon status.  

 High temperature and good aeration in the soil 
increased the rate of oxidation of organic matter 
resulting reduction of organic carbon content. The high 
temperature prevailing in the area is responsible for the 
rapid burning of organic matter, thus resulting low to 
medium in organic carbon content of these soils. Similar 
results were also reported by Sharma et al. (2008) in soil 
of Amritsar district of Punjab state.  

              The DTPA-extractable Fe content of soils under 
study varied from 0.44 to 91.56 mg kg-1 with an average 
of 23.85 mg kg-1 (Table 4.1). These finding corroborate 
with results as reported by Rajeshwar et al. (2009) in 
soil of Krishna district of Andhra Pradesh and also 
confirm the findings of Singh et al. (2009) . In the soils 
of district Gajipur, Uttar Pradesh. Considering 4.5 mg 
kg-1 DTPA-extractable Fe as critical limit (Table 4.2) 
(Lindsay and Norvell, 1978), these soil samples were 
found 2.72% deficient, 11.05% sufficient and 86.22 % 
high in available Fe content (Table 4.9). High available 
Fe content in soils of Navagarh block might be due to its 
topography and cultivation of rice, which induced 
prolonged submergence coupled with reducing 
conditions. Majority of the soils were not deficient in Fe 
as the amount of iron required by crops is being released 
by iron bearing minerals in these soils. The soil pH had 
reverse effect on the availability of Fe content in soil. It 
was concluded from the table 4.9 that 84.59 and  total 
86.22% samples under high level of Fe and 9.02 and  
total 11.05%, samples under sufficient level of Fe, where 
as 2.25 and total 2.72% samples were fall under 
deficient in available Fe in, Alfisol and Alfisol + Vertisol 
included under black soil group, respectively.  

 
4.9 Relationship between soil characteristics and 
DTPA-extractable Fe in Vertisol 

A significant negative correlation (r = -0.306**) of 
available Fe with pH (Table 4.18) was observed in 
Vertisols of Navagarh block. The findings are in 
conformity with observations reported by Meena et al. 
(2006). The availability of Fe content show higher 
values due to their solubility effects. Similar results were 
also reported by Kumar et al. (2009) for available Fe. 
Organic carbon was positive and significantly correlated 
(r = 0.074**) with available content of zinc (Table 4.18). 
Rajeshwar et al (2009) confirmed similar result observed 
by Kumar et al. (2009) in Dumka series of Santhal 
Paraganas region of Jharkhand. 
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ABSTRACT 

Sixteen cluster bean varieties were evaluated under rainfed conditions at Agricultural Research 
Station, Keshwana, Jalore (Rajasthan). Year wise average seed yield ranged between 5.90 q/ha and 
15.89 q/ha; however, variety wise it varied between 5.46 q/ha to 18.22 q/ha with the average of 10.31 
q/ha. One thousand seed weight among varieties ranged between 26.97g and 30.03 g with the 
average of 29.13 g. The maximum seed yield has been provided by RGC-1033. Other varieties 
performed above average are RGM-112, RGM-1003, RGM-1038, RGM-1055, HG-563, RGM-1017, 
RGM-1002, RGM-936 and RGM-1066 with the seed yield of 16.59, 12.36, 12.07, 12.03, 11.93, 11.79, 
11.40, 11.38 and 10.38 q/ha, respectively. All these high yielding varieties of cluster bean appear 
suitable for cultivation in arid Rajasthan. 

Validation of crop management and plant protection practices at farmer’s fields revealed that seed 
treatment with carbandazim 2 g/kg and bio-fertilizers; basal application of chemical fertilizers N 7.50 kg 
and P 30 kg/ha followed by foliar spray of 1% soluble NPK (19:19:19) at flowering stage; and foliar 
spray of plant protection chemicals azadirachtin 0.03% and trizophos 1.5 lit./ha at 30 and 45 days after 
sowing are appropriate for harnessing the higher seed yield. 

Key words: Cluster bean, INM, IPM, rainfed situation, seed yield and varietal evaluation.         

Cluster bean (Cyamopsis tetragonoloba L.) 
locally known as guar is originated from India–
Pakistan area (Purseglove, 1981). It is an upright deep 
rooted legume and has ability to grow under harsh 
climate, low rainfall and poor soil conditions and 
considered as significant crop for arid Rajasthan. The 
crop grows well under wide range of soil conditions 
including marginal lands but performs best on fertile, 
medium-textured and sandy loam well drained soils. 
Guar has ability to tolerate high temperature and 
drought but susceptible to water logging conditions. It 
is moderately tolerant of both soil salinity and 
alkalinity. Guar is an excellent soil improving crop 
and fits well in a crop-rotation with cereals like pearl 
millet, sorghum, etc. Its root nodules contain nitrogen 
fixing bacteria which enhance soil fertility by fixing 
atmospheric nitrogen for its own necessitates and also 
for the succeeding crop (Bewal et al., 2009). The 
existence of this crop is important for long term 
sustainability of agriculture in arid zone. 

Cluster bean is largely cultivated as rainfed 
crop for seed production. Its straw is a source of 
nutritional fodder for domestic animals. Tender pods 
of cluster bean are consumed as vegetable. The crop 
is also turned in to the soil at flowering stage for 
green manuring. It is also cultivated as nutritious 
green fodder for animals as sole crop or mixed with 
fodder cereals like pearl millet and sorghum, etc. 
Cluster bean seed has a large endosperm that contains 
significant amount of galactomannan gum, which 
constitutes about 30-32% of the whole seed. After 
extracting gum, its by-product is used as cattle feed 
that contains approximately 35% protein, which is 

about 95% digestible. Guar gum forms a viscous gel 
in water and has diversified uses in food processing, 
cosmetics, textile and paper industry, 
pharmaceuticals, explosives, petroleum well drilling, 
etc. (Pandey and Roy, 2011).  
 India is the largest producer of cluster bean 
in the world and constitutes about 80% of the total 
production. Recently, the rise in global demand of 
guar gum has suddenly enhanced market price and 
has become as the most significant crop of arid zone 
for revenue generation. Cluster bean cultivation has 
transformed the economic status of large number of 
farmers. Rajasthan is the largest growing state of guar 
in the country accounting about 70% of total 
production. The area of cluster bean in Rajasthan is 
2684976 ha (average of 2004-05 to 2008-09) with 
grain production of 818959 tonnes (Anonymous, 
2009-10). It is basically cultivated as rainfed crop 
which exposed to mild to severe droughts depending 
upon amount and distribution of rainfall. Therefore, 
its production varies year after year with the amount 
and distribution of rainfall as well as infestation of 
pest and diseases. Bikaner, Churu, Barmer, Jaisalmer, 
Hanumangarh, Jodhpur, Nagaur and Sriganganagar 
are major cluster bean growing districts of the state. 
However, its average productivity in Rajasthan is 3.05 
q/ha. 

Arid legume improvement programme of 
ICAR along with State Agricultural Universities is 
developing many potential varieties for different 
agro-ecological situations of arid and semi-arid 
regions of India. The newly developed varieties are 
superior under particular situation. Present studies 
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have been conducted with the objectives to predict the 
future performance of varieties as well as suitable 
INM and IPM practices for harnessing the higher 
yield of cluster bean under rainfed situation of arid 
Rajasthan. 
 

MATERIALS AND METHODS 

Three separate experiments on selection of 
high yielding varieties, integrated nutrient 
management (INM) and integrated pest management 
(IPM) were conducted in Transitional Plain of Luni 
Basin (Zone IIb) of Rajasthan, which covers whole 
area of district Jalore and pali, and a part of district 
Jodhpur and Sirohi. The performance of sixteen 
released and notified varieties of cluster bean was 
tested for four years at experimental farm of 
Agricultural Research Station, Keshwana, Jalore. The 
site is situated at latitude of 25o 23.115’ N and 
longitude of 72o 30.726’ E, elevation 149.9 msl and 
has a tropical arid climate with mean annual rainfall 
of 421 mm. Soil at the site was clay loam slightly 
saline in reaction (pH 8.7) and low in organic carbon 
(0.23 %). The experiment was laid out in a 
randomised block design with 3 replications. Sowing 
was done on 17.07.2007, 07.07.2008, 16.07.2011 and 
20.07.2012, respectively. Plot size was kept as 2.5m x 
4.0m accommodating 8 rows at 30 cm spacing with 
seed rate of 20 kg ha/ha. A fertilizer dose of N 10 
kg/ha and P 40 kg/ha was applied as per zonal 
recommendation. Additional foliar spray of 1% 
soluble NPK (19:19:19) at flowering and grain 
development stage was also applied to the crop during 
2011 and 2012 for harvesting the higher yield. One 
hoeing was carried out at about 25 days after sowing 

and one hand weeding at 15 days thereafter to keep 
crop free from weeds. The experiment has been 
conducted as rainfed but under moisture stress 
situation life saving irrigation was also applied to the 
crop. Data collected on seed yield was analysed using 
standard analysis of variance (ANOVA) through 
Excel software of Microsoft Office. 

Another experiment on integrated nutrient 
management with four treatment combinations and 
IPM experiment with 3 treatment combinations were 
conducted in 2011 at 16 and 15 farmer’s fields, 
respectively. Experiments were laid out uniformly in 
strips of 0.40 ha. Variety RGC-1017 was used for 
experimentation. All experimental inputs including 
seed, fertilizers and pesticides as per requirement of 
the treatments were provided to farmers. These trials 
were conducted under RKVY project with the 
objective of validation and transfer of technology at 
farmer’s fields. 

Technology demonstrations of improved 
variety RGC-1002; seed soaking in thiourea 500 ppm 
for 3 hrs followed by seed treatment with fungicide, 
insecticide and bio-fertilizers, basal application of N 
10 kg and P 40 kg/ha; and foliar spray of thiourea 500 
ppm at 40-45 days after sowing were organised with 
the objective of demonstration and extension of 
improved technology at farmer’s fields. 
Demonstrations were conducted uniformly in 0.4 ha 
at 71 farmer’s fields in an adopted village of district 
Jalore under RKVY project in 2010. As a part of 
extension activities, field day cum training 
programmes were also organised for perusal of crop 
performance under technology demonstrations.

 
Table-1. Seed yield of different varieties of cluster bean 
Varieties Seed yield (q/ha) 1000 seed wt. (g) 

2007 2008 2011 2012 Mean 
RGC- 936  6.84 7.87 16.12 14.70 11.38 29.80 
RGC- 1002  8.20 8.33 15.98 13.07 11.40 30.03 
RGC- 1003  8.67 8.50 20.07 12.20 12.36 29.30 
RGC- 1017  8.33 8.13 16.17 14.53 11.79 29.20 
HG- 365 8.57 7.67 - 13.47 9.90 30.53 
HG- 563 6.66 8.30 18.03 14.73 11.93 29.00 
RGM- 112  - - 19.47 13.70 16.59 29.10 
RGC- 986 2.76 2.07 12.70 12.83 7.59 29.23 
GG- 1 3.31 2.27 - 10.80 5.46 28.67 
HG- 75 4.01 2.23 11.28 10.03 6.89 29.40 
RGC- 1031 3.48 1.80 12.77 12.27 7.58 29.30 
RGC- 1033 - - 17.67 18.77 18.22 29.73 
RGC- 1038  6.83 7.60 17.52 16.33 12.07 28.00 
RGC- 1055  5.84 8.10 18.77 15.40 12.03 26.97 
RGC- 197*  3.63 2.70 10.57 9.73 6.66 28.27 
RGC- 1066*  7.35 7.00 15.35 11.83 10.38 29.60 
Mean 6.03 5.90 15.89 13.40 10.31 29.13 
CD(p=0.05) 0.899 0.91 2.12 2.37 - 1.18 
 *Un-branched 
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Table-2. Seed yield of cluster bean as affected by nutrient management at farmer’s fields 

Treatments Seed yield 
(q/ha) 

% Increase over 
FP 

125% RDF  7.07 18.67 
100% RDF (15N & 40P) + Bio-fertilizer (Azotobactor + PSB culture) 6.64 13.40 
75% RDF + Bio-fertilizer (Azotobactor + PSB culture) + 1% foliar spray of soluble NPK 
(19:19:19) at flowering stage 

7.18 19.92 

Farmer practice (FP) 5.75 - 
 
Table-3. Grain yield of cluster bean as affected by different pest management modules 

Treatments Average seed 
yield (q/ha) 

% Increase 
over FP 

Organic module: Seed treatment with Trichoderma @ 8 g + BF(Rhizobium + PSB 
culture) foliar spray of Azadirachtin  @ 0.03% at 30 and 45 days after sowing  

9.352 12.51 

IPM module: Seed treatment with Carbandazim + BF (Rhizobium + PSB culture )+ 
First foliar spray of Azadirachtin @ 0.03% at 30 days and second foliar spray of 
Trizophos @1.5 lit./ha at 45 days after sowing 

11.025 25.77 

Control: Farmer’s practice 8.182 - 
 

RESULTS AND DISCUSSION 
 
Varietal evaluation 

Differences among varieties for seed yield 
were found statistically significant during all four 
years. Year wise average seed yield ranged between 
5.90 q/ha and 15.89 q/ha. The experiment has been 
conducted under rainfed situation therefore; this wide 
range of fluctuation in the productivity is largely 
affected by the amount and distribution of rainfall 
along with the change in temperature and relative 
humidity in different years. Variety wise average seed 
yield of cluster bean varied between 5.46 q/ha to 
18.22 q/ha with the average of 10.31 q/ha. One 
thousand seed weight among varieties ranged 
between 26.97g and 30.03 g with the average of 29.13 
g. The maximum test weight was observed in HG-365 
followed by RGC-1002, RGC-936, RGC-1033 and 
RGC-1066 with 30.03, 29.80, 29.73, ad 29.60 g, 
respectively. 

The maximum seed yield has been provided 
by RGC-1033. Other varieties performed above 
average are RGM-112, RGM-1003, RGM-1038, 
RGM-1055, HG-563, RGM-1017, RGM-1002, RGM-
936 and RGM-1066 with the seed yield of 16.59, 
12.36, 12.07, 12.03, 11.93, 11.79, 11.40, 11.38 and 
10.38 q/ha, respectively. All these high yielding 
varieties of cluster bean may be cultivated for 
enhancing the production and productivity as well as 
varietal diversity for sustainable production in arid 
Rajasthan.   

Kumawat et. al., 2006 reported that 
recommended varieties of cluster bean provided 
significantly higher yield over local cultivar at farmer 
field in district Sikar. Sharma et al., 2013 studied 
cluster bean cultivars at molecular level to distinguish 
them for their special characters and to differentiate 
varieties collected from different geographical 
regions. Douglas (2005) evaluated large number of 
cluster bean lines in Australia for four years and 
identified two high yielding cultivars with suitable 
plant type for commercial production in Australia.  

 
Integrated nutrient management  

Results revealed that all three treatments 
provided higher seed yield over farmer’s practice, 
which indicate that the use of fertilizers in cluster 
bean is poor at farmer’s fields. Seed treatment with 
bio-fertilizers, basal application of N 7.50 kg/ha and P 
30 kg/ha and foliar spray of one percent soluble NPK 
(19:19:19) at flowering stage provided 19.92 percent 
higher yield over farmer’s practice. It was followed 
by 125 percent recommended dose of fertilizers and 
100 percent RDF along with bio-fertilizers with the 
yield enhancement of 18.67 and 13.40 percent, 
respectively (Table 2). Patel et al., 2010 found that 
integrated use of inorganic fertilizer, bio-fertilizer and 
organic manure enhanced the growth and seed yield 
of cluster bean. 

 
Integrated pest management  

The application of integrated pest 
management module provided 25.77 percent higher 
seed yield over farmer’s practice; however, organic 
module provided 12.51 percent yield enhancement 
(Table-3). Therefore, both IPM and organic modules 
are effective against pest and diseases of cluster bean 
but efficacy of IPM module is higher than the organic 
module. Hence, the application of IPM module may 
be popularized at farmer’s field for enhancing the 
production and productivity of cluster bean. 
Pachundkar et al., 2013 reported that cluster bean is 
regularly damaged by sucking pests like jassid, 
whitefly and thrips in Gujarat and evaluated various 
synthetic insecticides against these pests.  
 
      Performance under improved technology 
demonstrations 

The seed yield of cluster bean ranged 
between 2.75 q/ha to 26.83 q/ha with the average of 
11.01 q/ha. Large number of technology 
demonstrations organised at farmer’s fields in an 
adopted village created a big impact of technology 
among famers. Other farmers participated in field day 
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cum training programme were also quite convinced 
after perusal of crop performance under technology 
demonstrations at farmer’s fields. 
 

CONCLUSION 

Cluster bean varieties RGC-1033, RGM-
112, RGM-1003, RGM-1038, RGM-1055, HG-563, 
RGM-1017, RGM-1002, RGM-936 and RGM-1066 
appear suitable for cultivation in arid Rajasthan. Crop 

management practices including seed treatment with 
carbandazim 2 g/kg along with Azotobactor & PSB 
culture; fertilizer application of N 7.50 kg/ha and P 30 
kg/ha and foliar spray of 1% soluble NPK (19:19:19) 
at flowering stage; and foliar spray of plant protection 
chemicals azadirachtin 0.03% and trizophos 1.5 lit./ha 
at 30 and 45 days after sowing are appropriate for 
harnessing the higher seed yield. 
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ABSTRACT 

Taro also known as banda is an important tuber crop and is grown throughout tropical and 
subtropical regions of world. It is used as vegetable and is also consumed directly after boiling. The 
present study was conducted in the Department of Food Science and Technology N.D.U.A&T, 
Kumarganj.  Corms/cormels of six taro varieties [NDB-2, NDB-3, NDB-9, NDB-9, EC-20 and NDB-21] 
were converted into flour and analysed for some physico-chemical  properties. In general a wide 
variation was observed in the chemical compositions of the flour samples analysed. On a dry weight 
basis, crude protein ranges between 9.30-10.90%  , available carbohydrate 71.92-73.05%; crude fibre 
1.00-1.69%; ash 5.78-6.65% and crude fat 0.72-0.86%.Apart from this, variety NDB-2 recorded highest 
amount of total sugars(6.33%) .  The results also revealed that the corms of variety NDB-2 contained 
lowest level of oxalic acid and was found suitable for preparation of chips. 
 

Key words: Taro, flour, varieties, chemical composition. 
             

Taro  is a common name for the 
corms and tubers of several plants in 
the Araceae family. Of these, Colocasia esculenta is 
the most widely cultivated .Taro (Colocasia esculenta 
L. Schott) also known as banda is an important tuber 
crop and is grown throughout tropical and subtropical 
regions of the world. The corm of taro is relatively 
low in protein (1.5%) and fat (0.2%) and this is 
similar to many other tuber crops. It is a good source 
of starch (70-80 g/100 g dry taro), fiber (0.8%) and 
ash (1.2%) (Quach et al., 2000). Taro corm has 
reasonably high contents of potassium and 
magnesium, whose ranges are 2251-4143 and 118-
219 mg/100 g dry matter, respectively.  
Acridity of the corms and cormels, the high rate of 
post harvest losses and lack of proper scientific 
attention prompted a project aimed at developing taro 
flour that could be used for the processing purpose. 
The use of flour in food processing depends largely 
on its physico-chemicalproperties(Mcwatters,1983). 
Therefore , the present work is carried out to assess 
the physical and biochemical characteristics of  flour 
obtained from six varieties of taro corm and to select 
suitable variety  for making chips. 

MATERIALS AND METHODS 

  Taro samples and treatments-Six cultivars 
of taro corm were used for the experiments and 
procured from MES Vegetable Farm, NDUA& T, 
Kumarganj, Faizabad. Three corms after removing 
the cormels of each cultivar were peeled manually by 
a stainless steel knife and skin free corms were cut 
into thin slices. These pieces following shade drying 
were ground to fine powder by using a mixi grinder 
and the samples were packaged in polyethylene bags. 
The packaged product was stored at ambient 

conditions and the samples were subjected to 
chemical analysis within 15 days.  
Tuber colour and size- Five corms of each cultivars 
were taken randomly for assessing physical 
characters. Colour of corm was observed visually. 
Cormels (if present) were separated from main corm 
manually by employing a stainless steel knife and its 
weight was recorded. 
Corm weight, length and diameter- Five corms of 
each cultivar were weighed and their average weight 
was computed. Corm length and diameter was 
measured by an ordinary ruler and their average value 
was calculated. Specific gravity- Specific gravity was 
determined by the water displacement method.  
Peel and Flesh content- The content of peel was 
separated from flesh with the help of steel knife. The 
scrapped peel was weighed and its content was 
expressed in percentage on the basis of corm weight. 
The flesh content was expressed on the basis of corms 
weight.  
Proximate analysis- Moisture content of fresh corm 
was determined by the method of Ranganna (1986). 
Percent dry matter was calculated by subtracting the 
per cent moisture content from 100. Ash content was 
measured by the method of Rangana (1986). Crude 
fat, crude fibre and carbohydrate was estimated by the 
method as described by Raghuramula et al. (1983). 
Sugar were determined by titrating the samples 
against fehlings solution using phenolphthalein as 
indicator (Lane and Eynon, 1923). Starch content in 
corm flour was determined by acid hydrolysis method 
as described by Ranganna (1986). Oxalic acid content 
in dried corm powder was done by titration method as 
described by Krishna and Ranjhan (1980). Crude 
protein in corm flour was determined by method of 
Ranganna (1986). 
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Table 1A: Physical characters of taro corms and cormels of different varieties 
Variety Corm 

weight (g) 
Corm length 

(cm) 
Corm diameter 

(cm) 
Cormel No. 
(per corm) 

Cormel weight 
(g) 

Skin colour 

NDB-2 398.48 14.34 6.46 4.6 82.44 Brown 
NDB-3 391.48 16.22 6.32 0.0 0.0 Dark brown 
NDB-9 388.48 21.98 4.88 4.8 25.56 Light brown 
NDB-14 314.96 12.86 6.28 3.6 14.52 Brown 
EC-20 198.04 11.66 5.00 4.4 36.94 Light brown 
NDB-21 244.80 17.46 4.14 2.2 7.24 Brown 
CD at 0.1% level 160.80 4.26 1.09 3.18 62.88 - 

Table 1B: Physical characters of taro corms of different varieties 

Variety Specific gravity (g/cc) Peel (%) Flesh (%) 
NDB-2 1.4152 3.67 96.33 
NDB-3 1.0857 3.41 96.60 
NDB-9 1.3002 4.69 95.15 
NDB-14 1.9238 3.73 96.27 
EC-20 1.5487 5.21 94.79 
NDB-21 1.3784 6.16 93.84 
CD at 0.1% level 0.3844 1.87 2.03 

Table 2A: Moisture and dry mater contents in taro corms of different varieties 

Variety Moisture (%) Dry matter (%) 
NDB-2 79.83 20.1 
NDB-3 78.01 21.99 
NDB-9 77.41 22.59 
NDB-14 78.49 21.51 
EC-20 79.86 20.14 
NDB-21 78.79 21.21 
CD at 0.1% level NS* NS 

*NS stands for non significant 

Table 2B: Proximate composition of dried taro corm powder of different  varieties 
Variety Moisture Crude protein (%) 

(%N × 6.25) 
Crude fat 

(%) 
Ash (%) Crude fibre 

(%) 
Carbohydrates (%) 

NDB-2 8.15 10.90 0.81 6.00 1.26 72.88 
NDB-3 8.37 40.85 0.73 5.78 1.69 72.58 
NDB-9 9.20 9.30 0.72 6.23 1.50 73.05 
NDB-14 8.52 10.44 0.81 6.30 1.00 72.93 
EC-20 8.76 10.80 0.76 6.65 1.11 71.92 
NDB-21 8.46 10.78 0.86 6.37 1.10 72.44 
CD at 0.1% level NS* NS NS NS NS NS 

Table 2C: Sugar content in dried taro corm powder of different varieties 

Variety Reducing sugar (%) Non-reducing sugar (%) Total sugar (%) 
NDB-2 3.16 3.00 6.33 
NDB-3 3.07 2.9 6.22 
NDB-9 3.26 0.46 3.74 
NDB-14 2.91 0.79 3.74 
EC-20 3.73 1.29 4.73 
NDB-21 4.06 0.36 4.44 
CD at 0.1% level 1.14 1.61 1.16 

Table 2D:Starch and oxalic acid contents in dried taro corm powder of different varieties 

Variety Sugar (%) Oxalic acid (%) 
NDB-2 67.78 0.06 
NDB-3 67.58 0.17 
NDB-9 70.55 0.20 
NDB-14 70.43 0.17 
EC-20 68.52 0.23 
NDB-21 69.19 0.11 
CD at 0.1% level NS* 0.09 
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RESULTS AND DISCUSSION 

Physical characteristics-Taro size, flesh content 
and specific gravity. 
 The physical characters of taro corms and 
cormels of different varieties are presented in (Table 
1A) and (Table 1B). Corm weight, corm length 
diameter, cormel number and cormel weight were 
ranged from 198.04-398.48g, 11.66-21.98 cm, 4.14-
6.46 cm, 0.0-4.8 per corm and 0.0-82.44g. The variety 
NDB-2 recorded maximum corm weight (398.48g) 
corm diameter (6.46cm) and cormel weight (82.44g) 
while corms of EC-20 were found to possess 
minimum corm weight (198.04g) and corm length 
(11.66).  NDB-21 recorded minimum corm diameter 
(4.14cm), cormel number (2.2 per corm) and cormel 
weight (7.24g). Corm length (21.98 cm) and cormel 
number (4.8 per corm) was maximum with NDB-9. 
Similarly, Medhi and Parasarathy (1999) observed 
wide variations in corm length and corm diameter 
with 19 varieties of taro corms considerably. Large 
variations in corm height and cormel number were 
also found by Nair and Pillai (1999). 
 The flesh and peel content of taro corms of 
six varieties studies in present investigation varied 
from 93.84-96.60 and 3.41-6.16 per cent, respectively 
whereas variations in specific gravity of corms were 
ranged from 1.0857-1.9238 g/cc. The highest flesh 
content (96.60%), and minimum peel content (3.41%) 
and specific gravity (1.0857g/cc) were recorded with 
corms of NDB-3 (Table 1B). Flesh content of corm of 
variety NDB-2 and NDB-14 occupied the second and 
third position , respectively. Minimum flesh content 
(93.84%) and maximum peel content (6.16 %) were 
observed with corms of variety NDB-21. 
 Maximum specific gravity (1.9238g/cc) was 
exhibited by the corms of variety NDB-14. Prajapati 
(2001), however, observed smaller variation of 0.800-
0.901g/cc in the specific gravity of Banda. The 
differences in physical characters of taro corm and 
cormel may probably be due to differences in the 
varieties. Statistically there were significant 
differences in the physical characters of taro corm and 
cormel. However, no informations is available in the 
literature pertaining to content of flesh and peel, and 
skin and colour of two corms.  
Chemical characteristics- 
 Proximate composition. 
 Data on moisture and dry matter contents in 
taro corms of different varieties are given in Table 
2A. 
 Variation in the moisture and dry matter 
content were ranged from 77.41-79.86 and 20.14-
22.59 per cent, respectively and were statistically 
non-significant. Seralathan and Thirumaran (1999) 
reported 70.3 per cent moisture in colocasia tubers. 
Wills et al. (1983) however, noticed wide variations 
(55.8-74.4g/100g flesh) in moisture content of 22 
cultivars of taro grown in Papua New Guinea 
highlands. Similarly, Prajapati (2001) and Joseph et 

al.(1999) observed slight higher dry matter content in 
Banda and colocasia tubers, whereas Asghar and 
Cable (1984) reported wide variations in dry matter 
content (20-48 per cent) of two corms.  
 Proximate composition of dried taro corms 
powder of different varieties is presented in Table 2B. 
In the present findings slight variations in the contents 
of moisture (8.15-9.20%), crude protein (9.30-
10.90%), crude fat (0.76-0.86%) ash (5.78-6.65%), 
crude fibre (1.00-1.69%) and carbohydrates(71.92-
73.05) were found statistically in significant. 
However, contents of crude fibre and carbohydrates 
in corms when expressed on the basis of fresh weight 
were observed to differ significantly.   
Reducing, non-reducing and total sugars 
 The respective data on reducing, non-
reducing and total sugars content of taro corm flours 
of different varieties ware given in Table 2C. There 
were significant variations in the sugar content of 
dried corm powder. 
 NDB-2 recorded highest content of total 
sugars (6.33%) and non-reducing sugars (3.00%) 
while content of reducing sugars (4.06%) was 
maximum with NDB-21. Minimum content of total 
sugars (3.74%), non-reducing sugars (0.36%) and 
reducing sugars (2.91%) were recorded with varieties 
NDB-9 and NDB-14, NDB-21 and NDB-14, 
respectively. The varieties also differed significantly 
when expressed on fresh weight basis. Tamate and 
Bradbury (1985) and Ghosh and Hasan (1992) also 
obtained wide variations in the sugar content of taro 
corms on fresh and dry basis, respectively.   
Crude protein: 
 Crude protein on fresh weight basis varied 
2.31-2.60 per cent in present investigation. Seralathan 
and Thirumaran (1999) found that colocasia corm 
contained 3.2 per cent protein. However, Wills et al. 
(1983) observed wide variation (0.5-2.1g/100g) of 
flesh in protein content of 36 samples of taro corms.  
Starch and oxalic acid contents 
 Data on starch and oxalic acid contents of 
dried corm powder of different varieties are presented 
in Table 2D. 
 Minimum oxalic acid content (0.06%) was 
found in NDB-2 and it was followed by variety NDB-
21 that contained 0.11 per cent oxalic acid while 
maximum content (0.23 %) was registered by EC-20. 
There were significant variation among the oxalic 
content of flours.  
 Slight variations (67.58-70.55%) in the 
starch content of corm flours were found 
insignificant. Similar findings were also observed 
earlier pertaining to starch content of taro flour on dry 
weight basis (Chian-Chuang et al., 1996). However 
on fresh weight basis higher values of starch content 
in taro corms are reported by earlier workers 
(Hakama et al., 1979; Wills et al., 1983; Prajapati, 
2001; Seralathan and Thirumaran, 1999). 
 The differences in the chemical 
characteristics of taro corms of different cultivars in 
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present study and with those of earlier findings might 
be due to differences in maturity and method of 
expression (wet or dry basis) variety, agro-climatic 
conditions, locality, and stage  of maturity [Taro corm 
is very poor source of fat. The present work also 
confirms the observations of earlier workers (Godoy 
et al., 1992; Tagodoe and Wai-kit, 1994); Habashy 
and Radwan, 1997; Seralathan and Thirumaran, 1999. 
In contrast to present findings pertaining to crude 
fibre content. Wills et al. (1983), however reported 
wide variations (1.4-5.4g/100g flesh)] after crude 
protein. 

Taro corms are rich in starch and mineral 
contents and larger part of corms in edible. However 
acridity is the major factor governing the edibility of 

taro corms. Joseph et al. (1999) reported that acrid 
free taro has not so for obtained from the natural 
population. It is also suggested that  the acridity of 
taro is not caused solely by calcium oxalate crystal 
but us also associated with a boiling water and 
ethanol labile factors (Moy et al., 1979). 

CONCLUSION 

 The findings  of present study reveals that 
NDB-2 variety of taro contained lowest content of 
oxalic acid either on fresh or dry basis, besides having 
highest corm weight and diameter. Therefore,   NDB-
2 variety may be utilized to have best potentiality for 
processing purpose.  
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ABSTRACT 

A field experiment was carried out during the rainy (kharif) season of 2009-10 at 
Rajendranagar, Hyderabad, India to find out effect row ratio (1:1 and 1:2) and zinc levels on yield, 
nutrients uptake and soil fertility status of maize - soybean intercropping systems under rainfed 
condition. The results revealed that grain and stover yield of maize and soybeans were less in 
intercropping systems compared to sole cropping. Intercropping of 1:1 and 1:2 ratio declined the seed 
yield by 14.75 and 11 per cent in maize and 52.19 and 38.34 per cent in soybean as compared to sole 
crop. However, the total productivity of systems in terms of maize grain equivalent and LER (6182 kg 
ha-1 and 1.47) was found to be higher with maize + soybean 1:2 ratio. Irrespective of the cropping 
system, application of 50 kg ZnSO4 ha-1 recorded significantly higher grain yield of maize (5301 kg ha-

1), soybean (936 kg ha-1), maize equivalent yield (6850 kg ha-1). Nutrient uptake of N, P2O5 and K2O by 
both the crops was significantly higher in sole crop, compared to intercropped treatment. Whereas, zinc 
treatments did not show any significant variation in uptake of N, P2O5 and K2O by maize and soybean 
crop. The balance nutrient status of P2O5 and K2O in soil after crop harvest has shown decreasing 
trend in all cropping systems and zinc levels. However, increasing trend was found in zinc status. 
Similarly, ‘N’ enrichment was noticed in intercropping systems only and decreasing in sole cropping.  

Key words: Row ratio, Zinc, Maize, Soybean Yield and Nutrient uptake. 

Maize, a widely spaced crop, provides ample 
opportunities for rising short duration varieties of 
soybean and resource-utilisation efficiency can be 
greatly enhanced. The benefit of intercropping system 
depends on suitable row arrangement with population 
adjustment for better utilization of growth resources 
like space, water, nutrient etc. In view of such 
situation, there is an ample scope to utilize the vacant 
wider inter-row space of maize during the initial slow 
growth period of the crop by introducing some 
compatible crop to get more productivity as well as 
net return from a unit of land (Beets, 1977).Maize 
crop is an exhaustive crop which requires high 
amount of macronutrients like NPK and 
micronutrients like zinc. Similarly, soybean has also 
shown response to zinc application (Nilam Kanase et 
al., 2008). In maize, zinc acts as a catalyst and 
stimulant in most of the physiological and metabolic 
processes and it plays a vital role in synthesis of 
protein and IAA (Indole Acetic Acid), chlorophyll 
formation and carbohydrate metabolism and act as a 
metal activator of enzyme, resulting in increased 
growth and development of plants which ultimately 
gave higher grain yield (Patel et al., 2008). In 
soybean, zinc has special role to play for activation of 
enzyme in biosynthesis of oil and also synthesis of 
Indole acetic acid, an important growth hormone in 
plant (Wasmathkar et al., 2002). Hence the present 
investigation was planned to study the influence of 
row ratio and zinc levels on yield, nutrient uptake and 

soil fertility status of maize –soybean intercropping 
systems under rainfed conditions. 

MATERIALS AND METHODS 

An investigation was carried out during the 
rainy (kharif) season of 2009-10 at Students’ farm, 
ANGRAU, Rajendranagar Hyderabad. The soil was 
sandy clay loam type, low in organic carbon (0.43 %) 
and nitrogen (194 kg N ha-1), medium in phosphorous 
(31.2 kg P ha-1), high in potassium (199 kg K ha-1) 
and low in zinc (0.5 ppm ha-1). There were 16 
treatment combinations compromising 4 cropping 
systems, viz., sole maize (C1), sole soybean (C2), 
maize + soybean 1:1 (C3) and 1:2 ratio (C4) and 4 zinc 
levels, 0, 25, 50 and 75 kg ZnSO4 ha-1. Sixteen 
treatments were laid out in randomized block design 
(factorial) with three replications. The additive rows 
of maize and soybean were adjusted according to row 
ratio of treatments. The fertilizer dose of maize was 
180:60:40 and soybean was 30:60:40 NPK kg ha-1. 
‘Decalb Super 900’ (Cargil) maize, JS 335 soybean 
were sown on 14 August-09, respectively. In sole 
crop, Maize was sown at a spacing of 60 cm between 
rows and soybean at 30 cm distance. In 1:1 
intercropping system, each row of soybean was 
planted between two rows of maize, however, in 1:2 
ratio, 2 rows of soybean were planted between 2 rows 
of maize with row spacing of maize at 90 cm and 
plant-to-plant spacing at 17.5 cm. The nitrogen (N), 
phosphorus (P) and potassium (K) contents thus 
obtained were expressed in percentage was computed 
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from its uptake and dry matter production (kg ha-

1).Soil samples were drawn from 0-15 cm depth 
before and after harvest in each treatmental plots, 
representative soil samples were collected and 
analysed for available nitrogen (alkaline 

permanganate method, Subbaiah and Asija, 1956), 
available phosphorous (Olsens Method, Olsens et al., 
1954), available potassium (N N NH4, OAC, Jackson, 
1973) and zinc ( Atomic absorption 
Spectrophotometer, Lindsay and Norvell, 1978).  

 
TABLE 1: Grain and stover yield of maize and soybean influenced by cropping systems and zinc levels. 

Treatments 
Maize (kg ha-1) Soybean (kg ha-1) Maize equivalent 

yield (kg ha-1) LER 
Grain yield Stover yield Seed yield Haulm yield 

Cropping Systems 
Sole Maize 5484 9623 - - 5484 1.0 
Sole Soybean - - 1278 2175 2115 1.0 
Maize + Soybean (1:1) 4675 8621 611 1071 5687 1.31 
Maize + Soybean (1:2) 4877 9046 788 1368 6182 1.47 
S.Em ± 115.1 156 19.35 32.24 119.7 0.04 
C.D (P=0.05) 337.7 457 56.76 94.60 345.8 0.14 
Zinc  levels 
0 kg ZnSO4 ha-1 4338 7847 795 1362 5654 1.39 
25 kg ZnSO4 ha-1 4868 8988 869 1518 6306 1.40 
50 kg ZnSO4 ha-1 5301 9635 936 1630 6850 1.41 
75 kg ZnSO4 ha-1 5543 9915 973 1646 7153 1.40 
S.Em ± 132.9 178 22.34 37.23 135.0 0.06 
C.D (P=0.05) 389.9 524 65.00 109.20 381.2 N.S 
Interaction (C X Zn) N.S N.S N.S N.S N.S N.S 

 
TABLE 2: N, P2O5, K2O (KG HA-1) AND ZN (PPM) uptake in sole crop and intercrop as influenced by 
cropping systems and zinc levels. 

Treatments Nitrogen uptake (kg 
ha-1) 

Phosphorous uptake 
(kg ha-1) 

Potassium uptake (kg 
ha-1) 

Zinc uptake  
(kg ha-1) 

Cropping systems Sole crop Intercrop Sole crop Intercrop Sole crop Intercrop Sole crop Intercrop 
Sole Maize 114.1 - 75.1 - 95.9 - 67.0 - 

Sole Soybean  
 71.5 - 43.2 - 36.9 - 47.5 

Maize + Soybean (1:1) 94.1 57.7 62.2 27.5 84.4 27.0 52.1 31.5 

Maize + Soybean (1:2) 85.5 65.1 53.4 34.0 79.7 30.6 32.6 35.2 

S.Em ± 2.53 0.67 0.7 0.7 0.7 0.75 1.7 1.32 

C.D (P=0.05) 6.5 1.97 1.86 1.8 1.9 1.99 4.9 3.8 
Zinc  levels 
0 kg ZnSO4 ha-1 96.2 62.1 61.5 33.0 85.5 30.4 37.3 21.6 

25 kg ZnSO4 ha-1 97.7 63.5 63.3 34.7 86.6 31.0 48.0 37.4 

50 kg ZnSO4 ha-1 98.2 64.0 64.4 36.1 87.8 32.5 56.0 45.6 

75 kg ZnSO4 ha-1 99.5 65.0 65.3 36.8 86.9 33.4 61.1 49.0 

S.Em ± 2.5 0.75 0.7 0.70 0.7 0.78 1.9 1.52 

C.D (P=0.05) N.S N.S N.S N.S N.S N.S 5.7 4.47 
Interaction     (C X Zn) N.S N.S N.S N.S N.S N.S N.S N.S 

 
Table 3: Balance nutrient status in the soil as influenced by cropping systems and zinc levels 

Treatments N (kg ha-1) P2O5  (kg ha-1) K2O (kg ha-1) Zn (ppm) 

Initial Final Balance Initial Final Balance Initial Final Balance Initial Final Balance
Cropping Systems 

Sole Maize 194 176 - 18 31.20 21.91 - 9.3 199 126.08 - 72.9 0.50 1.42 + 0.92 

Sole Soybean 194 209 +15 31.20 25.33 - 5.8 199 126.16 - 72.8 0.50 1.57 + 1.07 
Maize + Soybean (1:1) 194 196 + 2 31.20 26.41 - 4.8 199 124.41 - 74.5 0.50 1.27 + 0.77 
Maize + Soybean (1:2) 194 200 + 6 31.20 24.66 - 6.5 199 122.66 - 76.4 0.50 1.20 + 0.70 
Zinc  levels 
0 kg ZnSO4 ha-1 194 194 0 31.20 25.08 - 6.1 199 124.66 - 74.3 0.50 0.35 -  0.15 
25 kg ZnSO4 ha-1 194 195 + 1 31.20 25.50 - 5.7 199 126.00 - 73.0 0.50 0.81 + 0.31 
50 kg ZnSO4 ha-1 194 195 + 1 31.20 23.91 - 7.3 199 126.66 - 72.3 0.50 1.71 + 1.21 
75 kg ZnSO4 ha-1 194 198 + 4 31.20 23.83 -7.3 199 125.75 - 73.2 0.50 2.60 + 2.10 
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RESULTS AND DISCUSSION 

Maize grain and stover yield: 
           Higher grain and stover yield of maize was 
recorded in sole crop of maize (5484 kg ha-1 and 9623 
kg ha-1), followed by maize + soybean 1:2 (4877 kg  
ha-1 and 9046 kg ha-1) and 1:1 ratio (4675 kg ha-1 and 
8621 kg ha-1), respectively (Table 1). The reduction in 
grain yield of maize in 1:1 and 1:2 ratios was 14.75 
and 11.0 per cent and in stover yield 11.6 and 6.3 per 
cent as compared to sole crop of maize. The reduction 
due to decrease in yield attributing characters of 
maize was because of competition by intercropped 
soybean for resources. These results are in accordance 
with the finding of Parvender Sheoran et al. (2009). 
Zinc sulphate @ 50 kg ha-1 resulted in considerable 
increase in grain yield of maize by 22.2 % and 8.9 % 
over 0 and 25 kg ZnSO4 ha-1, respectively (Table 1). 
The increased grain yield due to overall improvement 
of growth parameters as well as yield attributes due to 
the efficient translocation of photosynthates to the 
developing seeds and also a good response of zinc on 
zinc deficient soil (Lingle and Holberg, 1957). 
Soybean seed and haulm yield: 

Seed and haulm yield of soybean was found 
significantly higher with sole soybean (1278 kg ha-1, 
2175 kg ha-1), compared to 1:1 ratio (611 kg ha-1, 
1071 kg ha-1) and 1:2 ratio (788 kg    ha-1, 1368 kg ha-

1) intercropping systems (Table 1). The magnitude of 
decrease in seed yield of soybean in 1:1 and 1:2 was 
52.19 % and 38.34 %, compared to sole crop. 
Reduction in seed and haulm yield of soybean in 
intercropping systems due to less plant population of 
soybean, more intra and inter plant competition, more 
shading effect of maize on soybean.  These results are 
in conformity with the findings of Dutta and 
Bandopadhay (2006). As regard to zinc doses, 50 kg 
ZnSO4 ha-1 showing more seed and stover yield of 
soybean as compared to 0 and 25 kg ZnSO4 ha-1 

(Table 1). This is because of enhancement of 
enzymatic activity of soybean by zinc application 
which in turn might have stimulated the translocation 
of assimilates efficiently toward sink that resulted into 
increase in yield (Nilam Kanse et al., 2008). 
LER and Maize equivalent yield  

The intercropping treatment of maize + 
soybean at 1:2 ratio recorded significantly higher 
LER and maize grain equivalent yield values over 
other cropping systems (Table 1). The increase in 
maize equivalent yield and LER in intercropping 
systems of 1:1 and 1:2 were 3.7 %, 31 % and 12.72 
%, 47 %, compared to sole cropping. This was due to 
the better utilization of land and natural resources in 
intercropping with additional advantage of soybean 
and highest market price of soybean, compared to 
sole cropping of maize and soybean (Meena et al., 
2006). In respect of zinc levels, there was no 
significant effect of zinc on LER. However, a 

significant response was noticed in respect of maize 
grain equivalent yield upto 50 kg ZnSO4 ha-1 which 
was at par with 75 kg ZnSO4 ha-1. Application of 50 
kg ZnSO4 ha-1 resulted in increased maize grain 
equivalent yield to an extent of 21.15 % and 8.6 % 
over 0 and 25 kg ZnSO4 ha-1, respectively. 
Nutrients uptake: 

Total nutrients uptake of maize was 
significantly higher in sole crop of maize and soybean 
compared to intercropping systems. The increase in 
nutrient uptake in sole maize was due to lower plant 
population in unit area and lesser competition for 
nutrients (Table: 2).This result is in tune with the 
results by Meena et al., (2006). Likewise in soybean, 
sole soybean recorded significantly higher N, P2O5, 
K2O and Zn uptake than intercrop soybean. Whereas, 
zinc treatments did not show any significant variation 
in uptake of N, P2O5 and K2O by maize and soybean 
crop. Application of zinc sulphate from 0 to 75 kg ha-

1 significantly increased the zinc uptake by both 
maize and soybean crop. More zinc uptake was 
noticed up to 50 kg ZnSO4 ha-1 application in maize 
as well as soybean crop, although there was an 
increase in zinc uptake due to 75 kg ha-1 but it 
remained at par with 50 kg ha-1. The per cent increase 
of zinc uptake due to 50 kg ZnSO4 ha-1 was to the 
tune 50.1 and 16.6 per cent in maize and 111.1 and 
73.3 per cent in soybean over 0 and 25 kg ZnSO4 ha-1, 
respectively. The zinc uptake was increased due to 
increasing levels of zinc sulphate (Nilam Kanse et al., 
2008).   
Nutrient status of soil after crop harvest: 
                Maize is a heavy feeder which removes 
more of the soil N, rendering the soil exhausted of its 
nitrogen content. Association of soybean with maize 
caused a significant improvement in N status of soil, 
compared to sole crop (Table: 3). Better growth of 
soybean resulted in higher residual N content of soil. 
Several workers observed that good growth of legume 
crop helps in nodulation and ultimately enrich the 
nitrogen content in soil (Das and Mathur, 1980). 
However, P2O5 and K2O were very actively utilized 
not only by sole crop, but also by different 
intercropping systems, thereby reducing the content 
of these nutrients in soil (Sharma and Choubey, 
1991). Apart from N, P2O5 and K2O in soil, Zn 
content of soil was found significantly higher in sole 
planting of maize as well as soybean than maize + 
soybean intercropping systems. Intercropping reduces 
the zinc status in soil because of more utilization by 
both the crops. Whereas, zinc levels did not show any 
effect on N, P2O5 and K2O status of soil, however, its 
significant effects were observed only on zinc content 
in soil. The increasing dose of zinc sulphate 
application increased the zinc content of soil but 
significant response was up to 50 kg ha-1.  
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ABSTRACT 

Six different varieties of African marigold (Tagetes erecta) viz. Local Selection, Pusa Basanti 
Gainda, Pusa Narangi Gainda, African Tall Orange, Sunset Giant and Inca Hybrid were grown in 
artificially prepared saline soils having 2, 4, 6 and 8 dSm-1 EC levels apart from control (0.98), to 
evaluate the response of salinity on nutrient content in leaves and result thus obtained was expressed 
in % dry weight basis. The experiment was laid out in Factorial CRD design with a total of thirty 
treatments and three replications for the two consecutive years i.e. 2009-10 and 2010-11. It was found 
that nutrients like nitrogen, phosphorus and potassium showed a gradual decrease with enhanced 
salinity level. The decrease was more pronounced at 6 and 8 dSm-1 level while calcium and 
magnesium showed increase till 2dSm-1 and further gradual decrease was also observed in this case 
also. Only sodium was found to increase with enhanced levels of salinity. 

Key words: Leaf nutrient status, marigold and soil salinity. 
 

Marigold (Tagetes spp.) is one of the most 
commercially exploited flowers belonging to family 
Compositae (Asteraceae). It is native of central and 
south America specially Mexico and is a genus of 33 
species of annuals and perennial herbaceous plants. 
Important one being T. erecta L. (African marigold), 
T. patula L. (French marigold). Marigold is one of the 
most widely grown flower crop which is used in vast 
quantities for making garlands and decoration for 
wedding, festivals and religious events. Apart from 
decoration, its petals are used for extraction of 
xanthophylls for making edible colour and poultry 
feed. It acts as a trap crop to control fruit borer in 
tomato and suppresses nematode population. 

         In landscape it can be planted in herbaceous 
border, window boxes, rockery, hanging pots, as edge 
plant, for providing mass effect or to provide colour 
and fill the space in newly planted shrubberies. 

Now-a-days due to paucity of cultivable 
land, urbanization, industrialization and development 
of residential areas are coming up in wastelands. For 
landscaping of such areas with this most liked and 
common flower of marigold it is essential to find out 
its tolerance limit. Tolerance and performance of 
plants under adverse condition largely depends on the 
nutrient content in it. The present study was thus, 
designed to study the status of different nutrients 
under normal and saline soil conditions to further 
study their effect on growth and performance of 
marigold. 

MATERIAL AND METHOD 

The experiment was conducted on the main 
experimental station of Department of Horticulture, 
Narendra Deva University of Agriculture and 

Technology, Kumarganj, Faizabad during the year 
2009-10 and 2010-11. The soil used as control was 
sandy loam soil having pH 7.9, EC 0.99 dSm-1, CEC 
12.1, exchangeable sodium (me/100g) 1.2 and ESP 
9.99. Soils of different salinity levels were prepared 
by applying differential amounts of sodium chloride, 
sodium sulphate, calcium chloride and magnesium 
chloride in air dried field soil. Transplanting of 
twenty one days old seedling of each variety African 
marigold in plastic pots of 12 inch diameter was done 
during the last week of October in 2009 as well as 
2010 was done for two years separately. 

CRD factorial design with replication was used 
for experiment. Equal amount of water was applied to 
each pot using watering cane as and when needed. A 
basal dose of Diammonium phosphate and Muriate of 
potash was added @ 10 gm /plant in each pot and 
mixed thoroughly. Pinching and staking of each plant 
was done 30 days after transplanting. Uniformity in 
other cultural practices like weeding, hoeing etc was 
maintained throughout the experiment. 
Nutrient Status in leaves was determined in lab 
using following procedure: 

Leaf samples were taken towards the end of 
experiment. Mature leaves were randomly taken from 
mid portion of plants. The leaves were oven dried at 
600C to a constant weight for 48 hours. Dried sample 
were finely ground and preserved in small polythene 
bags for the analysis of various chemical constituents. 

Except for chloride, the digestion procedure was 
done with HNO3 and HClO4 for elements viz., 
phosphorus, sodium, potassium, calcium, magnesium.  

 
1. Nitrogen:  

Nitrogen was determined by digesting oven dried 
and grinded plant sample  
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in Micro-kjeldahl flask as described by Peach and 
Tracy (1956) and expressed as percentage dry weight 
basis. 
 
     2. Phosphorus: 

Phosphorus content in leaves was determined by 
wet method developing     Vandomolybdo yellow 
colour as described by Richards(1954). The colour 
intensity     was measured by Spectronic 20 at 470 
nm. 

 

   3.   Potassium and sodium: 
Potassium and sodium content in the leaves 

determined by digestion method  as described by 

Richards (1954) with the help of Systronic flame 
photometer. 
  4. Calcium and magnesium: 

The calcium and magnesium were estimated by 
titration with versenate solution as described by 
Chang and Bray (1951). 
  After complete analysis of all the above 
nutrients the result was expressed in per cent dry 
weight basis of leaves and was statistically analyzed 
using method of analysis of variance (ANOVA) as 
outlined by Panse and Sukhatme (1967). Mean 
values of different characters have been presented in 
tabular form. 

 
Table1. Effect of salinity on nitrogen content in leaves (% dry weight basis) of different varieties of marigold.  

VARIETIES 
Table 1 

SALINITY LEVELS 
Control 2dSm-1 4dSm-1 6dSm-1 8dSm-1 Mean 

2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 
Local 
Selection 3.88 3.98 3.77 3.71 3.30 3.27 2.31 2.32 2.10 2.12 3.32 3.32 

Pusa Basanti 
Gainda 3.86 3.84 3.57 3.54 3.18 3.15 2.10 2.04 0.0 0.0 3.18 3.14 

Pusa Narangi 
Gainda 4.05 4.04 3.88 3.85 3.47 3.44 2.52 2.49 0.0 0.0 3.48 3.45 

African Tall 
Orange 3.82 3.87 3.63 3.60 3.25 3.24 2.27 2.21 0.0 0.0 3.24 3.23 

Sunset Giant 3.84 3.82 3.45 3.42 3.05 3.02 2.00 1.95 0.0 0.0 3.08 3.05 
Inca-Hybrid 3.97 4.01 3.82 3.79 3.36 3.33 2.41 2.43 2.23 2.31 3.39 3.39 
Mean 3.90 3.92 3.69 3.65 3.27 3.24 2.27 2.24 * * 3.28 3.26 

(2009-10) 
CD(V)=0.042 
CD(S)=0.034 

CD(VxT)=0.084 

SEm(V)=0.015 
SEm(S)=0.012 

SEm(VxT)=0.029 
(2010-11) 

CD(V)=0.038 
CD(S)=0.031 

CD(VxT)=0.075 

SEm(V)=0.013 
SEm(S)=0.010 

SEm(VxT)=0.026 
* varieties not survived at 8dSm-1, hence not included in analysis 

Table 2. Effect of salinity on potassium content in leaves (% dry weight basis) of different of marigold.  
VARIETIES 

table 2 
SALINITY LEVELS 

Control 2dSm-1 4dSm-1 6dSm-1 8dSm-1 Mean 
2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 

Local 
Selection 

3.24 3.22 2.91 2.88 2.49 2.45 2.17 2.14 2.09 2.02 2.70 2.67 

Pusa Basanti 
Gainda 

3.20 3.17 2.79 2.77 2.36 2.33 2.06 2.03 0.0 0.0 2.60 2.57 

Pusa Narangi 
Gainda 

3.30 3.26 3.05 3.03 2.61 2.58 2.34 2.33 0.0 0.0 2.82 2.80 

African Tall 
Orange 

3.23 3.18 2.86 2.83 2.42 2.40 2.14 2.10 0.0 0.0 2.66 2.63 

Sunset Giant 3.15 3.15 2.72 2.69 2.28 2.22 2.01 1.97 0.0 0.0 2.54 2.51 
Inca-Hybrid 3.27 3.23 2.97 2.93 2.55 2.51 2.28 2.24 2.13 2.11 2.77 2.73 
Mean 3.23 3.20 2.89 2.85 2.45 2.41 2.16 2.14 * * 2.68 2.65 
(2009-10) CD(V)=0.034 

CD(S)=0.028 
CD(VxT)=0.068 

SEm(V)=0.012 
SEm(S)=0.010 
SEm(VxT)=0.024 

(2010-11) CD(V)=0.038 
CD(S)=0.031 
CD(VxT)=0.077 

SEm(V)=0.013 
SEm(S)=0.011 
SEm(VxT)=0.027 

* Varieties not survived at 8dSm-1, hence not included in analysis 
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Table 3. Effect of salinity on phosphorus content in leaves (% dry weight basis) of different varieties of marigold  

VARIETIES 
Table 3 

SALINITY LEVELS 
Control 2dSm-1 4dSm-1 6dSm-1 8dSm-1 Mean 

2009-
10 

2010-
11 

2009-
10 

2010-11 2009-
10 

2010-11 2009-
10 

2010-11 2009-10 2010-11 2009-10 2010-
11 

Local 
Selection 

0.61 0.69 0.50 0.58 0.43 0.51 0.34 0.43 0.28 0.30 0.47 0.55 

Pusa 
Basanti 
Gainda 

0.55 0.62 0.39 0.46 0.33 0.41 0.28 0.35 0.0 0.0 0.39 0.46 

Pusa 
Narangi 
Gainda 

0.66 0.75 0.61 0.68 0.53 0.63 0.41 0.50 0.0 0.0 0.55 0.64 

African Tall 
Orange 

0.59 0.65 0.44 0.50 0.37 0.46 0.31 0.39 0.0 0.0 0.42 0.50 

Sunset 
Giant 

0.52 0.60 0.34 0.40 0.25 0.35 0.19 0.28 0.0 0.0 0.32 0.41 

Inca-Hybrid 0.64 0.72 0.56 0.63 0.48 0.59 0.38 0.48 0.29 0.31 0.51 0.61 
Mean 0.60 0.67 0.47 0.54 0.39 0.49 0.32 0.41 * * 0.44 0.53 

(2009-10) 
CD(V)=0.056 
CD(S)=0.046 
CD(VxT)=ns 

SEm(V)=0.020 
SEm(S)=0.016 

SEm(VxT)=0.039 
(2010-11) 

CD(V)=0.028 
CD(S)=0.023 

CD(VxT)=0.046 

SEm(V)=0.010 
SEm(S)=0.008 

SEm(VxT)=0.020 
*varieties not survived at 8dSm-1, hence not included in analysis 

Table 4. Effect of salinity on magnesium content in leaves (% dry weight basis) of different varieties of marigold.  

VARIETIES 
Table 4 

SALINITY LEVELS 
Control 2dSm-1 4dSm-1 6dSm-1 8dSm-1 Mean 

2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 
Local 
selection 0.63 0.73 0.70 0.80 0.51 0.60 0.34 0.43 0.20 0.22 0.55 0.64 

Pusa 
Basanti 
Gainda 

0.58 0.67 0.68 0.76 0.44 0.54 0.28 0.38 0.0 0.0 0.50 0.59 

Pusa 
Narangi 
Gainda 

0.66 0.76 0.73 0.82 0.54 0.63 0.38 0.47 0.0 0.0 0.58 0.67 

African Tall 
Orange 0.61 0.71 0.69 0.78 0.48 0.57 0.31 0.40 0.0 0.0 0.52 0.61 

Sunset 
Giant 0.55 0.64 0.66 0.74 0.40 0.50 0.25 0.35 0.0 0.0 0.47 0.56 

Inca-Hybrid 0.69 0.79 0.75 0.84 0.58 0.68 0.43 0.52 0.23 0.31 0.61 0.71 
Mean 0.62 0.71 0.70 0.79 0.49 0.58 0.33 0.43 * * 0.54 0.63 
(2009-10) CD(V)=0.061 

CD(S)=0.050 
CD(VxT)=ns 

SEm(V)=0.021 
SEm(S)=0.018 
SEm(VxT)=0.043 

(2010-11) CD(V)=0.034 
CD(S)=0.028 
CD(VxT)=ns 

SEm(V)=0.012 
SEm(S)=0.010 
SEm(VxT)=0.024 

* varieties not survived at 8dSm-1, hence not included in analysis 
 
Table 5. Effect of salinity on calcium content in leaves (% dry weight basis) of different varieties of marigold  

VARIETIES 
Table 5 

SALINITY LEVELS 
Control 2dSm-1 4dSm-1 6dSm-1 8dSm-1 Mean 

2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 
Local 
Selection 2.36 2.81 2.75 2.88 2.16 2.24 1.70 1.78 1.54 1.52 2.24 2.43 

Pusa 
Basanti 
Gainda 

2.29 2.35 2.68 2.83 1.96 2.04 1.42 1.50 0.0 0.0 2.09 2.18 

Pusa 
Narangi 
Gainda 

2.48 2.69 2.81 2.94 2.42 2.50 1.89 1.97 0.0 0.0 2.40 2.52 

African Tall 
Orange 2.31 2.39 2.71 2.86 2.06 2.14 1.58 1.66 0.0 0.0 2.16 2.26 

Sunset 
Giant 2.16 2.23 2.85 2.8 1.81 1.92 1.14 1.22 0.0 0.0 1.94 2.04 

Inca-Hybrid 2.41 2.55 2.78 2.9 2.25 2.32 1.86 1.94 1.74 1.78 2.32 2.43 
Mean 2.33 2.50 2.73 2.87 2.11 2.19 1.59 1.67 * * 2.19 2.31 
(2009-10) CD(V)=0.044 

CD(S)=0.036 
CD(VxT)=0.088 

SEm(V)=0.016 
SEm(S)=0.013 
SEm(VxT)=0.031 

(2010-
11) 

CD(V)=0.11 
CD(S)=0.09 
CD(VxT)=0.22 

SEm(V)=0.038 
SEm(S)=0.031 
SEm(VxT)=0.077 

* varieties not survived at 8dSm-1, hence not included in analysis 
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Table 6. Effect of salinity on sodium content in leaves (% dry weight basis) of different varieties of  marigold. 

VARIETIES 
Table 6 

SALINITY LEVELS 
Control 2dSm-1 4dSm-1 6dSm-1 8dSm-1 Mean 

2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 
Local Selection 0.83 0.79 0.89 0.85 0.95 0.91 1.16 1.12 1.27 1.26 0.96 0.92 
Pusa Basanti 
Gainda 

0.89 0.84 0.96 0.92 1.01 0.97 1.26 1.22 0.0 0.0 1.03 0.99 

Pusa Narangi 
Gainda 

0.78 0.74 0.79 0.75 0.85 0.81 1.02 0.98 0.0 0.0 0.86 0.82 

African Tall 
Orange 

0.86 0.82 0.91 0.87 0.98 0.94 1.20 1.16 0.0 0.0 0.99 0.95 

Sunset Giant 0.88 0.86 0.97 0.95 1.06 1.02 1.38 1.34 0.0 0.0 1.07 1.04 
Inca-Hybrid 0.80 0.76 0.83 0.79 0.88 0.84 1.07 1.03 1.18 1.15 0.89 0.85 
Mean 0.84 0.80 0.89 0.85 0.95 0.91 1.18 1.14 * * 0.97 0.93 
(2009-10) CD(V)=0.066 

CD(S)=0.054 
CD(VxT)=ns 

SEm(V)=0.023 
SEm(S)=0.019 
SEm(VxT)=0.046 

(2010-11) CD(V)=0.069 
CD(S)=0.056 
CD(VxT)=ns 

SEm(V)=0.024 
SEm(S)=0.020 
SEm(VxT)=0.027 

* varieties not survived at 8dSm-1, hence not included in analysis 
 

RESULT AND DISCUSSION 

           Nutrient status in leaves of all six varieties of 
marigold was greatly influenced by different levels of 
salinity. In present investigation imbalances was 
observed in level of nitrogen, phosphorus, potassium, 
calcium, magnesium and sodium in leaves of various 
varieties of marigold on dry weight basis. The 
imbalance in status of nutrients may be due to 
differential absorption of constituent ions from saline 
medium, which ultimately result in toxic 
accumulation of few of nutrients and reduction of 
other in plant tissues. The variability in genotypic 
response may be due to their specific adoptability to 
unfavorable soil condition. 
Nitrogen content (% dry weight of leaves): 

A through perusal of data (Table 1) on effect 
of various salinity levels on nitrogen content in leaves 
of marigold varieties indicates that, with increase in 
salinity levels, the nitrogen content in leaves 
decreased significantly. The maximum reduction 
(41.80 and 42.86 per cent) in nitrogen content of 
leaves over control was recorded at 6dSm-1 level, 
while it was only 5.39 and 6.89 per cent at 2 dSm-1. 
On comparing various marigold varieties, Pusa 
Narangi Gainda was found to have maximum 
nitrogen content in leaves (3.48 and 3.45%) which 
was significantly superior over Inca-Hybrid (3.39 and 
3.39%) and other varieties. While at 8 dSm-1 most of 
varieties failed to survive. Among surviving varieties, 
the least amount of nitrogen content was found i.e. 
2.10 and 2.12% in Local Selection. The probable 
reason for such result may be emphasized by Flores et 
al. (2000) is that Cl- sharply decrease the NO3

- uptake 
by roots, incorporation of nitrogen into organic 
compounds and translocation of nitrogen to the 
leaves.  
Potassium content (% dry weight of leaves): 

It is oblivious from the data in Table 2 that, 
with increase in salinity levels, the potassium content 
in leaves also decreased significantly. Maximum 
reduction ( 33.13 and 33.13 per cent) in potassium 
content of leaves over control was recorded at 6 dSm-

1 level, while it was 10.53 and 10.49 per cent at 
2dSm-1. On comparing various marigold varieties, 

Pusa Narangi Gainda was found to have maximum 
potassium content in leaves (2.82 and 2.80%) which 
was significantly superior over Inca-Hybrid (2.77 and 
2.73%) and other varieties. Reduction in absorption of 
potassium under high sodicity levels by plant show 
that Na has antagonistic influence in absorption of K. 
Despite causing osmotic and ionic stress, salinity 
causes ionic imbalances that may impair selectivity of 
root membranes and induce potassium deficiency ( 
Gadallah, 2000). Maintenance of adequate K+ in plant 
under salt stress seems to be dependent upon selective 
K+ uptake and selective cellular K+ and Na+ 
compartmentation and distribution in shoots.( Munns 
et al.,2000; Carden et al.,2003). Ionic imbalance 
occurs in cell due to excessive accumulation of Na+ 
and Cl- and reduces uptake of other mineral nutrients, 
such as K+, Ca2+ and Mn2+ (Karimi et al., 2005).  
Phosphorus content (% dry weight basis): 

Data pertaining to phosphorus content in 
leaves of various marigolds reveals that with increase 
in salinity levels, the leaf phosphorus content of all 
varieties decreased significantly as compared to 
control. A progressive decrease of 21.67, 19.40; 
35.00, 26.87 and 46.67, 38.81 per cent at 2, 4 and 6 
dSm-1 levels, respectively. Pusa Narangi Gainda 
variety (0.55 and 0.64%) maintained significantly 
higher levels of phosphorus content over other 
varieties while minimum was observed in Sunset 
Giant variety (0.32 and 0.41%). Similar decrease in 
phosphorus content with respect to increased salinity 
have been reported in leaves of china aster (Mantur et 
al., 1996), Lilium ( Hwang et al.,1998) , sunflower 
(El Kader et al., 2006).  
Magnesium content (% dry weight of leaves): 

Data obtained for magnesium reveal that 
with increase in salinity levels, the leaf magnesium 
content of all varieties decreased significantly at 4 
and 6 dSm-1 by 30.0, 26.58 and 52.86, 45.57 per cent 
as compared to control. But 2dSm-1 slight increase in 
magnesium content was recorded. Inca-Hybrid 
variety (0.61 and 0.71%) maintained significantly 
higher levels of magnesium content over other 
varieties. It was closely followed by Pusa Narangi 
Gainda (0.58 and 0.67%) while minimum magnesium 
content in leaves were observed in Sunset Giant 
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variety (0.46 and 0.56% ). Interaction between 
varieties and salinity was found to be non-significant, 
yet there was progressive decrease in all varieties 
with increased salinity.  
Calcium content (% dry weight of leaves): 

Calcium content in leaves of various 
marigold varieties, as affected by salinity show that it 
decreased significantly at 4 and 6 dSm-1 levels to an 
extent of 22.71, 23.69 and 41.81 , 41.81 per cent as 
compared to control. But 2dSm-1 slight increase in 
calcium content was recorded. On comparison of 
various varieties of marigold, it was found that Pusa 
Narangi Gainda variety (2.40 and 2.52%) maintained 
significantly higher levels of calcium content over 
other varieties. It was closely followed by Inca-
Hybrid (2.32 and 2.43%). The minimum calcium 
content in leaves was observed in Sunset Giant 
variety (1.94 and 2.04%). Salt stress decrease the 
Ca2+/Na+ ratio in the root zone which affects 
membrane properties due to displacement of 
membrane associated Ca2+ by Na+ leading to 
dissolution of membrane integrity and selectivity. 
Increase in Ca and Mg content with increased salinity 
have been reported in china aster (Mantur et 

al.,1996), carnation ( Oh Keun et al., 2005).But 
Valdez et al.(2009) in marigold and Tounekti et al. 
(2011) in rosemary reported decrease in Ca2+ and 
Mg2+ content with increased NaCl stress. 
Sodium content (% dry weight of leaves): 

Data in Table 6 reveal that increase in 
salinity levels, the leaf sodium content of all varieties 
also increased significantly as compared to control. A 
progressive increase of 5.95, 6.25, 13.10, 13.75 and 
40.48, 42.50 per cent at 2, 4 and 6 dSm-1 levels, 
respectively. On comparison of various varieties of 
marigold, it was found that Sunset Giant variety (1.07 
and 1.04%) maintained significantly highest levels of 
sodium content over other varieties, closely followed by 
Pusa Basanti Gainda (1.03 and 0.99%).The minimum 
sodium content in leaves of Pusa Narangi Gainda variety 
showed minimum accumulation of sodium  (0.86 and 
0.82%). While at 8 dSm-1 the maximum accumulation of 
sodium was observed i.e. 1.27 and 1.26% in Local 
Selection. The increase in Na+ content have also been 
reported to increase with salinity in rose ( Wahome et 
al.,2001), carnation ( Oh Keun et al., 2005), sunflower ( El 
Kader et al., 2006), Dianthus japonicum ( Heo et al., 2007) 
and in rosemary ( Tounekti et al.,2011).  
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ABSTRACT 
The energy input for cultivation of buckwheat using improved equipment system was 342.34 

MJ/ha over traditional equipment system in terrace conditions. The energy output input ratio was higher 
(8.51) for improved equipment system as compared to output input ratio value of 4.17 in case of 
traditional equipment system for buckwheat crop production in terrace conditions. The source wise cost 
economics showed an increase of Rs.7361/ha in case of traditional equipment system over. The 
operation cost economics revealed that the cost of operation for improved equipment system for 
production of buckwheat crop was 4246/ha kisser as compared to traditional equipment under terrace 
cultivation. 

Key words: buckwheat, bullock farming, energy and equipment. 
 

North eastern region consist of 640 million 
ha cultivable area in which 128.17 million animal 
pair cover 162.31 million ha area. Sikkim has 10.9 
million ha cultivable area in which 3 million ha area 
is covered by 2 million animal pairs. The energy 
input is considered as one of the most important 
yardsticks of the productivity of land. The animals 
are the major source of power for seed bed 
preparation and sowing of crops on Sikkim farms. 
The animate power sources and power tillers have 
been introduced in Sikkim agriculture in order to 
achieve the timeliness and speed of operation for 
increasing buckwheat crop yield.  

 In order to evaluate the energy input cost 
and returns of crop production for buckwheat crop 
and to develop farm power and machinery package 
and management practices which increase timeliness 
in production agriculture at different levels of 
productivity a study was conducted at the Samlik 
village in east Sikkim for bullock farming system. 
This paper deals with auditing of energy use for 
buckwheat crop considering the cropping inputs like 
seed, organic manure bio-pesticides  and various 
farm operations carried out by bullock operated 
equipment. The cost of cultivation, returns and profits 
under buckwheat crop has also been worked out. 

MATERIAL AND METHODS 

For the study buckwheat crop was raised 
under bullock farming system at Samlik village in 
east Sikkim in 0.8 hectare land during winter season 
(Rabi) 2010-11. Under bullock farming system 
improved plough two row seed drill, Kulja, knapsack 
sprayer for integrated pest control, sprinkler set, 
sickle and power thresher were used for carrying out 

various farm operations. The inputs like seed and bio-
fertilizer and bio-pesticides were used as per 
recommended agronomic practices for the region. 
The data were recorded for the use of human and 
animal power, electrical energy and machinery used 
for carrying out various farm operations. While 
recording these data the time spent on any major 
breakdowns, if nay was excluded. However, the time 
for minor adjustments was included in the operation 
time. The data presented for crop yield are for 
sundried cleaned products.  

The energy audit in the cultivation of crop was done 
to study the intake and energy generated by the crop. 
The ration was worked out by dividing the total 
energy generated from the main product and 
byproduct by the total energy used for raising a crop 
in the unit area. For this auditing the energy 
equivalence of various energy inputs and outputs as 
suggested by Mittal and Dhawan were used (Table 
1). 

 The cost of operation of various equipment 
calculated as per the standard procedure suggested 
Bureau of Indian Standard and the same was used for 
computing the cost of cultivation. The cost of using 
bullock power was worked out as per the 
recommendations of AICRP on UAE. For cost 
calculation, the initial cost of bullock drawn 
improved plough, two row seed drill, kulfa, electric 
motors, sprinkler set and small power thresher (2 hp) 
were taken as Rs 1500/- Rs 2500/-, 700/- and Rs. 
45000/- respectively. The initial cost of pair of 
bullocks was taken as Rs. 15000/-. The prices of 
buckwheat and buckwheat straw have been taken as 
Rs 1500/- and Rs 2 per quintal respectively.  
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Table 1.Energy co-efficients for various inputs and equipment used 

Equipment input Major material of 
construction 

Approx. 
weight. 

Average useful 
life. Energy co-efficient 

(kg) (h) MJ/kg MJ/h 
Human energy - - - - 1.96 
Bullock pair energy - - - - 14.05 
Seed - - - 14.7 - 
Bio-fertilizer - - - 60.1 - 
Bio- pesticides - - - 120 - 
Traditional plough steel 13 1,000 62.7 1.85 
Clod crusher cum leveler 
(Dande) 

Wood 15 1,000 62.7 1.32 

Thresher Steel 400 2,500 62.7 10.03 
Bullock drawn improved 
plough 

Wood, Steel 5.5 1,000 37.6 1.32 

Bullock drawn seed drill Steel 26.5 2,000 62.7 2.03 
Bullock drawn blade 
harrow (Kulpha) 

Steel 15 1,000 62.7 1.88 

Knapsack sprayer Metal, PVC 14 2,000 62.7 0.44 
Improved Sickle Wood, Steel 0.35 400 62.7 0.05 
Sprinkler set Aluminum 500 9,750 62.7 3.20 
Elec. Motor, 5 hp Steel, Copper 60 10,000 64.8 0.32 

 
Table 2. Energy input for cultivation of buckwheat under traditional bullock farming system 

* EE    Energy Equivalent 
 

Table 3 Energy input for cultivation of buckwheat under improved equipment bullock farming 

Operation/input Direct energy Total 
Direct 
energy 

(MJ/ha) 

Indirect energy 
equipment Other 

indirect 
energy 

(MJ/ha) 

Total 
indirect 
energy 

(MJ/ha) 

Total 
energy 

(MJ/ha) 

 Human Animal Electrical 

(h/ha) 
Energy 
indirect 
(MJ/ha) 

 Man 
(h/ha) 

Energy 
equivalent 

(MJ/ha) 
(h/ha) 

Energy 
equivalent 

(MJ/ha) 
(MJ/ha) 

Seedbed 
preparation 
ploughing 
(improved 
plough) 

 
 
55 

 
 
107.81 

 
 
55 

 
 
773.12 

 
 
- 

 
 
880.93 

 
 
55 

 
 
72.61 

 
 
- 

 
 
72.61 

 
 
953.54 

Clod crusher 
cum leveler 

25 49 25 351.25 - 400.25 25 33 - 33 433.25 

Sowing (two row 
seeddrill) 

17 33.31 17 238.85 - 272.16 17 34.04 8488 8522.04 8794.2 

Irrigation 80 156.80 - - 1289.89 1446.69 72 581.52 - 581.52 2028.21 
Harvesting, 
handling & 
transportation 

208 407.68 - - - 407.68 120 7.20 - 7.20 418.88 

Threshing 54.16 106.15 - - 165.73 271.88 13.54 135.81 - 135.81 407.69 
Total 439.16 811.75 97 136.22 1455.62 3679.59 302.54 864.18 8488 9352.18 13035.77 

Operation 

Direct Energy Total 
direct 
energy 

Indirect energy 
equipment 

Other indirect energy 
Total indirect t energy 

Total energy Human Animal 

(h/ha) *EE 
(MJ/ha) (h/ha) EE 

(MJ/ha) 
(MJ/ha) 

 (h/ha) EE 
(MJ/ha) 

MJ/ha 
(Seed) (MJ/ha) (MJ/ha) 

Seedbed 
preparation 
traditional plough 
   
1st Ploughing 
 
2nd Ploughing 
 
Traditional clod 
crusher cum 
leveler i.e dande 

 
 
 

72 
 

65 
 

22.22 

 
 
 

141.12 
 

127.41 
 

43.54 

 
 
 

72 
 

65 
 

22.22 

 
 
 

1011.61 
 

646.30 
 

312.19 

 
 
 

1152.73 
 

1040.66 
 

355.73 

 
 
 

72 
 

65 
 

22.22 

 
 
 

95.01 
 

85.75 
 

29.31 

 
 
 
 
 
 
 

 
 
 

95.01 
 

85.75 
 

29.31 

 
 
 

1247.74 
 

1126.41 
 

385.04 

Sowing 
(broadcasting) 3.7 7.25 - -  150 9.00 8488 - 8495.25 

Harvesting (Local 
Sickle) handling 
and transportation 
(manually) 

238 466.68 - -     9.00 475.68 

Threshing 
(bullock treading 
& manual 
winnowing) 

80 191.30 50 702.50  6.93 69.51  69.51 963.31 

Total 480.90 977.73 209.22 2939.55 3916.85 316.15 288.58 8488 288.58 12693.43 
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Table 4 –Energy budget for buckwheat crop 
Farming system Energy input 

(MJ/ha) 
Energy output 

(MJ/ha) 
Energy output-

input ratio 
Improved equipment system 13035.77 1,10,956.70 8.51 

Traditional equipment practice system 12693.43 53009.86 4.17 
 

 
 

Table 5- Cost economics per hectare of growing buckwheat under bullock farming system 
Sourcewise input Improved equipment 

system, h 
Traditional practice 
cultivation system, h        

Improved equipment 
system, Cost, Rs 

Tradition equipment 
system Cost, Rs. 

Human, h 346.21 605.92 5626 9847 
Animal-pair, h 47.1 138.58 1766 5197 
Equipment, h 252.64 166.22 1769 1800 
Electricity, kWh 404.00 - 1212  
Seed, kg 100.00 120 3000 3500 
Bio-fertilizer 200 225 3110 3500 
Total   20361 16483 23844 

 
Table : 6 Energy input for cultivation of buckwheat under improved equipment system 

 (A) COST Improved Equipment System  
Cost, Rs/ha 

Traditional practice system 
Cost, Rs/ha 

Seedbed preparation 3000 4834 
Sowing 750 130 
Irrigation 2320 - 
Harvesting, handling and 
transportation 

3413 3868 

 Threshing 500 720 
 Seed 3000 3500 
 Bio-fertilizer 3500 3500 
Total 13393 17639 
(B) RETURNS Difference 4246  
Grains 24600 22275 
 Straw 4484 3895 
Total 29084 26170 

Net profit over conventional practice is worked out as Rs. 2914. 
 

RESULT AND DISCUSSION 

 The operationwise sourceswise energy 
requirements and output/input ratio for buckwheat 
crops are presented in Tables 2 and 3. The data 
indicated a total energy input of 13035.77 and 
12693.43 MJ/ha for improved equipment system and 
traditional practice/equipment system for production 
of buckwheat under bullock farming system. 
 Operation wise analysis for buckwheat crop 
showed that the improved equipment system required 
two operations for seedbed preparation (improved 
plough-01, clod crusher cum leveler-01) while 
traditional equipment practice system required three 
operations (traditional plough-2 and Dande-once) to 
achieve good quality of operation. 
 The grain yield of buckwheat crop were 
15.46 q/ha and 14.25 q/ha for improved and 
traditional equipment systems respectively. The 
higher yield of the crop under improved equipment 
system was possibly due to the timeliness of critical 
operation with mechanization. In addition to this 
under improved equipment system and traditional 
equipment system of bullock farming buckwheat 

straw yield were 44.83 q/ha and 41.6 q/ha 
respectively. 
The energy output input ratio for improved equipment 
system was higher (8.51) as compared to traditional 
equipment/practices for buckwheat crop production 
which was worked out as 4.17 as mentioned in table 
4. 
 The sourcewise cost economics revealed that 
there was more expenditure of Rs.7361/ha in case of 
traditional equipment system of buckwheat 
production as compared to improved equipment 
system as mentioned in table 5.  
The operationwise cost economics for improved 
system and traditional equipment system were 
worked out in table 6 which showed RS. 4246/ha 
more cost in traditional equipment system over 
improved cultivation system for buckwheat 
production in terrace conditions. 

CONCLUSIONS 

 i) The energy input for cultivation of buckwheat 
using improved equipment system was 342.34 
MJ/ha over traditional equipment system in 
terrace conditions. 
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ii) The energy output input ratio was higher (8.51) for 
improved equipment system as compared to 
output input ratio value of 4.17 in case of 
traditional equipment system for buckwheat crop 
production in terrace conditions. 

iii) The sourcewise cost economics showed an 
increase of Rs.7361/ha in case of traditional 
equipment system over improved equipment 
system for buckwheat crop. 

iv) The operation cost economics revealed that the 
cost of operation for improved equipment system 
for production of buckwheat crop was 4246/ha 

kisser as compared to traditional equipment 
under terrace cultivation. 
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ABSTRCT 

Aerobic rice is a production system where rice is grown in well-drained, non-puddled, and non-
saturated soils. Water savings from land preparation, no transplanting costs, seed costs and labour 
costs from sowing to harvest varied from 520 to 650 mm, compared with 1200-1300mm in lowland rice. 
The aerobic rice cultivar must have better yield performance of low land condition and better drought 
performance of upland condition with desired root traits. Nematode and weed infestation are the major 
problem for yield decline due to changes in soil nutrient level and growth inhibition by toxic substances 
from root residues are key point for poor yield of continuous aerobic cultivation. 

Key words: Aerobic rice, water-use efficiency, Supplementary irrigation. 
Food and water are two of the most 

important necessities for survival but with an 
increasing demand for food and a looming water 
crisis, a shortage of both may be on the horizon 
unless innovative technologies are developed. Water 
especially is fast becoming a precious commodity, as 
more and more people continue using water for the 
household, industry, and agriculture. Scientists are 
now taking on the challenging task of developing rice 
production systems that can cope with water scarcity. 
Rice is one of the most important and most planted 
crop plants of the world. In experimental plots it takes 
between 1100 and 1200 litres of water to produce 1 
kg of rough rice (Rice is life, 2005) but in many cases 
water consumption is several times greater (Klapetek 
et al., 2010). Irrigated rice has very low water-use 
efficiency as it consumes 3000–5000 litters of water 
to produce 1 kg of rice. The traditional rice 
production system not only leads to wastage but also 
causes environmental degradation and reduces 
fertilizer use efficiency. Freshwater availability for 
irrigation decreases because of increasing demand 
from urban and industrial areas, degrading irrigation 
infrastructure and water quality. The demanding for 
high production of rice with less water use is crucial 
for food supply.  Increasing water productivity at the 
field level can be accomplished by: (i) increasing the 
yield per unit cumulative ET (ii) reducing the 
unproductive water outflows and depletions (iii) 
making more effective use of rainfall. The last 
strategy is important from the economic and 

environmental points of view where the water that 
needs to be provided through irrigation can be offset 
by that supplied or replaced entirely by rainfall. 

MATERIAL AND METHODS 

One field experiment was conducted during 
2001 and 2002 to determine the effect of crop density 
on water productivity of rice crop. The study was 
carried out in a split-plot design with three plant 
spacing as subplots (20 cm × 20 cm, 15 cm × 15 cm, 
and 10 cm × 20 cm) and four different irrigation 
regimes (continuous submergence as the control and 
100%, 75%, and 50% evaporation of pan) as main 
plots. To model the various water productivity 
components, the ORYZA2000 model was used. The 
main plot was 10.5 m × 3.5 m with three equal 
subplots separated by 0.5-m space between them to 
avoid lateral seepage. The entire main and subplot 
treatments were selected randomly and showed in 
table-1. (Amiri et al. 2011).   

Another one field experiment was conducted 
during kharif seasons of 2008 and 2009 at 
Kampasagar, Nalgonda and Andhra Pradesh. The soil 
of the experimental site was sandy clay loam with pH 
8.1 and 7.7 in 2008 and 2009 respectively. The 
moisture at field capacity and permanent wilting point 
was 22.6 and 12.01% and soil bulk density was 1.56 
Mg/m3. The results shown in table -2 where yield 
attributes is more in irrigation at seven days interval 
(I2). 

 

Table: 1 Water balance components and rice yield under different irrigation regimes and plant densities 
Year Irrigation regimes Plant density Yield (Kg/ha) 
2001 Continuous submergence 20 × 20 cm 2432 

 Irrigation based on 100% evaporation 20 × 20 cm 2063 
 Irrigation based on 75% evaporation 20 × 20 cm 2073 
 Irrigation based on 50% evaporation 20 × 20 cm 1804 

2002 Continuous submergence 20 × 20 cm 2950 
 Irrigation based on 100% evaporation 20 × 20 cm 3032 
 Irrigation based on 75% evaporation 20 × 20 cm 3149 
 Irrigation based on 50% evaporation 20 × 20 cm 2715 

          (Source: Amiri et al., 2011) 
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Table: 2 Yield attributes and grain yield as influenced by irrigation schedules 

Treatments Panicle / m2 Grain yield (Kg/ha) 
Irrigation schedules (I) 2008 2009 2008 2009 
I1–Irrigation once in two days 273 255 4348 4106 
I2–Irrigation at seven days interval during vegetative stage 
and four days interval during reproductive stage 

286 
 

267 
 

4537 
 

4286 
 

LSD (P=0.05) 8 6 93 89 
                        (Source: Latheef Pasha et al., 2011) 

 
Table: 3 Comparison of seasonal water requirement between lowland flooded rice and aerobic rice 

Operations                         Seasonal water requirement (mm) 
 Lowland flooded rice Aerobic rice 
Land preparation 150–300 100 
Evaporation 200 100 
Transpiration 400 400 
Seepage and percolation 500-1500 335 
Total seasonal water requirement 1650–3000 935 

                                             (Source:Tuorg and Bouman, 2003; Lampayan and Bouman, 2005). 
 

RESULTS AND DISCUSSION 

Evolution of aerobic rice: In Asia, upland 
rice is being grown in the past aerobically with 
minimal inputs as a low yielding subsistence crop 
(Lafitte et al., 2002). These upland rice varieties are 
drought tolerant, but have a low yield potential and 
tend to lodge under high levels of external inputs such 
as fertilizer and supplemental irrigation. Conversely, 
high yielding lowland rice varieties grown under 
aerobic soil conditions, have been shown to save 
water but with a severe yield penalty (Blackwell et 
al., 1985; Westcott and Vines, 1986; McCauley, 
1990). With regard to water saving several other 
technologies has also been developed to reduce water 
loss and increase the water productivity of the rice 
crop.  

The concept of aerobic rice cultivation:  
Aerobic rice cultivation is an approach in rice 
cultivation is to grow the crop like an irrigated upland 
crop such as wheat or maize. Unlike lowland rice, it is 
grown in unpuddled, non-saturated (i.e., aerobic) soil 
without flooded water. It is a new concept of reducing 
water requirement for rice in which rice is grown like 
an upland crop with high inputs and supplementary 
irrigations when rainfall is insufficient (Bouman, 
2001). 

Soil management to increase resistance to 
water flow: The resistance to water flow can be 
increased by changing the soil physical properties. 
Cabangon and Tuong (2000) showed the beneficial 
effects of additional shallow soil tillage before land 
preparation to close cracks that cause rapid bypass 
flow at land soaking. Through puddling results in a 
good compacted plough soil that impedes vertical 
water flow (De Datta, 1981). 

Difference between aerobic rice and 
upland rice - Upland rice is grown in rainfed and 
naturally well-drained soils that are usually on 
sloping land with erosion problems, drought-prone 
and poor in physical and chemical properties. Upland 

rice varieties are low-yielding but drought- and low-
fertility-tolerant thus giving low but stable yields 
under the adverse environmental conditions of 
uplands. However, high levels of inputs of fertilizer 
and supplemental irrigation to upland rice will lead to 
lodging and thus reduce yield. Aerobic rice is targeted 
at more favourable environments where land is flat or 
terraced and soil can be frequently brought to water 
field capacity by rainfall or supplemental irrigation, 
or where land is sloping but frequent rainfall can keep 
soils moist throughout the growing season. Aerobic 
rice can be a replacement of lowland rice wherever 
available water is insufficient for lowland rice but 
sufficient for aerobic rice. Both aerobic and upland 
rice are adapted to aerobic soil conditions but aerobic 
rice varieties are more input-responsive and higher 
yielding than traditional upland ones. 

Cultural practices for aerobic cultivation - 
Minimum Tillage is enough for aerobic rice 
cultivation. Field should be thoroughly prepared by 
using disc plough, cultivator and rotavator. Sowing 
either by using manual seeding or drum seeder. Seed 
rate of 40-45 kg ha-1 with the spacing of 20x10cm (50 
hills/m2). Weed control - Pre emergence herbicide 
application pendimethalin/oxadiazon or Post 
emergence herbicide (bispyribac sodium) and manual 
weeding recommended. Fertilizer = 70-90 kg N ha-1 
could be a useful starting point to obtain a yield of 4-
6 t ha-1 (Recommended 150:50:50 kg ha-1 NPK). First 
split can best be given 10-12 days after emergence, 
second split at active tillering (AT) and third slip 
fertilizer application at panicle initiation (PI) stage. 

Irrigation practice- Irrigation given through 
flood the soil but to just bring the soil water content 
in root zone up to field capacity (FC). Light irrigation 
(30 mm) after sowing may be needed to promote 
emergence. Irrigation needed when soil water tension 
at 20 cm is more than 20 kPa (or leaves start to roll). 
Amount of each irrigation application should be 
sufficient to bring the topsoil of 20 cm to field 
capacity.  
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1. The optimum soil water condition would be 
maintained around field capacity (30-40 kPa'' 0.3-04 
bar soil moisture potential) across the growth stages.  
2. Apply irrigation upon visible symptom of 
developing hair cracks on surface soil, or initiation of 
tip rolling of first top leaves.  
3. Irrigation, applied at this stage attaining the 
condition of saturated soil moisture regime. 
 4. Usually, scheduling irrigation at 5-7 days interval 
may supplement the optimum water requirement in 
aerobic rice 

In the temperate zone, studies on lowland 
rice grown under aerobic conditions were conducted 
in USA by Westcott and Vines (1986) and McCauley 
(1990). Irrigation water inputs were 20 to 50 per cent 
lesser than under flooded conditions, depending on 
soil type, rainfall and water management. Wang et al., 
(2002) concluded that yields could be increased 
through research by improved irrigation and nutrient 
management, in addition to breeding special aerobic 
rice cultivars. 

Aerobic rice production system eliminates 
continuous seepage and percolation losses, greatly 
reduces evaporation as no standing water is present at 
any time during the cropping season, and effectively 
uses the rainfall and thus helps in enhancing water 
productivity, concomitant loss of soil sediments, silt 
and fertility from the soil. A comparison of water 
requirement of lowland flooded rice and aerobic rice 
system clearly shows that aerobic rice system can 
save about 45 per cent of water. 

In Northern China, however, breeding efforts 
have produced temperate aerobic rice cultivars with 
yield potential upto 6 t ha-1 under supplementary 
irrigation (Bouman and Tuong, 2001). Yields of 4-6 t 
ha-1 are obtained by using less water (450-650 mm 
versus 1300- 1500 mm in lowland rice), resulting in 
much drier soil conditions than in Brazil, USA and 
Australia.  

CONCLUSION 

Rice and rice based systems are predominant 
in Indian agriculture. The concept of aerobic rice 
holds promise for farmers in water-short irrigated rice 
environments where water availability at the farm 
level is too low or where water is too expensive to 
grow flooded lowland rice. The ORYZA2000 model 
was sufficiently accurate in the simulation of yield 
under water-saving and crop density conditions for 
our study site. The results were showed that irrigation 
by 75% evaporation rate from evaporation pan and 
also 20 cm × 20 cm crop spacing should be 
considered as optimum irrigation and crop density. 
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ABSTRACT 

Krishi Vigyan Kendra’s proved to be one of the option for improvement of knowledge level in 
farming community of rural India through trainings, On Farm Trials (OFT), Frontline Demonstrations 
(FLD) and extension activities as a mandate benefiting farmers in improving the livelihood. The 
Knowledge level experiment was conducted among the farmers of Visakhapatnam district. Mostly 
sugarcane, paddy and vegetables covers most of the sown area in the district, besides which the dairy 
and poultry plays an important role in generating income from the agricultural and allied sciences. The 
knowledge level between the trained farmers of the KVK and non member’s of KVK (not availed the 
facilities of KVK). A profarma containing the subject knowledge on paddy, sugarcane cultivation and for 
different crops etc. was prepared to compare the knowledge gained by the trained farmers with 
untrained once. The knowledge gap between trained and non trained farmers in paddy and sugarcane 
cultivation aspects was around 20% and 28% respectively which resulted in high cost of cultivation for 
the untrained farmers. It was observed that 46.7% of farmers are having good knowledge on cultivation 
of Groundnut, Sunflower, Sesame & Black gram cultivation after getting training from BCT KVK 
whereas, 21.13% of farmers are having good of 25.57% knowledge level in between trained and 
untrained farmers. Knowledge level of Members & Non members of KVK on Poultry rearing and dairy 
was also calculated.  

 
Key words: BCT KVK, dairy, paddy, poultry, sugarcane and trained and untrained farmers. 

 
The Krishi Vigyan Kendras are the grass-

root level technology transfer and vocational training 
institutions designed for bridging the gap between the 
available technologies at one end and their application 
for increased production on the other. Accelerating 
agricultural and allied production through acquisition 
of vocational skills, application of appropriate 
technologies and inputs should be the prime goal. The 
agricultural technology is transferred through 
imparting vocational training to the farmers, farm-
women, rural youths and grass-root level extension 
workers in broad-based agricultural production. The 
emphasis is given to provide critical skills so that the 
participants may confidently use on their farms to 
increase agricultural productivity and also become 
economically self-reliant through gainful self-
employment. (Dubey, 2008) revealed that Impact of 
KVK Training Programme on Socio-economic Status 
and Knowledge of Trainees in Allahabad District, 60, 
had undertaken study on 150 on-campus trainees and 
150 off-campus trainees spread among ten 
purposively selected villages under five blocks under 
the domain of KVK Allahabad. The 15 on-campus 
trainees and 15 off campus trainees were selected 
randomly from each selected villages. Two variables 
namely, respondents’ socioeconomic status and their 
level of knowledge about the training programme of 
the selected KVK were measured by utilizing pre-
structured and pre-tested interview schedule. Findings 
of the study showed that a higher percentage 
(43.33%) of on-campus trainees had medium socio-

economic status followed by low (36 %) socio-
economic status and only 20.67 per cent had high 
level of socio-economic status. However, in case of 
off-campus trainees, 55.33 per cent had low socio-
economic status followed by 42 per cent medium 
level and only 2.67 per cent high level of 
socioeconomic status.  

The study revealed considerable difference 
between on and off-campus trainees regarding their 
socio-economic status. It was also found that majority 
(74.67 %) of the on-campus trainee respondents had 
high level of knowledge followed by medium level of 
knowledge (24 %) and low level of knowledge 
(1.33%), whereas in case of on-campus trainees 75.34 
per cent respondents had medium level of knowledge, 
15.33 per cent had high level of knowledge followed 
by 9.33 per cent who had low level of knowledge 
about the KVK training programme. This indicates 
that there has been a significant difference between 
the on and off-campus trainees with regard to their 
knowledge about KVK training programme1. (Dubey, 
2007) studied that Effect of Training Programme on 
Knowledge and Adoption Behavior of Farmers on 
Wheat Production Technologies ascertained the level 
of knowledge and adoption behavior of the farmers 
with respect to wheat production technologies due to 
training imparted by Krishi Vigyan Kendra, 
Allahabad. Farmers were selected from the four 
villages namely Hathigon from Chaka block, 
Tikarikala, Pander and Sujauna from Jasara block and 
imparted training on scientific wheat production 
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technologies. Twenty-five trainees and equal number 
of non-trainees were randomly selected making the 
sample size of 50 farmers. It was found that trainees 
had high level of knowledge (100 %) whereas in case 
of non-trainees, 52% high level, 44 % medium level 
and only 4 % with low level of knowledge. There was 
a significant difference between trainees and non-
trainees regarding the knowledge about the package 
of practices of wheat crop. The study also revealed 
that most of the trainees (84 %) had higher level of 
adoption followed by medium level (16 %) whereas, 
most of the non-trainees had medium level of 
adoption (64 %) followed by low level of adoption 
(32 %). This indicates that there had been a 
significant difference between trainees and non-
trainees regarding the extent of adoption of package 
of practices of wheat crop. Trainees had higher level 
of adoption of recommended package of practices as 
also higher mean scores than the non- trainees. Thus, 
it could be concluded that the trainees had more 
knowledge and extent of adoption of package of 
practices of wheat crop than non-trainees. The KVK 
should organize more number of training programmes 
for maximum benefit of the farmers. (Ananthachary 
1990) studied that majority of the KVK trained 
farmers had medium level of knowledge about 
improved practices of rainfed Groundnut followed by 
high and low levels of knowledge. Whereas, majority 
of the untrained farmers had medium knowledge 
followed by low and high knowledge. (Meena, 2010) 
Studied in Sriganganagar on trainees trained by 
ZARS Krishi Vigyan Kendra Sriganganagar. A 
sample of 120 farmers was selected among the 
trainees who have under gone trainings in KVK from 
Sriganganagar block. Knowledge improvement and 
adoption of technologies was studied after the season. 
The result of the study pointed out that there was 
significant increase of KVK beneficiaries after the 
start of KVK. The study revealed that KVK trainings 
were effective and significantly increased knowledge 
levels of farmers about cotton production 
technologies. The areas in which knowledge gained 
recorded high, included improved varieties, seed rate, 
use of manures and fertilizers, plant spacing etc. 
Regarding adoption of recommended practices of 
cotton production, KVK trainees reported 25 to 30 
percentage of adoption than the pre-training season. 
Favorable response was noticed towards different 
KVK trainings by the trainees. (Rao, 2010) noted that 
impact of Training Programs on Knowledge Level of 
Farmers presented that the impact of training 
programs of KVK, Visakhapatnam reveals that 
Majority of Trained and Untrained respondents of 
Rainfed farmers and Irrigated farmers were having 
education upto primary level. There is low level of 
social participation. (Ahire, 2010) observed that 
majority of the reader farmers were from young age 
groups, undergone degree/higher education, farming 
as their main occupation and had medium land 
holdings. (Mishra, 2000) revealed that Role of Krishi 
Vigyan Kendra in diffusion of farm and allied 

technology among farmers of Kalahandi district, 
Orissa, In their paper an attempt has been made to 
assess the effectiveness of Krishi Vigyan Kendra, 
Kalahandi on diffusion of farm and allied 
technologies among the trained farm families in the 
adopted villages. The Kendra since its inception in 
1994 has conducted training programmes for farm 
families on crop production, horticulture, plant 
protection, agricultural engineering, animal science, 
fishery, extension education and home science. 
Besides these, it has held front-line demonstrations on 
oilseeds and pulses, and demonstrations on other 
crops and allied activities and on-farm testing for 
farmers and farm women. Out of the total number of 
trained farmers in the year 1994-95, 100 farmers were 
successful after training. Salunkhe (2011) revealed 
that Role of KVK in Transfer of Technology 
mentioned that the vocational training courses should 
prepare the practicing farmers to adopt modern 
technologies, and the young farmers/school-drop-outs 
for scientific farming or for self employment on their 
own farms or in agro-based industries. In order to 
discourage the white-collar job seekers and encourage 
those who are practicing farmers or intending to go in 
for farming or self-employment, the KVK should not 
award any certificates or diplomas irrespective of the 
duration of the training courses, Nevertheless, at the 
request by the individual trainee, the training 
organizers may write about the training courses 
successfully completed by trainee to the prospective 
employing institution/agency8. Sudhakar, N. (2004), 
revealed that based on the growing needs of 
employment opportunities at village level the 
importance of vocational training programs organized 
at KVK were stressed in Annual Zonal Report of 
KVK.  
  The study was conducted at 
University of Agricultural Sciences (UAS), GKVK, 
Bangalore during 2010–2011 and the sample consist 
of all the final year students (95) of College of 
Agriculture, Bangalore. A well structured, pre-tested 
questionnaire was used to collect the data and the data 
was analyzed using appropriate statistical techniques. 
The study revealed that majority of the Under-
Graduate students reported that use of teaching 
methods, teaching materials and teaching devices by 
their teachers were moderate extent both in theory 
and practical classes. Therefore, the use of new 
instructional technology in classroom for improving 
teaching methods given more importance in 
upcoming days to achieve quality in Agriculture 
Education (Pallavi, 2012). The present study was 
conducted in ten villages falling under six potato 
growing regions of East Khasi Hills district of 
Meghalaya during 2009–2010. A semi structured 
interview schedule was administered on 150 
randomly selected farmers from these villages. 
Findings of the study showed that regarding overall 
practices of potato cultivation a majority (71.3%) of 
potato farmers had high level of knowledge followed 
by 16.6 per cent and 12.0 per cent of potato farmers 
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who had medium and low level of knowledge 
respectively. Highest training need (mean score 3.34) 
was felt for plant protection measures followed by 
manures and fertilizer application, and land 
preparation and planting respectively. The variables 
education, occupation, social participation, sources of 
irrigation, annual income were found to be negatively 
and significantly correlated with the training needs of 
the respondents, while land holding under potato 
cultivation was found to have positive and significant 
correlation with the training need (Srivastava, 2013). 
Mandate of KVK encapsulates following 
functions: 
1. Collaborate with the subject matter specialists of 
the State Agricultural Universities/ Scientists of the 
Regional Research Station (NARP and the State 
Extension Personnel) in “on-farm” testing, refining 
and documenting technologies for developing region-
specific sustainable land use systems. 
2. Organize long-term vocational training courses in 
agriculture and allied vocations for the rural youths 
with emphasis on “learning by doing” for generating 
self-employment through institutional financing. 
3. Organize front-line demonstrations in various crops 
to generate production data and feedback information. 
4. Organize training to update the extension personnel 
within the area of operation with emerging advances 
in agricultural research on regular basis. 
 
What KVK can offer 
A) To Research Organizations 
• Conducting the on-farm trials for technology 

assessment 
• Refining the existing package of practices for 

different farming situations within the given 
NARP Zone. 

• Documenting the indigenous technical 
knowledge of the farmers 

• Providing first hand feedback 
• Any other need-based activity 
 
B) To Developmental Departments 
• Conducting skill oriented training programmes 

for farmers, farm women, school dropouts, rural 
youth etc., with regard to new skills. 

• Analysis of critical input of 
demonstration/training programmes 

• Implementing the selected development 
programmes on a pilot basis for providing 
firsthand experience and to set up the model for 
exposure visit of farmers and development staff 

• Conducting demonstrations on slow-moving 
technologies 

• Any other need based activity 
Locale of Study 
Visakhapatnam District is having a Total population is 
4,288,113 compared to 3,832,336 of 2001. Population 
Growth for Visakhapatnam District recorded in 2011 
for the decade has remained 11.89 percent. Average 
Literacy rate for Visakhapatnam District is 67.70 
percent, a change of from past figure of 59.96 
percent.  
Methodology: 
Variables and their empirical measurement of the 
study  
      The procedure followed for quantification of the 
variables is detailed below.  
1. Name of the respondent: 
2. Village: 
3. Mandal: 
4. Age: a. young age b. middle age c. old age 
5. Social Status: a. Schedule caste b. Schedule 

Tribe C. Backward class d. others 
6. Education: a. No Schooling b. functionally 

literate c. Primary D. Middle School E. High 
School. F. College education 

7. Occupation: a. crop husbandry b. animal 
husbandry c. agricultural labour d. Migrant e. 
any other 

8. Land Holding: a. dry land b. wet land c. others d. 
total 

9. Family size : a. total number of adults b. total no. 
of adolescents c. total no. of children 

10. Family types a. Joint family b. Nuclear family 
11. Annual Income: a. from Agriculture b. From 

other sources 
12. Knowledge 

 
Determination of Knowledge level among the trained farmers of KVK and non trained farmers through 
following points: 
Paddy 
Seed rate and time require in drum seeder and mechanical transplanting of paddy is less than normal paddy transplanting  
Most suitable [green manure] reclamation crop for saline soils management is Dhaincha (a green manuring crop) 
Application of butachlo@1.25 like area for the management of grasses and scales in paddy 3 to5 days after transplanting. 
75kg urea require for one acre of paddy 
Trycyclozole 0.6kg water require for the management for paddy 
SUGERCANE 
3.5 Tonus seed material requires one ac of field which can be reduced by the sugarcane bud chipper method. 
100kg urea require for one ac of sugarcane 
Field release of tricograme@ 15,000 per hectare at 30days after rationing and subsequently should be made at fortnightly interval for four 
times 
The plant crop infested with mealy bug should not be retuned 

Matribuzin@ ac in 450 liters of water with in 3days after returning in sugarcane 
GROUND NUT 
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Seed treatment with carbonizing for the management of color rat in groundnut 
200kg 1ac Gypsum applied at flowering stage 
SUNFLOWER 
Sulphur containing fertilizer applied in sunflower is single superpaspate 
Seed rate required for variedly 3-4 kg1ac 
SASAMUM 
Seed rate required for one ac is 2 
Seed treatment with MonoSol for the management of color rate 
BLACK GRAM 
PU-31 is[yellow mosaic virus[ YMV] resistant verity in black gram 
Spaying carbonizing for the management of powdery mildew in pulses  
POULTRY  
Vanaraja birds yield more members of eggs than dais birds of poultry 

Disease resistance and adoptability of Vanaraja birds is more than that of disbursed  

Backyard poultry don’t requires intense farm of feeding in the farm of a balanced ration 
Meat yield of Vanaraja birds greater than that of indigenous non-descript birds of poultry 

Backyard Poultry is a source of income through the sale of eggs meat etc.. and is a Nutritional supplement at cheaper costs to the rural 
population 

DAIRY 
Dairy Milk yield of a buffalo is 3-4 liters while that of a HF cow is 5-7 liters 
Azolla feeding supplements nitrogen, adequate proteins and other members like caparison etc. 

Calf management especially during the 1st 2 months of age is necessary to decrease mortality rate and healthy living 
Cows nature at the age of 1 ½ to 2 years; Buffaloes at 2 to 2 ½ years 
HF breed (cross-breed) are better than non – descript local breads by the fact that they yield more milk during lactation period and high 
disease resistance power 

 
Table 1: Knowledge gap analysis of members & non members on latest agricultural and allied practices: 

Crop Statement 
Knowledge 

score of 
members 

Knowledge score 
of non-members 

Difference in 
knowledge Rank 

Paddy Seed rate required in drum seeder paddy is less than 
normal paddy  

90 53 37 4 

Most suitable [green manure] reclamation crop for 
salon soils management is diarchal 

85 50 35 5 

Application of butachlo@1.25 like area for the 
management of grasses and scales in paddy 3to5 
days after transplantations 

88 61 27 9 

75kg urea require for one acre of paddy 90 64 26 10 
Trycyclozole 0.6kg water require for the 
management for paddy 

90 63 27 9 

Sugarcane 3.5 Tonus seed material require one ac of field 77 64 13 18 
100kg urea require for one ac of sugarcane 77 55 22 14 
Field release of tricograme@ 15,000 per hectare at 
30days after rationing and subsequently should be 
made at fortnightly interval for four times 

65 41 24 13 

The plant crop infested with mealy bug should not 
be retuned 

67 34 33 6 

Matribuzin@ ac in 450 liters of water with in 3days 
after returning in sugarcane 

68 35 33 6 

Groundnut, 
Sunflower, 
Sesame, 
Black gram 

Seed treatment with carbonizing for the 
management of color rat in groundnut 

76 24 52 1 

200kg 1ac Gypsum applied at flowering stage 50 23 27 9 
Sulphur containing fertilizer applied in sunflower is 
single superpaspate 

76 27 49 2 

Seed rate required for variedly 3-4 kg1ac 74 32 42 3 
Seed rate required for one ac is 2 64 39 25 5 
Seed treatment with MonoSol for the management 
of color rate 

69 58 11 19 

PU-31 is[yellow mosaic virus[ YMV] resistant 
verity in black gram 

60 57 3 21 

Spaying carbonizing for the management of 
powdery mildew in pulses  

60 65 -5 22 

Poultry Vanaraja birds yield more members of eggs than 
dais birds of poultry 

88 64 24 13 

Disease resistance and adoptability of Vanaraja 
birds is more than that of disbursed  

81 64 17 17 
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Crop Statement 
Knowledge 

score of 
members 

Knowledge score 
of non-members 

Difference in 
knowledge Rank 

Backyard poultry don’t requires intense farm of 
feeding in the farm of a balanced ration 

86 66 20 15 

Meat yield of Vanaraja birds greater than that of 
indigenous non-descript birds of poultry 

89 64 25 11 

Backyard Poultry is a source of income through the 
sale of eggs meat etc.. and is a Nutritional 
supplement at cheaper costs to the rural population 

90 71 19 16 

Dairy Dairy Milk yield of a buffalo is 3-4 liters while that 
of a HF cow is 5-7 liters 

90 80 10 20 

Azolla feeding supplements nitrogen, adequ8te 
proteins and other members like caparison etc… 

90 55 35 5 

Calf management especially during the 1st 2 months 
of age is necessary to decrease mortality rate and 
healthy living 

88 58 30 8 

Cows nature at the age of 1 ½ to 2 years; Buffaloes 
at 2 to 2 ½ years 

88 57 31 7 

HF breed (cross-breed) are better than non – 
descript local breads by the fact that they yield 
more milk during lactation period and high disease 
resistance power 

80 58 22 14 

 
Table 1: Knowledge level of Members & Non members of KVK on Paddy:    (N=150, n=100) 

Level of Knowledge Members of KVK Non Members of KVK 
 Frequency Percentage Frequency Percentage 
Correct 130 87.33 67 67 
Incorrect 15 10 22 22 
Don’t know 5 3 11 11 

Total 150 87.33% 100        67% 
 

Table 2: Knowledge level of members & Non members of KVK on Sugarcane:         (N= 150, n=100) 
Level of Knowledge Members of KVK Non Members of KVK 
 Frequency Percentage Frequency Percentage 
Correct 110 73.33 45 45 
Incorrect 32 21.33 35 35 
Don’t know 5 5.33 20 20 

Total  150 73.33 100    45% 
 
Table 3: Knowledge level of Members & Non members of KVK on Groundnut, Sunflower, and Sesame & Black gram:  
         (N=240, n=160) 

Level of Knowledge Members of KVK Non Members of KVK 
Frequency Percentage Frequency Percentage 

Correct 160 66.67 37 21.13 
Incorrect 55 22.91 39 24.38 

Don’t know 25 10.41 84 52.5 
Total 240 66.67% 160 21.13% 

 
Table 4: Knowledge level of Members & Non members of KVK on Poultry:   (N=150, n=100) 

Level of Knowledge Members of KVK Non Members of KVK 
 Frequency Percentage Frequency Percentage 

Correct 136 90.67 50 50 
Incorrect 12 8 35 35 
Don’t know 2 1.33 15 15 

Total 150 90.67% 100 50 
 
Table 5: Knowledge level of Members & Non members of KVK on Dairy:   (N=150, n=100) 
                                                              
Level of Knowledge 

Members of KVK Non Members of KVK 

 Frequency Percentage Frequency Percentage 
Correct 130 86.66 60 60 
Incorrect 16 10.66 30 30 
Don’t know 4 2.67 10 10 

Total 150 86.66% 100 60 
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Figure 1: Knowledge level in the cultivation 
practices of KVK trained farmers and Untrained 
farmers. 

Figure 2: Comparision in knowledge level in the 
sugarcane cultivation practices of KVK trained 
farmers and Untrained farmers. 

  
  
 
Figure 3: Knowledge level in the cultivation 
practices of KVK trained farmers and untrained 
farmers for the groundnut, sunflower, sesame and 
black gram crop. 

Figure 4: Information gap in polutry managemnt. 

 
Figure 5: Information or Knowledge gap for the members and non-members of KVK training in proper 
maintaining the dairy unit 
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RESULTS AND DISCUSSION 

Findings and Suggestions: 
Comparison in Paddy and sugarcane cultivation 
among the trained and untrained farmers: 
Paddy is the most important cereal in the 
Visakhapatnam district and known as traditional crop. 
Almost all of the farmers are much progressive in 
paddy cultivation, so they have captured the new 
technologies very easily. It was observed that farmers 
lacks in mechanized paddy cultivation. The 
comparative gap was not that much significant and 
which is around 20% between trained once and 
untrained farmers. Whereas, it was found 28% gap in 
case of the sugarcane cultivation. Since the both crop 
are the main and traditional once farmers having 
better knowledge in cultivation practices 
comparatively other crops.  
Knowledge level of members & non members of 
KVK on Groundnut, black gram, sesame, 
sunflower:  
It was observed that significant gap in knowledge 
level of the trained and an untrained farmers was 
observed in the cultivation of groundnut, black gram 
etc., since these crops were cultivated in less area and 
farmers are not much interested to take these non-
traditional crop. The highest gap of around 46% was 
determined in this case, which results to the more 
scope to the KVK scientist to conduct the more 
trainings and demonstration in these crops.  
Knowledge level of Members & Non members of 
KVK on Poultry Rearing and Dairy management:  

Poultry and dairy requires much starting investment 
and care at choosing the place. Though the people in 
the district are involved in theses sector since long 
ago, but they lacks in the proper management. One 
big reason for the dairy and poultry is that farmers are 
lacks in awareness of the government schemes. It was 
observed that 40% and 27% in gap of knowledge 
level among the two different groups i.e. trained and 
non-trained. 
    Conclusion:  
• It was found that the local farmers lacks in 

awareness of new technologies which were 
developed at research institute and can be useful 
for them. 

• Farmers having fairly good knowledge in the 
cultivation of paddy and sugarcane crop as well 
as in the proper dairy management since both 
paddy and sugarcane are traditional crops for the 
farmers.  

• Research indicates that there is fast need to 
conduct more and more demonstrations and 
trainings in the nontraditional crop like 
groundnut, black gram, sunflower in order to 
create more awareness of cultivation of these 
crops in rainfed areas of the district. 

• It was revealed that KVK building the confidence 
among the farmers to adopt new technologies at 
their field in order to alleviate the external 
required inputs such as seed, fertilizers and water 
through Agriculture Mechanization, Agronomy, 
Soil Science, Plant Protect and Animal 
Husbandry subjects. 
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ABSTRACT 

 An experiment was conducted on Bael fruits to study the physical properties and chemical 
composition along with to find out the suitable recipes for preparation of ideal Squash and storage 
stability of Squash prepared from suitable recipes. Physical and chemical properties revealed that  
average weight (g)-510.25,Juice content(%)-75.28,TSS(%)-38.42,Total tritable acidity(%)-
0.42,Ascorbic acid (mg/100g)-14.32 indicated the proper maturity stage of Bael for Nectar preparation. 
In these study different recipes of Bael Squash was standardized to explore the    processing potential 
of Bael, a minor fruit. There were five different possibilities of recipes. The Squash prepared from the 
recipes 25% pulp, 45% TSS and 1.00% Acidity gave highest organoleptic quality score, grater 
consumer acceptability’s and retain good nutritional qualities followed by Squash prepared from 28% 
pulp, 42% TSS and 1.10% Acidity and the quality of the prepared Squash was maintained up to fifth 
months at ambient temperature. 

Key words: Bael, beverage, squash, processing and storage stability. 

Bael (Aegle marmelos Correa) belongs to 
family Rutaceae is indigenous to India. The 
importance of Bael fruit lies in its curative properties. 
Bael is a deciduous and hardy tree grown wild all 
over India. The Bael fruit is a hard shelled berry and 
the pulp contains tunnels which are filled with 
mucilage. The fruit is very nutritive and contains fair 
amount of vitamin-A, vitamin-B, vitamin-C, minerals 
and high carbohydrates content. The fruit is very rich 
in Riboflavin (Vitamin B2). Bael fruit is not popular 
as a desert fruit due to its hard-shell, mucilaginous 
texture and numerous seed. It has good processing 
attributes such as excellent flavour, nutritive and 
therapeutic values. But the excellent nutritive and 
therapeutic value of fruits has great potentiality for 
processing in to various quality products. This can get 
position in national and international market. 

Keeping the above points in view this 
research problem was designed to find out a nutritious 
soft drink of consumer acceptability.  

MATERIALS AND METHODS 

Fruits free from bruises, cracks and white 
spot were harvested randomly from different plants of 
orchard. Five fruits replicated four times were used 
for assessing the physical characteristic (Table2). The 
flesh of five fruits (100g each) replicated three times 

was subjected to chemical analysis (Table-3).The 
pulp from Bael was extracted according to the flow 
diagram (fig.1) and Squash was prepared as per the 
flow diagram present in fig.2. 
       After that it was subjected to organoleptic 
evaluation, the results obtained were given in the 
table-4. Squash;[ prepared from ideal treatments was 
analyzed for chemical parameters initially and at an 
interval of one month up to sixth month of storage 
period and the results obtained was given in the table-
4. 
        The TSS was estimated by hand refractometer. 
The acidity was determined by method of simple acid 
base titration method using phenalphthalein as 
indicator. The ascorbic acid content in the samples 
were measured by reduction of 2,6 dichlorphenol 
indophenol dye as given by Ranganna (1986). The 
reducing and non-reducing and total sugars were 
estimated by Lane and Eynon (1923). Non-enzymatic 
browning was estimated by the method of Ranganna 
(1986). The organoleptic evaluation of RTS prepared 
under different treatment was carried out by a panel 
of six judges using hedonic rating scale given by 
(Amerine et. al., 1965). 
           The analysis of variance of the date was 
carried out by the technique as described by 
Raghuramula et.al. (1983). 

 

Fig.- 1: Flow sheet for extraction of Pulp from ripen Bael fruits 

Fresh and matured bael fruits à Cleaned it thoroughlyà Sliced with the help of slicerà The slices were kept in 
the cold water in such a manner that all slices were under the water (for half an hour) à The seed, mucilaginous 
matter and rind was removed from the slices using knife and forkà Slices were made into pieces and boiled with 
a little quantity of water for five minutesà The above material are put into a pulping machine (Addition of water 
in the ratio of 1:0.25) à Pulp was obtained in semi solid formà Pulp was filtered by strainerà Collected the 
clear pulp 
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Fig.- 2: Flow sheet for the preparation of squash from Bael 
Fruit pulpà Strainingà Mixing with syrup according to recipeà Straining & cooling ità Addition of 
preservative according to recipeà BottlingàCrown Corkingàlabeling & storage at ambient condition 

 
Table 1. Following five recipes each with three replications were tried 

Treatments Pulp (%) TSS (%) Acidity (%) 
T1 25 40 1.0 
T2 25 45 1.0 
T3 25 50 1.2 
T4 25 50 1.0 
T5 28 42 1.1 

Table 2. Physical Characters of Bael fruits. 
Characters Average Value 
Average weight (g) 510.25 
Volume (ml) 575 
Specific gravity (g/cc) 0.887 
Overall length (cm) 10.2 
Maximum width (cm) 8.3 
Juice content (%) 75.28 
Sphericity (%) 250 
Bulk density (kg/m3) 450 
True density (kg/m3) 852 
Moisture content (%) 64.22 
 

Table 3. Chemical composition of Bael fruits. 
Characters Average Value 

Total Soluble Solids (%) 38.42 
Total Titrable acidity (%) 0.42 
Ascorbic acid (mg/100g) 14.32 
Reducing Sugar (%) 4.82 
Total carbohydrates (g%) 12.84 

Table 4. Organoleptic quality of different recipes of Bael Squash. 
Recipe No Pulp (%) TSS (%) Acidity (%) Organoleptic quality 

Score Rating 
1 25 40 1.00 7.25 Liked moderately 
2 25 45 1.00 8.43 Liked verymuch 
3 25 50 1.20 7.21 Liked moderately 
4 25 50 1.00 6.71 Liked slightly 
5 28 42 1.10 7.62 Liked moderately 

C.D at 5% level    0.30  
S.E.M ±    0.10  

 
Table 5. Changes in chemical characters during storage of ideal recips of Bael Sqash. 

Character Storage period in months 
0 1 2 3 4 5 6 7 8 9 

TSS (%) 45.00 45.00 45.00 46.00 47.00 47.00 47.50 48.00 48.26 49.00 
Acidity (%) 1.00 1.00 1.00 1.01 1.04 1.06 1.08 1.09 1.12 1.14 

Ascorbic Acid (mg/100g) 15.40 15.28 15.19 15.00 15.00 14.75 14.70 14.35 14.12 14.00 
Browning  (O.P) 0.21 0.21 0.24 0.27 0.32 0.37 0.40 0.44 0.48 0.52 
Reducing Sugar (%) 33.12 33.25 33.45 33.70 34.05 34.30 34.50 39.42 39.47 39.56 

Total Carbohydrate (g%) 30.25 30.18 30.14 30.09 30.00 29.91 29.82 29.70 29.62 29.54 
Organolepticquality 8.43 8.32 8.18 8.00 7.69 7.56 7.49 7.42 7.28 7.12 

 
RESULT AND DISCUSSION 

    The data on organoleptic quality of various recipes 
of squash is presented in Table-4 indicated that the 
recipe containing 25 percent pulp, 45 percent TSS and 
1.0 percent acidity was found to be ideal followed by 
recipe containing 28 percent pulp, 42 percent TSS and 
1.1 percent acidity. There was significant difference 
in the organoleptic scores of these two recipes. The 

differences among the organoleptic scores of recipes 
1 and 3 were statistically insignificant. 

           Studies on changes during storage of Squash 
indicated that TSS increased slightly after three 
month of storage. It is due to the conversion of 
polysaccharides in to sugars. Similar observation was 
recorded by Khurdiya (1979) in phalsa beverages. 
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Total acidity of Squash did not change up to two 
months of storage, then gradually increases the 
acidity of fruit products. (Conn and Stumf, 1976), the 
present findings are also in agreement with the 
observation of several workers (Ashraf, 1987: Singh, 
2000). Results indicated that ascorbic acid content of 
the Squash beverage decreased continuously during 
the entire period of storage. The reduction may be due 
to oxidation of ascorbic acid in to dehydrate ascorbic 
acid by oxygen. Several authors (Roy and Singh, 
1979; Singh, 2000) have also reported losses of 
ascorbic acid in fruit beverages during ambient 
storage .In the present study browning of Squash 
increased continuously throughout the entire period of 
storage. It may be due to non-enzymatic reactions, 
which occurs between nitrogenous compounds with 

sugar or organic acids with sugars. Increase in 
browning was observed by several workers (Siddappa 
et.al., 1959). Reducing sugars increased continuously 
and total carbohydrate decreased continuously. The 
organoleptic scores of Squash decreased gradually 
during storage at room temperature. The acceptability 
of Squash was maintained up to nine months. Similar 
findings were observed in different beverages by 
several workers. 

           Thus it may be concluded that Squash prepared 
from the recipe containing 25% pulp, 45% TSS and 
1.00% acidity contain best eye peal, flavors, 
consistency, taste and nutritious as compared to the 
other recipes, and it may play an important role in 
food and nutritional security. 
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ABSTRACT 

A field experiment was conducted at IGKV, Raipur (C.G) during rabi 2010-11 and 2011-12, to 
evaluate the suitable irrigation schedule, weed management and nutrient management. The soil of 
experimental site was clay loam in texture, neutral in soil reaction. The climate of the region is sub 
humid with an average annual rainfall of 1200-1400 mm. Results revealed that minimum total weed 
density and total weed dry weight was found under drip irrigation (100 % of OPE) at all stages during 
both the years and on mean basis, yield attributes and total tuber yield of potato crop was significantly 
maximum under drip irrigation (125 % of OPE) as compared to furrow irrigation. The herbicide 
Metribuzin (500 g a.i. ha-1PE) proved better among other weed management practices recorded 
minimum total weed density and total weed dry weight was found at all stages and the maximum yield 
attributes and total tuber yield of potato crop. Application of 75% N inorganic fertilizer + 25 % N organic 
(Poultry manure) + PSB + Azotobactor was found non significant to weed control while produced 
significantly highest yield attributes and total tuber yield. 

 
Key words: Drip irrigation, integrated nutrient management, potato and weed management.  
 
Potato (Solanum tuberosum) is the most 

important food and vegetable cum starch supplying 
crop of the world. It is one of the most remunerative 
and profitable crop for the growers due to its higher 
yield potential within a limited time. Water is the vital 
source for crop production and is the most limiting 
factor in Indian agricultural scenario. Though India 
has the largest irrigation network, the irrigation 
efficiency has not been achieved more than 40 per 
cent. Due to water scarcity, the available water 
resources should be very effectively utilized through 
water saving irrigation technologies. Hence, further 
expansion of irrigation may depend upon the adoption 
of new systems such as pressurized irrigation 
methods with the limited water resources. Amongst 
those pressurized irrigation methods, drip irrigation 
has proved its superiority over other methods of 
irrigation due to the direct application of water and 
nutrients in the vicinity of root zone. There are 
several constraints in potato production, of which 
weeds often pose a serious problem. Weeds not only 
compete with crop plants for nutrients, soil moisture, 
space and sunlight but also serve as an alternative 
hosts for several insect pest and diseases. Hand 
weeding and hoeing are common practices followed 
in India. However, timely weed control may not be 
possible manually due to non-availability of labours 
and high rate of wages during peak period of farm 
operations. Hence, chemical weed control appears to 
hold a great promise in dealing with effective, timely 
and economic weed suppression. The overall strategy 

for increasing potato yields and sustaining them at a 
high level must include an integrated approach to the 
management of soil nutrients, along with other 
complementary measures. 

MATERIALS AND METHODS 

The field experiment was conducted at 
Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G) 
during rabi 2010-11 and 2011-12. The soil of 
experimental site was clay loam in texture, neutral in 
soil reaction, low in available N, and low in available 
P and high in available K status. The climate of the 
region is sub humid with an average annual rainfall of 
1200-1400 mm. The crop received 63.7 mm rainfall 
during crop period. The experiment was laid out in 
split–split plot design with three replications. The 
treatments consisted of three irrigation schedule i.e. 
drip irrigation (125 % of OPE), drip irrigation (100 % 
of OPE) and control (furrow irrigation) as a main plot 
and four weed management i.e. weedy check, hand 
weeding (at 25 and 45 DAP) metribuzin (500 g a.i. 
ha-1 PE) and chlorimuron + quizalofop (6 + 50 g a.i 
ha-1) at 20 DAP as sub plot and four integrated 
nutrient management i.e. 100 % RDF, 100 % RDF + 
Micro nutrient (Zinc sulphate 25 kg ha-1), 75 % N 
inorganic fertilizer + 25 % N poultry manure + PSB + 
Azatobactor and 50 % N inorganic fertilizer + 50 % N 
poultry manure + PSB + Azatobactor as sub sub plot. 
Kufri Chipsona- 2 variety was used for experiment, 
the spacing of crop is 60cm×20cm  
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Table 1: In the experimental field following weed species or weed flora were found  predominant 
Group Botanical Name Family Vernacular Name 

Broad leaf weeds Chenopodium album  Fabaceae  Bathua  
Convolvulus arvensis Convolvulaceae Hirankhuri 
Melilotus alba Fabaceae Safed senji  
Medicago denticulate Fabaceae Chinori 

Grasses  Cynodon dactylon  Poaceae  Doob  
 
Table 2: Effect of irrigation schedule, weed and integrated nutrient management on weed density (No.m-2) 
and weed dry weight (g m-2) in potato at 60 DAP    
Treatment  Weed density at 60 DAP (No. m-2) Weed dry weight at 60 DAP (g m-2) 

Total weed 
density 

Total weed 
density 

Mean weed 
density  

Total weed dry 
weight 

Total weed dry 
weight 

Mean weed dry 
weight 

 2010-11 2011-12 Mean 2010-11 2011-12 Mean 
Irrigation schedule 
I1 – 100% OPE 
      (Open Pan 
Evaporation) 
I2 – 125% OPE  
 
I3 – Control (Furrow 
irrigation) 
 
      SEm± 
      CD (P = 0.05) 

 
2.88 

(8.86) 
3.15 

(10.49) 
4.76 

(26.37) 
0.05 
0.19 

 
3.15 

(11.26) 
3.58 

(14.10) 
5.52 

(36.14) 
0.04 
0.15 

 
3.03 

(10.06) 
3.39 

(12.30) 
5.16 

(31.26) 
0.04 
0.14 

 
3.06 

(9.56) 
3.39 

(11.47) 
4.43 

(21.42) 
0.10 
0.37 

 
3.09 

(10.13) 
3.37 

(11.79) 
4.81 

(25.16) 
0.10 
0.40 

 
3.09 

(9.85) 
3.39 

(11.63) 
4.64 

(23.29) 
0.09 
0.33 

Weed management 
W0 – Weedy check 
 
W1 – Hand weeding at 25 
and  
         45 DAP 
W2 – Metribuzin (500g a.i 
ha-1. PE) 
 
W3 – Chlorimuron (CMS)  
     + Quizalofop (6+50g a.i 
ha-1) 
        at 20DAP 
       SEm± 
      CD (P = 0.05) 

 
5.60 

(33.78) 
2.88 

(8.05) 
2.09 

(4.06) 
3.82 

(14.62) 
 

0.05 
0.14 

 
6.55 

(46.48) 
3.40 

(12.25) 
2.09 

(4.36) 
4.28 

(18.92) 
 

0.11 
0.33 

 
6.10 

(40.13) 
3.16 

(10.37) 
2.11 

(4.21) 
4.07 

(16.77) 
 

0.07 
0.20 

 
5.03 

(26.48) 
3.07 

(9.33) 
2.63 

(6.70) 
3.78 

(14.10) 
 

0.07 
0.21 

 
5.32 

(29.55) 
3.19 

(10.31) 
2.45 

(6.24) 
4.07 

(16.67) 
 

0.10 
0.31 

 
5.18 

(28.01) 
3.14 

(9.82) 
2.57 

(6.46) 
3.93 

(15.39) 
 

0.07 
0.22 

Integrated nutrient 
management 
F1 – 100% RDF 
 
F2 - 100% RDF + Micro 
nutrient 
       (Zinc sulphate 25 kg 
ha-1) 
F3 – 75% N Inorganic 
fertilizer  
      + 25% N Poultry 
manure 
      + PSB + Azotobactor 
F4 – 50% N Inorganic 
fertilizer  
     + 50% N Poultry 
manure  
     + PSB + Azotobactor 
     SEm± 
     CD (P = 0.05) 

 
3.73 

(16.22) 
3.57 

(14.93) 
3.52 

(14.82) 
 

3.58 
(14.99) 

 
0.05 
NS 

 
4.22 

(21.41) 
4.09 

(20.25) 
3.96 

(20.08) 
 

4.05 
(20.26) 

 
0.09 
NS 

 
3.99 

(18.82) 
3.85 

(17.59) 
3.76 

(17.45) 
 

3.83 
(17.62) 

 
0.06 
NS 

 
3.73 

(14.78) 
3.64 

(14.19) 
3.55 

(13.81) 
 

3.59 
(13.82) 

 
0.06 
NS 

 
3.90 

(16.75) 
3.71 

(15.16) 
3.70 

(15.51) 
 

3.73 
(15.34) 

 
0.08 
NS 

 
3.83 

(15.77) 
3.68 

(14.67) 
3.65 

(14.66) 
 

3.67 
(14.58) 

 
0.06 
NS 

Note : The figures in parenthesis indicate the original values 
 

 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

 67

Table 3: Response of Leaf area index (LAI), Plant height and fresh weight of shoot plant-1  of potato crop 
on irrigation schedule, weed and integrated nutrient management at 60 DAP  
Treatment  LAI Plant height (cm) Fresh weight of shoot plant-1 (g) 
 2010-11 2011-12 Mean 2010-11 2011-12 Mean 2010-11 2011-12 Mean 
Irrigation schedule 
I1 – 100% OPE 
      (Open Pan Evaporation) 
I2 – 125% OPE  
I3 – Control (Furrow irrigation) 
      SEm± 
      CD (P = 0.05) 

 
5.46 

 
5.50 
3.65 
0.011 
0.043 

 
5.49 

 
5.54 
3.68 
0.008 
0.032 

 
5.47 

 
5.52 
3.66 

0.010 
0.037 

 
42.46 

 
42.56 
34.47 
0.18 
0.72 

 
45.50 

 
46.01 
37.21 
0.30 
1.20 

 
43.98 

 
44.29 
35.84 
0.24 
0.94 

 
170.98 

 
176.27 
131.12 

2.84 
11.11 

 
181.60 

 
190.68 
138.22 

2.46 
9.62 

 
176.29 

 
183.48 
134.67 

2.65 
10.34 

Weed management 
W0 – Weedy check 
W1 – Hand weeding at 25 and  
         45 DAP 
W2 – Metribuzin (500g a.i ha-1. PE) 
W3 – Chlorimuron (CMS)  
     + Quizalofop (6+50g a.i ha-1) 
        at 20DAP 
       SEm± 
      CD (P = 0.05) 

 
4.35 
5.02 

 
5.63 
4.47 

 
 

0.020 
0.058 

 
4.37 
5.06 

 
5.67 
4.50 

 
 

0.021 
0.061 

 
4.36 
5.04 

 
5.65 
4.49 

 
 

0.020 
0.060 

 
35.24 
41.51 

 
43.33 
39.24 

 
 

0.28 
0.85 

 
37.65 
44.65 

 
46.95 
42.39 

 
 

0.33 
1.00 

 
36.45 
43.08 

 
45.14 
40.81 

 
 

0.30 
0.89 

 
148.23 
161.30 

 
170.97 
157.33 

 
 

1.15 
3.44 

 
158.91 
173.77 

 
181.80 
166.19 

 
 

1.13 
3.38 

 
153.57 
167.54 

 
176.38 
161.76 

 
 

1.10 
3.27 

Integrated nutrient management 
F1 – 100% RDF 
F2 - 100% RDF + Micro nutrient 
       (Zinc sulphate 25 kg ha-1) 
F3 – 75% N Inorganic fertilizer  
      + 25% N Poultry manure 
      + PSB + Azotobactor 
F4 – 50% N Inorganic fertilizer  
     + 50% N Poultry manure  
     + PSB + Azotobactor 
     SEm± 
     CD (P = 0.05) 

 
4.58 
4.87 

 
5.13 

 
 

4.89 
 
 

0.025 
0.070 

 
4.61 
4.90 

 
5.16 

 
 

4.93 
 
 

0.025 
0.069 

 
4.59 
4.88 

 
5.14 

 
 

4.91 
 
 

0.025 
0.069 

 
35.40 
38.49 
 
43.95 
 
 
41.48 
 
 
0.21 
0.61 
 

 
38.55 
41.64 
 
46.99 
 
 
44.47 
 
 
0.24 
0.70 

 
36.97 
40.06 
 
45.47 
 
 
42.97 
 
 
0.22 
0.62 

 
151.21 
154.11 
 
170.61 
 
 
161.89 
 
 
0.96 
2.70 

 
160.77 
164.00 
 
173.00 
 
 
167.00 
 
 
1.26 
3.55 

 
156.26 
159.50 
 
176.46 
 
 
167.04 
 
 
1.04 
2.94 

 
Table 4: Response of number of stolons, number of tubers and tuber yield of potato crop on irrigation 
schedule, weed and integrated nutrient management.  

Treatment  Number of stolons plant-1 Number of tubers plant-1 Tuber yield (t ha-1) 
 2010-11 2011-12 Mean 2010-11 2011-12 Mean 2010-11 2011-12 Mean 
Irrigation schedule 
I1 – 100% OPE 
      (Open Pan Evaporation) 
I2 – 125% OPE  
I3 – Control (Furrow irrigation) 
      SEm± 
      CD (P = 0.05) 

 
26.47 

 
26.98 
24.37 
0.13 
0.53 

 
29.38 

 
29.72 
26.39 
0.36 
1.41 

 
27.91 

 
28.35 
25.37 
0.17 
0.66 

 
12.43 

 
13.00 
9.15 
0.23 
0.90 

 
15.63 

 
16.13 
11.56 
0.18 
0.72 

 
14.03 

 
14.57 
10.35 
0.20 
0.78 

 
30.16 

 
31.02 
20.74 
0.23 
0.91 

 
31.24 

 
32.01 
21.68 
0.24 
0.93 

 
30.59 

 
31.49 
21.21 
0.23 
0.92 

Weed management 
W0 – Weedy check 
W1 – Hand weeding at 25 and  
         45 DAP 
W2 – Metribuzin (500g a.i ha-1. PE) 
W3 – Chlorimuron (CMS)  
     + Quizalofop (6+50g a.i ha-1) 
        at 20DAP 
       SEm± 
      CD (P = 0.05) 

 
24.44 
26.35 

 
26.86 
26.11 

 
 

0.13 
0.39 

 
26.19 
28.88 

 
30.83 
28.10 

 
 

0.24 
0.74 

 
25.30 
27.59 

 
28.85 
27.10 

 
 

0.16 
0.49 

 
10.14 
12.30 

 
12.95 
10.71 

 
 

0.12 
0.37 

 
12.90 
15.04 

 
16.28 
13.54 

 
 

0.14 
0.43 

 
11.52 
13.67 

 
14.62 
12.13 

 
 

0.13 
0.39 

 
24.81 
28.57 

 
29.51 
26.33 

 
 

0.19 
0.57 

 
25.68 
29.48 

 
30.60 
27.47 

 
 

0.20 
0.59 

 
25.25 
28.96 

 
29.99 
26.87 

 
 

0.20 
0.59 

Integrated nutrient management 
F1 – 100% RDF 
F2 - 100% RDF + Micro nutrient 
       (Zinc sulphate 25 kg ha-1) 
F3 – 75% N Inorganic fertilizer  
      + 25% N Poultry manure 
      + PSB + Azotobactor 
F4 – 50% N Inorganic fertilizer  
     + 50% N Poultry manure  
     + PSB + Azotobactor 
     SEm± 
     CD (P = 0.05) 

 
24.82 
25.51 

 
27.70 

 
 

25.73 
 
 

0.16 
0.45 

 
27.17 
28.11 

 
30.52 

 
 

28.19 
 
 

0.24 
0.69 

 
25.97 
26.81 

 
29.11 

 
 

26.95 
 
 

0.17 
0.49 

 
10.50 
10.87 

 
13.55 

 
 

11.18 
 
 

0.18 
0.52 

 
13.49 
13.82 

 
16.54 

 
 

13.91 
 
 

0.17 
0.49 

 
12.00 
12.35 

 
15.05 

 
 

12.55 
 
 

0.17 
0.48 

 
24.85 
26.61 

 
30.45 

 
 

27.31 
 
 

0.273 
0.769 

 
25.82 
27.63 

 
31.58 

 
 

28.23 
 
 

0.26 
0.75 

 
25.30 
27.08 

 
30.96 

 
 

27.73 
 
 

0.26 
0.73 
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RESULTS AND DISCUSSION 

Effect on Weed parameters 
Weed species 

 The field was dominated with broad 
leaf weeds; the major weed species existed in the 
experimental area was Chenopodium album, 
Convolvulus arvensis, Melilotus alba, Medicago 
denticulata, Cynodon dactylon, and others etc (Table 
4.17a). Out of five weed species, Chenopodium 
album, Convolvulus arvensis, Melilotus alba, 
Medicago denticulata among the broad leaf weeds 
and Cynodon dactylon among grasses were 
predominant.    
 
Weed density and weed dry weight 

The total weed density was significantly 
higher under furrow irrigation at all stages during 
both the years and on mean basis as compared to 
others. However, minimum total weed density was 
found under drip irrigation (100 % of OPE) at all 
stages during both the years and on mean basis. 
(Table 2) 

Significantly lowest weed density and weed 
dry weight m-2 were found with the application of 
Metribuzin (500 g a.i. ha-1PE) followed by two hand 
weeding at 25 and 45 DAP compared to weedy check. 
The maximum weed population and weed biomass 
was found under weedy check condition which 
adversely affected the growth and yield of potato 
crop. Integrated nutrient management was found non 
significant during both the yeas as well as in mean 
data (Table 2). Similar findings were also reported by 
Jan et al. (2004), Singh et al. (2002) and Roder et al. 
(2009). 
Effect on crop growth 

All the treatments significantly affect the 
plant growth. The LAI, plant height and fresh weight 
of shoots plant-1 were significantly higher under drip 

irrigation (125 % of open pan evaporation) than 
control (furrow irrigation) but was at par with drip 
irrigation (100 % of open pan evaporation) during 
both the years and on mean basis. Among weed 
management practices, the crop growth were 
significantly higher under application of Metribuzin 
(500 g a.i. ha-1PE) than weedy check and rest of the 
treatments. Among nutrient management practices, 
75% N inorganic fertilizer + 25 % N organic (Poultry 
manure) + PSB + Azotobactor found superior   than 
other nutrient management practices during both the 
years and on mean basis. Similar findings was also 
reported by El Saidi et al. (2010) 
Yield attributes and yield 

Irrigation schedule positively influenced the 
yield attributes and yield. The number of stolons 
plant-1, number of tubers plant-1and tuber yield were 
significantly higher under drip irrigation (125 % of 
open pan evaporation) than control (furrow irrigation) 
but was at par with drip irrigation (100 % of open pan 
evaporation) during both the years and on mean basis. 
The higher yield attributing characters and yield was 
noticed in the above treatment which might be due to 
availability of water in sufficient quantity. Among 
weed management practices, the number of stolons 
plant-1, number of tubers plant-1and tuber yield were 
significantly higher under Metribuzin (500 g a.i. ha-

1PE) than weedy check and rest of the treatments. 
Significantly higher  yield attributing characters i.e. 
number of stolons, tubers and tuber yield was found 
under treatment 75% N inorganic fertilizer + 25 % N 
organic (Poultry manure) + PSB + Azotobactor   than 
other nutrient management practices during both the 
years and on mean basis. These findings are in 
agreement with those reported earlier by Arora et al. 
(2009), Bakeer et al. (2009) and Baishya et al. (2010) 
(Table-4). 
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ABSTRACT 

There is a concern that use of inorganic nitrogen fertilizers alone cannot sustain high levels of 
productivity and restoration of soil health and environment. The use of farmyard manure (FYM), 
vermin-compost (VC) and microbial inoculants (Azospirillum) to improve plant nutrition may address 
these issues. Nitrogen management through vermicompost or farmyard manure and microbial 
inoculants in combination with inorganic fertilizers on growth, yield and soil health needs better 
understanding. In this regard, a field experiment at SKUAST-K, Shalimar, with twenty four treatment 
combinations with inorganic fertilizers, organic manures and microbial inoculants (Azospirillum) was 
carried out for two consecutive years during 2010 and 2011. The experiment was carried out in split 
split plot design with three levels of organic manures (farmyard manure @ 10 t ha-1, vermicompost @ 5 
t ha-1 and control), and two levels of biofertilizers (un-inoculated, inoculated with Azospirillum) as sub 
plot treatments and four levels of nitrogen (0, 100, 150, 200 kg ha-1) as main plot treatments. The 
results revealed that the quality parameters viz., Crude protein, Vitamin A, Vitamin C, Reducing sugars, 
TSS and Chlorophyll significantly increased with the application of nitrogen levels. Inoculation of 
Azospirillum showed significant results over control. 

Key words: Brassica oleracea var. capitata, FYM, Vermicompost, Urea and Azospirillum.  

Cabbage (Brassica oleracea var. capitata) 
belongs to family cruciferae is one of the most 
important vegetable crop. It is consumed throughout 
the India by every class of people as fresh leafy 
vegetable or raw as salad. Cabbage is famous for its 
nutritional values, medicinal effects and other 
therapeutic properties. 100 g edible portion of 
cabbage contains 1.8 g protein, 0.1 g fat, 4.6 g 
carbohydrate, 0.6 g mineral, 29 mg calcium, 0.8 mg 
iron and 14.1 mg sodium (Singh and Naik, 1988). 
Dieticians regarded it as a whole some tonic for 
maintaining health. Besides being an excellent source 
of vitamin A and C it also prevents the formation or 
development of cancer cells. In India it is grown over 
an area of 265.4 thousand hectares with an annual 
production of 5884.8 mt (Anonymous, 2008). In 
Jammu and Kashmir it is grown over an area of 1964 
hectare with the production of 39280 tonnes 
(Anonymous, 2005). Adequate application of 
nitrogenous fertilizers promotes vigorous vegetative 
growth and dark green colour of cabbage. Nitrogen is 
important in the formation of chlorophyll and is also a 
component of proteins. Lack of nitrogen causes slow, 
spindly growth and pale foliage resulting in limited 
production (Hadfield, 1995). Organic manures have 
potential to provide primary, secondary and micro-
nutrients besides building a strong organic matter 
base resulting in improvement of soil structure and 

sustainable vegetable production devoid of most of 
the harmful residues (Singh et al., 2000). Organic 
manures are eco-friendly and maintain soil health 
without polluting soil and underground water. 
Application of organic manures is a suitable approach 
for maintenance of soil health, quality and thereby 
increasing the production. Biofertilizers are also of 
great significance in organic farming. They mobilize 
nutrients from non usable form to usable form 
through biological processes and are able to save 25 
per cent of chemical nitrogen and phosphorous 
(Chattoo et al., 2003). Use of microorganisms that fix 
atmospheric nitrogen and secrete phytohormones to 
increase organic matter in soil also seems to allow for 
increase in availability of other nutrients (Pareek et 
al., 1996). There is increasing concern about use of 
synthetic chemical fertilizers, which may be 
responsible for deterioration of the soil condition and 
quality of crop as well. Indiscriminate use of synthetic 
and organic fertilizers alone may not be able to 
sustain vegetable production (Singh et al., 1998). 
Recommending use of chemical fertilizers alone in 
degraded soil will likely be counter-productive, as it 
results in the deficiency of or toxicity by, calcium, 
magnesium and sulphur or micronutrients and lowers 
soil pH (Takkar, 2006). Integration of organic 
manures and synthetic fertilizers has the advantage of 
restoring soil fertility and sustaining productivity 
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(Bhandari et al., 1992) as these substances can 
maintain a high level of soil productivity (Prasad et 
al., 1995). Vermicompost is a type of organic manure 
for use in integrated nutrient management practices 
(Shroff and Devasthali, 1992).   

Now, a concept of integrated nutrient supply 
involving use of organic manures and inorganic 
fertilizers has been developed to obtain sustained 
agricultural production (Gaikwad and Puranik, 1996). 
Integrated nutrient management (INM) involves the 
use of manures, biofertilizers and chemical fertilizers 
to achieve sustained crop production and maintain 
better soil health. There is a need to maintain 
sustainability in production and productivity of 
vegetables. However, systematic studies related to 
integrated nitrogen management options with respect 
to cabbage production in the region are lacking. 
Keeping this in view the present investigation was 
undertaken to study the response of integrated 
nitrogen management on quality of cabbage.  

MATERIAL AND METHODS 

The experiment was carried out in split split plot 
design with three levels of organic manures (FYM @ 
10 t ha-1, VC @ 5 t ha-1 and control), and two levels 
of biofertilizers (un-inoculated, inoculated with 
Azospirillum) as sub plot treatments and four levels of 
nitrogen (0, 100, 150, 200 kg ha-1) as main plot 
treatments. The treatments were allocated randomly 
in three replications.  

Farmyard manure and Vermicompost application: 
Farmyard manure (0.49% N, 0.27% P, 0.43% K) at 
the rate of 10 t ha-1 and vermicompost (0.85% N, 
0.40%  P, 0.51% K) at the rate of 5 t ha-1 were 
incorporated treatment-wise in the soil 15 days before 
transplanting.  
Fertilizer application: The corresponding doses of 
fertilizers were applied as per the treatment schedule 
and mixed thoroughly in the soil. 50 per cent of N, 
full dose of P and K was applied as basal dose and 
remaining 50 per cent of N was applied in two split 
doses at an interval of 15 days through urea, DAP 
(Diammonium phosphate) and MOP (Muriat of 
potash) , respectively as per treatments.  
Quality parameters: Protein content of the cabbage 
head from each treatment was worked out by 
estimating the percentage of N in fresh green weight 
of wrapper leaves by Kjeldahl method – Tandon 
(1993). The per cent N was multiplied by factor 6.25, 
to estimate the protein content. Vitamin C estimated 
following the method of (AOAC, 1975). Vitamin A 
was estimated as per the method described in 
Rangana, 1986. Reducing sugars were estimated as 
per the method given by Lane and Eynon, 1928. Total 
soluble solids was determined with the help of hand 
refractometer and presented as degree Brix. The total 
chlorophyll was calculated by using the following 
formulae: 

Total 
chlorophyll 
(mg/100 g) 

= 20.2 (A645) + 
8.02(A663) x 

V 
x 100 

1000 x W 
Where, 

A = Absorbance at specific wave length; V = Volume of 
chlorophyll extract in 80% acetone and W = Fresh weight 
of tissue extracted 

 

Table 1. Effect of integrated nitrogen management on crude protein content in cabbage.  

Organic 
(t ha-1) Biofertilizer 

Crude protein (%) Inorganic (kg N ha-1)  
 

I0(0 kg N) I1(100 kg N) I2(150 kg N) I3(200 kg N) 
Mean (Pooled) 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 

No manure 
(o0) 

No inoculation (B0) 2.69 2.81 2.75 2.94 3.06 3.00 3.18 3.19 3.19 3.19 3.31 3.25 3.05 
Inoculation (B1) 

(Azospirillum) 2.76 2.82 2.79 3.03 3.09 3.06 3.23 3.26 3.25 3.28 3.32 3.30 3.10 

Mean 2.73 2.82 2.77 2.99 3.08 3.03 3.21 3.23 3.22 3.24 3.32 3.28  

FYM (10 t ha-1) (o1) 
No inoculation (B0) 2.77 2.83 2.80 3.04 3.08 3.06 3.23 3.25 3.24 3.30 3.31 3.31 3.10 

Inoculation (B1) 
(Azospirillum) 2.81 2.84 2.83 3.11 3.12 3.12 3.29 3.31 3.30 3.29 3.35 3.32 3.14 

Mean 2.79 2.84 2.81 3.08 3.10 3.09 3.26 3.28 3.27 3.30 3.33 3.31  

VC (5 t ha-1) (o2) 
No inoculation (B0) 2.86 2.88 2.87 3.01 3.13 3.07 3.29 3.31 3.30 3.33 3.37 3.35 3.15 

Inoculation (B1) 
(Azospirillum) 2.88 2.89 2.89 3.25 3.26 3.26 3.31 3.34 3.33 3.39 3.44 3.42 3.22 

Mean 2.87 2.89 2.88 3.13 3.20 3.16 3.30 3.33 3.31 3.36 3.41 3.38  
VC = Vermicompost,  FYM = Farmyard manure, C.D (P = 0.05)  Organic x Inoculation  =  0.002,  Inorganic = 0.089 Inorganic x Organic = 0.002 
Organic  =      0.002 Inorganic x Inoculation  =     0.001 
Inoculation =      0.001 Inorganic x Organic x Inoculation  =     0.002 
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Table 2. Effect of integrated nitrogen management on Vitamin A content in cabbage.  

Organic 
(t ha-1) Biofertilizer 

Vitamin A (mg 100g-1) Inorganic (kg N ha-1)  
 

 (0 kg N)  (100 kg N)  (150 kg N)  (200 kg N) Mean 
(Pooled) 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 

No manure(o0) 
No inoculation  28.34 32.38 30.36 32.38 34.42 33.40 36.44 38.46 37.45 37.40 41.44 39.42 35.16 
Inoculation  

(Azospirillum) 30.4 32.42 31.41 33.37 35.40 34.39 37.45 41.49 39.47 39.33 43.37 41.35 36.66 

Mean 29.37 32.4 30.89 32.88 34.91 33.90 36.95 39.98 38.46 38.37 42.41 40.39  

FYM (10 t ha-1) 
(o1) 

No inoculation  37.4 41.42 39.41 52.94 54.98 53.96 53.89 55.93 54.91 54.12 56.14 55.13 48.79 
Inoculation  

(Azospirillum) 38.42 42.44 40.43 52.87 56.91 54.89 53.50 56.52 55.01 54.28 58.32 56.30 49.31 

Mean 37.91 41.93 39.92 52.91 55.95 54.43 53.70 56.23 54.96 54.20 57.23 37.91  

VC (5 t ha-1) (o2) 
No inoculation  41.4 44.42 42.91 54.86 56.90 55.88 54.80 58.82 56.81 56.28 58.32 57.30 50.26 
Inoculation  

(Azospirillum) 43.37 45.41 44.39 55.70 57.74 56.72 55.10 59.16 57.13 56.20 60.24 58.22 50.79 

Mean 42.39 44.92 43.65 55.28 57.32 56.30 54.95 58.99 56.97 56.24 59.28 57.76  

FYM = Farmyard manure; VC = Vermicompost, C.D (P = 0.05)   Organic x Inoculation = 2.609, Inorganic = 3.488 Inorganic x Organic = 6.042 
Organic  =     1.845    Inorganic x Inoculation =    N.S. 
Inoculation =     1.506   Inorganic x Organic x Inoculation  =   N.S. 
 
Table 3. Effect of integrated nitrogen management on Vitamin C content in cabbage.  

Organic 
(t ha-1) 

Biofertilizer 

Vitamin C (mg 100g-1) 
 

Mean 
 (Pooled) 

Inorganic (kg N ha-1) 

 (0 kg N)  (100 kg N)  (150 kg N)  (200 kg N) 

2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 

No manure(o0) 
No inoculation  84.350 86.370 85.360 103.240 107.260 105.250 122.295 128.305 125.300 131.350 139.450 135.40 112.83 
Inoculation  

(Azospirillum) 
92.400 94.500 93.450 117.845 121.855 119.850 130.350 136.390 133.370 138.300 146.400 142.35 122.26 

Mean 88.375 90.435 89.405 110.543 114.558 112.550 126.323 132.348 129.335 134.825 142.925 138.875  

FYM (10 t ha-1) 
(o1) 

No inoculation  101.140 103.160 102.150 119.345 123.355 121.350 132.445 138.455 135.450 139.320 147.440 143.38 125.58 

Inoculation  
(Azospirillum) 

114.745 116.755 115.750 136.845 140.855 138.850 139.725 145.735 142.730 144.750 152.830 148.79 136.53 

Mean 107.943 109.958 108.950 128.095 132.105 130.100 136.085 142.095 139.090 142.035 150.135 146.085  

VC (5 t ha-1) 
(o2) 

No inoculation  115.370 117.390 116.380 141.450 145.470 143.460 143.775 149.785 146.780 147.700 155.720 151.71 139.58 
Inoculation  

(Azospirillum) 
124.140 126.160 125.150 145.375 149.385 147.380 148.725 156.735 152.730 151.750 159.830 155.79 145.26 

Mean 119.755 121.775 120.765 143.413 147.428 145.420 146.250 153.260 149.755 149.725 157.775 153.750  

FYM = Farmyard manure; VC = Vermicompost, C.D (P = 0.05) Organic x Inoculation  = 1.923, Inorganic = 10.576 Inorganic x Organic  = N.S. 
Organic = 1.360 Inorganic x Inoculation = N.S., Inoculation  = 1.110 Inorganic x Organic x Inoculation = 1.354 
 

Table 4. Effect of integrated nitrogen management on Reducing Sugars in cabbage.  

Organic 
(t ha-1) Biofertilizer 

Reducing Sugars (mg 100 g-1) Inorganic (kg N ha-1)  
Mean 

(Pooled) 
(0 kg N) (100 kg N) (150 kg N) (200 kg N) 

2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 

No 
manure(o0) 

No inoculation 1.705 1.715 1.710 1.826 1.834 1.830 1.837 1.843 1.840 1.828 1.832 1.830 1.80 
Inoculation  

(Azospirillum) 
1.828 1.832 1.830 1.839 1.841 1.840 1.847 1.853 1.850 1.848 1.852 1.850 1.84 

Mean 1.767 1.774 1.770 1.833 1.838 1.835 1.842 1.848 1.845 1.838 1.842 1.840  

FYM (10 t ha-1) 
(o1) 

No inoculation  1.905 1.915 1.910 1.926 1.934 1.930 1.927 1.933 1.930 1.955 1.959 1.957 1.93 

Inoculation 
(Azospirillum) 

1.969 1.971 1.970 1.981 1.985 1.983 2.000 2.000 2.000 2.006 2.014 2.010 1.99 

Mean 1.937 1.943 1.940 1.954 1.960 1.957 1.964 1.967 1.965 1.981 1.987 1.984  

VC (5 t ha-1) 
(o2) 

No inoculation  2.068 2.072 2.070 2.079 2.081 2.080 2.099 2.101 2.100 2.105 2.115 2.110 2.09 
Inoculation  

(Azospirillum) 
2.148 2.152 2.150 2.159 2.161 2.160 2.168 2.172 2.170 2.179 2.181 2.180 2.17 

Mean 2.108 2.112 2.110 2.119 2.121 2.120 2.134 2.137 2.135 2.142 2.148 2.145  

FYM = Farmyard manure; VC = Vermicompost, Organic x Inoculation =   0.034, Inorganic =  N.S. Inorganic x Organic =     N.S. 
Organic =  0.024  Inorganic x Inoculation =     N.S. Inoculation  =  0.020 Inorganic x Organic x Inoculation =     N.S. 
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Table 5. Effect of integrated nitrogen management on Total soluble solids in cabbage.  

Organic 
(t ha-1) Biofertilizer 

Total soluble solids (oBrix) 
Mean 
(Pooled) 

Inorganic (kg N ha-1) 

(0 kg N) (100 kg N) (150 kg N) (200 kg N) 

2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled 

No manure(o0) 

No inoculation  4.366 4.374 4.370 4.364 4.376 4.370 4.385 4.95 4.390 4.705 4.715 4.710 4.46 

Inoculation  
(Azospirillum) 4.695 4.705 4.700 4.836 4.844 4.840 4.894 4.900 4.897 4.919 4.927 4.923 4.84 

Mean 4.531 4.540 4.535 4.600 4.610 4.605 4.640 4.925 4.644 4.812 4.821 4.817  

FYM (10 t ha-1) (o1) 
No inoculation  4.965 4.975 4.970 5.018 5.022 5.020 5.117 5.123 5.120 5.168 5.172 5.170 5.07 

Inoculation  
(Azospirillum) 

5.265 5.275 5.270 5.367 5.373 5.370 5.495 5.505 5.500 5.576 5.584 5.580 5.43 

Mean 5.115 5.125 5.120 5.193 5.198 5.195 5.306 5.314 5.310 5.372 5.378 5.375  

VC (5 t ha-1) (o2) 
No inoculation  5.695 5.705 5.700 5.766 5.774 5.770 5.837 5.843 5.840 5.968 5.972 5.970 5.82 

Inoculation  
(Azospirillum) 6.115 6.125 6.120 6.167 6.173 6.170 6.326 6.334 6.330 6.358 6.362 6.360 6.25 

Mean 5.905 5.915 5.910 5.967 5.974 5.970 6.082 6.089 6.085 6.163 6.167 6.165  
FYM = Farmyard manure; VC = Vermicompost C.D (P = 0.05)  Organic x Inoculation =   0.013 Inorganic =   0.222 Inorganic x Organic = 0.020 
Organic = 0.019 Inorganic x Inoculation =     0.017, Inoculation  = 0.018 Inorganic x Organic x Inoculation =     0.029 
 
Table 6. Effect of integrated nitrogen management on Total Chlorophyll content in cabbage.  

Organic 
(t ha-1) 

Biofertilizer 

Total Chlorophyll (mg g-1) 
 
 

Inorganic (kg N ha-1)  
(0 kg N) (100 kg N) (150 kg N) (200 kg N) Mean  

(Pooled) 2010   2011   Pooled  2010  2011  Pooled  2010  2011  Pooled  2010  2011  Pooled 

No manure(o0) 
No inoculation  0.11 0.13 0.12 0.13 0.15 0.14 0.14 0.16 0.15 0.15 0.17 0.16 0.14 

Inoculation  
(Azospirillum) 0.12 0.14 0.13 0.12 0.17 0.15 0.15 0.19 0.17 0.16 0.20 0.18 0.16 

Mean 0.12 0.14 0.13 0.13 0.16 0.15 0.15 0.18 0.16 0.16 0.19 0.17  

FYM (10 t ha-1) 
(o1) 

No inoculation  0.13 0.17 0.15 0.22 0.24 0.23 0.19 0.23 0.21 0.20 0.24 0.22 0.20 

Inoculation  
(Azospirillum) 0.14 0.18 0.16 0.23 0.25 0.24 0.21 0.23 0.22 0.22 0.24 0.23 0.21 

Mean 0.14 0.18 0.16 0.22 0.25 0.23 0.20 0.23 0.22 0.21 0.24 0.23  

VC (5 t ha-1) 
(o2) 

No inoculation 0.20 0.26 0.23 0.22 0.26 0.24 0.24 0.26 0.25 0.25 0.27 0.26 0.25 

Inoculation  
(Azospirillum) 0.21 0.27 0.24 0.24 0.26 0.25 0.25 0.27 0.26 0.26 0.28 0.27 0.26 

Mean 0.21 0.27 0.24 0.23 0.26 0.25 0.25 0.27 0.26 0.26 0.28 0.27  

FYM = Farmyard manure; VC = Vermicompost, Organic x Inoculation  =      0.002, Inorganic = 0.041 Inorganic x Organic  =    0.002 
Organic =      0.011  Inorganic x Inoculation =    0.002, Inoculation  = 0.012 Inorganic x Organic x Inoculation   =    0.003 
 

RESULTS AND DISCUSSION 

Crude protein: Table 1 indicated significant 
variation due to various treatments in respect of 
protein content of cabbage.  Application of inorganic 
fertilizer exhibited a significant increase in the crude 
protein content of cabbage by increasing the levels of 
nitrogen.  Maximum protein content of 3.25 percent 
was observed in treatment (200 kg N ha-1) when data 
was pooled over seasons. Among the organics, 
treatment (VC 5t ha-1) recorded a protein content of 
2.87 per cent when pooled over seasons and was 
found significantly superior to (FYM 10 t ha-1).  
Inoculation of Azospirillum recorded a protein content 
of 2.79 per cent when pooled over seasons and 
showed superior results over control.  
Integration of organics with inorganic nitrogen and 
Azospirillum proved superior over sole application of 

organics as well as chemical fertilizers. Among all the 
treatments under study, treatment (VC 5t ha-1 + 200 
kg N ha-1 + Azospirillum) recorded a protein content 
of 3.42 per cent (pooled over seasons), which was 
found significantly superior to all other treatments.  

Vitamin A content (mg 100 g-1 of fresh weight): 
Table 2 revealed significant variation due to various 
treatments in respect of vitamin A content of fresh 
cabbage.  Application of inorganic fertilizer exhibited 
an increase in the Vitamin A content by increasing the 
levels of nitrogen over sole application of organics 
and Azospirillum and maximum Vitamin A content of 
39.42 mg100g-1 was observed in treatment (200 kg N 
ha-1)  (pooled over seasons).  
Among sole application of organics (VC 5t ha-1) 
recorded a vitamin A content of 42.91 mg100g-1 
(pooled over seasons) and was found significantly 
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superior to (FYM 10t ha-1) and (Control). Sole 
application of Azospirillum also proved significantly 
superior over control. 
Integration of organic with inorganic nitrogen and 
Azospirillum proved superior over sole application of 
organic and inorganic fertilizer as well as of sole 
application of biofertilizers. Among all the treatments 
under study, treatment (VC 5t ha-1 + 200 kg + 
Azospirillum) recorded a vitamin A content of 58.22 
mg100 g-1 (pooled) and was found significantly 
superior to all other treatments and except (VC t + 
100 kg + Azospirillum) and (VC 5 t ha-1 + 150 kg N 
ha-1+ Azospirillum) which exhibits at par results. 

Vitamin C content mg 100 g-1 of fresh weight: 
Table 3 revealed significant variation due to various 
treatments in respect of vitamin C content of fresh 
cabbage. Application of inorganic fertilizer exhibited 
an increase in the Vitamin C content by increasing the 
levels of nitrogen over sole application of organics 
and Azospirillum and maximum Vitamin C content of 
135.40 mg 100 g-1 was observed in treatment (200 kg 
N ha -1) (pooled over seasons). 
Among sole application of organics (VC 5 t ha-1) 
recorded a vitamin C content of 116.38 mg 100 g-1 
(pooled over seasons) and was found significantly 
superior to (FYM 10 t ha-1).  
Sole application of Azospirillum also proved 
significantly superior over control and recorded a 
vitamin C content of 93.45 mg 100 g-1 (pooled over 
seasons). 
Integration of organic with inorganic and 
biofertilizers proved superior over sole application of 
organics, inorganic fertilizer and biofertilizers. 
Among all the treatments under study, treatment (VC 
5 t ha-1 + 200 kg + Azospirillum) recorded a vitamin 
C content of 155.79 mg 100 g-1 (pooled over seasons) 
which was significantly superior to (Control) and all 
other treatments except (VC 5 t + 100 kg N + 
Azospirillum) and (VC 5 t + 100 kg N + Azospirillum) 
which exhibit at par results. 

Reducing sugars (mg 100 g-1): Table 4 revealed 
significant variation due to various treatments in 
respect of reducing sugars in cabbage. Application of 
inorganic fertilizer shows a linear increase in the 
reducing sugar content of cabbage by increasing the 
levels of nitrogen but did not reach up to the level of 
significance.  
Among sole application of organics treatment (VC 5 
t) registered a reducing sugar content of 2.070 mg 
(pooled data) and was found significantly superior 
over (FYM 10 t), (Control), (100kg N), (150 kg N) 
and (200 kg N). Sole application of biofertilizer also 
revealed significant superior results over control.  
Integration of organic with inorganic N and 
biofertilizers proved superior over sole application of 
organics, inorganic N fertilizer as well as over sole 
application of biofertilizers. Among all the treatments 
under study, treatment (VC 5 t ha-1 + 200 kg + 
Azospirillum) recorded a reducing sugar content of 
2.180 mg 100 g-1 (pooled data) which was found 

superior to (Control) with a reducing sugar content of 
1.705 mg 100 g-1, (FYM 10 t ha-1), (VC 5 t ha-1), but 
was at par with (VC t + 150 kg N + Azospirillum), 
(VC 5 t + 100 kg N + Azospirillum). Pooled analysis 
also revealed that  (VC 5 t ha-1 + 200 kg + 
Azospirillum) recorded significantly maximum 
reducing sugar content of 2.180 mg as compared to 
all other treatments except (VC 5 t ha-1 + 100 kg + 
Azospirillum)and (VC 5 t ha-1 + 150 kg + 
Azospirillum) which exhibits at par results. 

Total soluble solids (oBrix):  The effect of 
various treatments on TSS content presented in table-
5 depicted significant variation due to various 
treatments in respect of reducing total soluble solids 
(oBrix) in cabbage.  
Application of inorganic fertilizer exhibited an 
increase in the TSS content by increasing the levels of 
nitrogen over sole application of organics and 
Azospirillum and maximum TSS content of 4.710 
oBrix was observed in treatment (200 kg N ha-1) when 
pooled over seasons. 
Among sole application of organics treatment (VC 5 t 
ha-1) registered a TSS content of 5.700 (oBrix) 
(pooled data) and was found significantly superior 
over (FYM 10 t ha-1). 
Sole application of biofertilizers shows significantly 
superior results over control and recorded a TSS 
content of 4.700 oBrix (pooled over seasons). 
Among 24 treatments under study integration of 
organics with inorganic N and biofertilizers proved 
superior over sole application of organics, inorganic 
N and biofertilizers. Treatment (VC 5 t ha-1 + 200 kg 
+ Azospirillum) recorded a TSS content of 6.360 
(oBrix) (pooled data) was found superior to all other 
treatments and was found at par with (VC 5 t ha-1 + 
150 kg + Azospirillum) Pooled analysis revealed that 
(VC 5 t ha-1 + 200 kg + Azospirillum) recorded 
significantly maximum TSS of 3.36 oBrix as 
compared to all other treatments but was at par with 
(VC 5 t ha-1 + 150 kg + Azospirillum). 

Chlorophyll content (mg/g): Table 6 revealed 
significant variation due to various treatments in 
respect of chlorophyll content in fresh cabbage. 
Integration of organics with inorganic N and 
biofertilizers proved superior over sole application of 
organics, inorganic N as well as over sole application 
of biofertilizers. 
Application of inorganic fertilizer exhibited an 
increase in the chlorophyll content of cabbage by 
increasing the levels of nitrogen over sole application 
of organics and Azospirillum and maximum 
chlorophyll content of 0.16 mg g-1 was observed in 
treatment (200 kg N ha-1) when pooled over seasons. 
Among sole application of organics treatment (VC 5 t 
ha-1) registered a chlorophyll content 0.23 mg g-1 
(pooled bais) and was found significantly superior 
(FYM 10 t ha-1) and control with a minimum 
chlorophyll content of 0.12 mg g-1. Sole application 
of biofertilizers also revealed superior results over 
control. 
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Among all the treatments under study, treatment (VC 
5t ha-1 + 200 kg + Azospirillum) recorded a 
chlorophyll content of 0.27 mg g-1 (pooled basis) was 
found superior to all the treatments except (VC 5t ha-

1+ 100 kg N ha-1 + Azospirillum) and (VC 5 t ha-1+ 
150 kg N ha-1 + Azospirillum) which exhibit at par 
with results . Pooled analysis revealed that (VC 5 t ha-

1 + 200 kg + Azospirillum) recorded significantly 
maximum chlorophyll content of 0.27 mg g-1 as 
compared to all the treatments but was at par with  
(VC 5 t ha-1+ 100 kg N ha-1 + Azospirillum)and (VC 5 
t ha-1+ 150 kg N ha-1 + Azospirillum). 
Improvement in quality parameters of cabbage due to 
integration of organic, inorganic and biofertilizers 
could be attributed to better and balanced nutrition 
and production of growth promoting substances by 

organics which might have led to better quality like 
enhanced protein, vitamin C, total soluble solids, 
reducing sugars, vitamin A and chlorophyll content. 
Improvement of quality of cabbage can be attributed 
to improvement in soil physical, chemical and 
biological properties which might have led to better 
root proliferation, improved nutrient uptake and better 
accumulation of photosynthesis while as in case of 
chemical fertilizers the lower values of these quality 
parameters in comparison to integrations could be 
attributed to the fact that these provide either single or 
sometimes two essential nutrients but not other 
nutrients. The superiority of vermicompost can be 
attributed to their nutritional richness, as well as to 
their stimulatory behaviour. These findings are in 
accordance with the findings of Dass et al.,2008). 
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ABSTRACT 

In XIth five year plan of India; water is given prime importance in all the developmental sectors. 
So, its conservation is given topmost importance. In addition to conservation, the management of 
conserved water is a matter of concern in order to overcome the fascinating problems on water 
scarcity. A structure was constructed along with all system components to collect rooftop rainwater 
through a net work of pipelines and its efficacy was monitored in meeting the portable and non-portable 
water demands for a projected roof surface area of 624 m2 at Soil and Water Conservation Engineering 
(SWCE) workshop building of Tamil Nadu Agricultural University (TNAU), Coimbatore. Weekly water 
balance reveals that 37th to 48th week got a surplus supply of rainwater after meeting all demands. It 
has been found that per annum a sizable amount i.e. 294.4 m3 of rain water can be harnessed from its 
rooftop during rain, which indicates a good potential for harvesting rooftop rainwater.  The designed 
structure is found to work well to meet the portable water demand of the SWCE workshop complex.  

Key words: Demand, portable and non-portable water, rooftop rainwater harvesting structure, 
supply and Water balance. 

Water balances are essential for making 
crucial decisions on issues like water conservation, 
management, etc., Hydrologically, rain is the main 
source of water and if harvested, the scarcity of water 
can be eliminated (Sharma et al., 2004). Annual 
rooftop harvesting potential for a similar roof 
catchment is about 2 m3 in a tropical country like 
Malaysia and about 10 m3 in Zambia, Africa due to 
high incidence of rainfall (Yaziz et al., 1989). A 
computation made to determine the volumes of 
rainwater harvested and consumption shows that 
rainwater is adequate to meet the requirement for 
landscaping, (Thomas and Greene, 1993). In urban 
areas, rainwater available from rooftop of buildings, 
paved and unpaved areas generally goes waste. This 
water can be stored in tank and can be used directly or 
indirectly by diverting it in order to recharge the 
aquifers. Rooftop rainwater harvesting for household 
purpose represent a small part of the total rain water 
balance (Ray, 2001). Rainwater has been the main 
source of water supply for potable and non-potable 
usages in old days. Usage of the collected water 
volume from rainwater harvesting was direct and was 
without any treatment. Usually, the rainwater was 
mostly collected from roofs and some was collected 
directly (Thamer et al., 2007). In Sandakan, Malaysia 
water rationing system (around twice a week) by 
State Water Board has made people aware of the 
rainwater harvesting. It satisfied their non-potable 
water demands (Sandakan Municipal Council, 2008). 
The per capita availability of water at the national 
level is reduced from about 5,177 m3 in the year 1951 
to the present level of 1,869 m3 (Dwivedi, 2009). 
Jasrotia et al. (2009) showed in their water balance 

calculation that the maximum annual runoff results 
from the built-up areas or from the water body 
followed by water collected from agricultural land, 
dense forest and minimum for the barren land and 
open forest.  Ray et al. (2009) proposed an economic 
designed rooftop rainwater harvesting structure, 
costing about `. 14, 000 with a life expectancy of 25 
years, is capable of storing water of worth `. 3, 840 per 
annum equivalent to the amount of transported by 
lorry. This could meet the water demand during non 
rainy seasons for subsequent usage towards 
supplemental irrigation, drinking water and laboratory 
needs.  

METHODS AND MATERIAL 

Study area 
A field study was taken up in the western side of 

Soil and Water Conservation Engineering (SWCE) 
Workshop Building of Tamil Nadu Agricultural 
University (TNAU), Coimbatore. The TNAU 
Campus is located at latitude of 11° N and longitude 
of 77° E and an altitude of 426.72 m (MSL). 
Coimbatore has a subtropical, semi-arid climate with 
hot summer. The mean annual rainfall is 674 mm. 
The mean maximum and minimum temperature 
ranges between 29.2°C to 35.2°C and 17.9°C to 
23.8°C respectively. The mean relative humidity 
ranges between 40.6 to 61% (25 years mean). The 
SWCE workshop building has a structural framework 
in the form of northlight shell roof type, with an 
inclination of 30° with the horizontal. There are six 
rainwater gutters, which are provided at both the sides 
east and west at downstream end of shell roof. The 
gutter is in the form of trapezoidal shape sloping 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

76 
 

towards both the directions (i.e.) east and west 
direction (Table-1). Sectional plan of the rooftop 
rainwater harvesting system component layout is 
illustrated in Fig-1. 

SWCE workshop complex is supposed to 
accommodate at least 60 persons per day including 
students attending practical classes, teachers handling 
the classes; technical and non technical staffs (five 
working days in a week). Volumetric water balance 
analysis for SWCE workshop complex was made on 
standard week basis. The weekly demands and supply 
were recorded during the study period. The demands 
were computed under  four broad heads; water demand 
like portable viz. drinking water need, and non-portable, 
viz., washing; toilet needs; water requirement for the 
Theme Park and hydraulic laboratory water needs. The 
supply constitutes runoff collected from the rooftop 
surface of SWCE workshop building using established 
system components and micro-catchment layout area of 
Theme Park. Balancing was done using the following 
mathematical relation (Eq-1). 

∑∑
==

=
52

1

52

1 i
i

ti
i ds      

     … (1) 
where  i- standard week [1 ≤  i  ≤ 52] 
s- Supply, L and  
d- Demand, L 

Matching Supply and Demand 
Historical record of rainfall data over a period 

of 25 years (1976 - 2000) was analysed on standard 
week basis. Rainfall harvested from the rooftop rain 
water harvesting system components and the micro-
catchment area of Theme Park was assumed as the 
source of water supply under this present investigation. 
Average weekly rainfall distribution is presented in Fig- 
2. The volume of rainwater collected from rooftop was 
calculated of assuming 30% losses (Reported from 
Meteorological Department, TNAU, Coimbatore).  

Physical observations were carried out to 
assess the approximate quantity needs for drinking 
water, washing and toilet. The average numbers of 

persons working per day in the workshop premises 
were observed. Volumetric demands were ascertained 
by using difference in the water levels of the storage 
tanks used to supply water in the laboratory on standard 
week basis. By physical observation the drinking 
water demand was arrived at as 5 L day-1 person-1 or 
300 L day-1 or 1500 L week-1 (Gleick and IWRA, 
1996).   The laboratory equipments pertaining to 
surveying, soil mechanics and water management 
practicals, need to be washed after the classes.  The 
washing needs also cover for floor washing, hand 
washing etc. and has been physically observed to be 
around 50 L day-1 or 250 L week-1. As the persons 
moving around the laboratory complex during 
practical hours need to use the toilets and bathrooms, 
at least 3000 L of water need to be stored in an 
overhead tank per a single week. The SWCE 
workshop complex maintains a Theme Park (area 
40.0 m2) depicting the theme on micro-catchment 
rainwater harvesting techniques. Evaporative water 
demands for Theme Park, was computed through 
weekly pan evaporative data collected from the 
Meteorological Department of TNAU campus. 
Perennial trees (Acacia) are planted inside the theme 
park with a planting geometry of 2 m x 2m. The total 
depth of evaporative water requirement was arrived at 
by using the following relation (Eq-2). The total 
volume of evaporative water demand per standard 
week was calculated by multiplying the Theme Park 
area with the depth of evaporative water requirement. 
The weekly evaporation from the Theme Park area 
was found to range from 25 mm to 60 mm.  
Accordingly the weekly water demand has been 
worked out for the Theme Park.   

cpp KKEWR ××=   .. (2) 
where  
WR - depth of evaporative water requirement, cm 
Ep   - pan evaporation  
Kp  - pan coefficient  
Kc  - crop coefficient  

 
Table-1 Properties of the SWCE workshop building roof catchment 

Size 
(m2) 

Roof material Material of gutter and 
down spurt 

Roofing age Inclination Location 

624 Asbestos Asbestos & stoneware 30 years 300 TNAU campus 
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Fig-2 Standard week distribution of rainfall at the 

experimental site 
Fig-3 Demand and Supply estimation of the SWCE 

workshop building on standard week basis 

 
 

 
 

RESULTS AND DISCUSSION 

After the installation of rooftop rainwater 
harvesting system components at the site, the physical 
observations were recorded during the experimental 
tenure. This geographic region receives rainfall 
throughout the year except during January to March 
(scanty to nil sometimes). Basing on monsoon receipt 
one year is divided into three different seasons for 
convenient viz. pre-monsoon, south-west monsoon 
and north-east monsoon. Rainfall received during the 
pre-monsoon, northeast and southwest monsoon is 
19%, 29% and 52% respectively for the study area 
(Ray, 2001). A sizable amount of 82.1 m3 is excess after 
meeting all the portable and non-portable water 
demands of the SWCE workshop. Standard week 
analysis shows upto 15th week there is a cumulative 
deficit of 57.2 m3, from 16th to 36th week there is an 
excess supply of 6.7 m3, from 37th to 48th week there is 
surplus amount of 115.2 m3 and for 49th to 52nd week 
there is small deficit of 2.2 m3. Hence, there are only 19 
water deficit weeks and 33 water surplus weeks. In this 
typical case study there is a sizable harvest of 62.5 m3 at 
the end of the year which usually goes as waste to the 
drainage network previously. Out of a net rooftop 
rainwater harvest of 294.4 m3, meeting all the SWCE 
workshop demands 62.5 m3 can be harvested. 

The cumulative weekly demands at the 
workshop is little less than 5000 L, so along with the 
rooftop rainwater harvesting system components a 
storage sump of capacity 5.0 m3 was installed at the site, 
constituting a component of the rooftop rainwater 
harvesting structure. The SWCE workshop building 
also has three different water storage structures, two 
indoor non permeable structures of capacity 26.0 m3 
and 24.0 m3 (hydraulic sumps inside the workshop) and 
one outdoor permeable harvesting structure of 4.8 m3 
(inside theme park). 
        Pre-monsoon period extending from February 
through May, the total water demand excluding that of 
the hydraulics laboratory sumps and the Theme Park 
water storage sump, works out to be 80,750 L.  This 

demand needs to be met from the excess rain harvested 
during the South West and North East monsoons using 
the rooftop water harvesting system. 
          Normally 29% of total rainfall is received during 
the South West monsoon extending from June through 
September.  The harvestable rainwater potential 
accounts for 2.8 x 105 L from the rooftop water 
harvesting system.  The total demand for water towards 
drinking, washing, toilets and Theme Park water 
requirements amount to be 3.2 × 105 L. Over and above 
this requirement, the harvestable rainwater amounts to 
be 80,000 L considering proposed total roof area of 
SWCE workshop complex from the rooftop.  The first 
priority of filling is given to the Theme Park water 
storage sump, where storage capacity is 4800 L.  The 
remaining volume of harvestable water, i.e., 75,200 L 
in excess of the collection tank storage can be diverted 
to fill, a part of hydraulics laboratory storage sumps.  

In Tamil Nadu region a lion's share is taken 
by North East monsoon towards the supply of 
rainwater.  In the study area 52% of rainwater is 
available during this season extending from October 
through January. The harvestable rainwater amounts to 
be 1.6 x 105 L. The total demand for drinking washing, 
toilet and Theme Park evaporative water requirements 
amount to be 1.11 × 105 L.  The storage sump of the 
Theme Park need not be filled up as it is filled up 
during South West monsoon. Hence the excess volume 
98,000 L of rainwater can be fully diverted to fill the 
hydraulics laboratory sumps considering the proposed 
roof area of SWCE Workshop Complex.  The storage 
capacity of these sumps amounts to be 50,000 L. 
Excess of this capacity can be diverted to the Pond, 
available as a water harvesting structure at southern 
end of SWCE workshop premises.  This pond, if lined 
with plastic sheets, can be used as a farm pond for 
supplemental irrigation of trees. Otherwise the pond 
can serve the purpose of recharging ground water table 
in the vicinity of SWCE workshop complex. Two 
hydraulic laboratory sumps of capacity 26,000 and 
24,000 L are proposed to fill during the North East 
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monsoon when the rainfall is intensive.  The excess 
rooftop rainwater is diverted towards the micro-
catchment sump during South West monsoon.  It 
helps in irrigating the trees in the micro-catchment 
basin by a drip irrigation layout during the lean 
period. It is proposed to fill the tank during intensive 
rains by filtered water collected from the rooftop. 
Normally the tank is cleaned twice a year and re-filled 
thereafter. The cumulative weekly water demand and 
supply have been plotted to find out the supply, and 
demand gap. The water demands for hydraulics lab 
could not be distributed week wise due to its one time 
collection during the rains only. The stagnated water 
in the Hydraulic lab sumps can be diverted towards 
the pond at southern side of Workshop Complex to 
recharge the ground water.  The stored water can be 
used for supplemental irrigation to the Theme Park by 
lining the pond with polythene sheet and that can be 
used for pisciculture also. Considerable quantity of 
rainwater i.e. around two times can be stored to meet 
the demands by installing the similar system at 
eastern side or Workshop Complex. 

CONCLUSION 

Demand on water supply witness a 
substantial increase due to development, population 
increase, and global weather change. Adopting the 
concept of sustainability, water conservation can help 
to cope with the present global water shortage. 
Rainwater harvesting system is one of the concepts 
that can be implemented to meet the above global 
water crisis. Rainwater has a lot of potential as an 
alternative water resource for the future because of its 
high quality nature. Promotion of rainwater 
harvesting technique for housing and for landscaping 
can help to reduce the demand on public water 
supply.  
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ABSTRACT 

The present study was carried out with objectives to prepare whey based mango mint beverage 
(WBMMB) with the incorporation of Mentha arvensis extract (0% to 3%). A control and 3 experimental 
samples were prepared. The amount of mango pulp and sugar were fixed in all samples i.e. 10 g and 8 
g respectively per 100 ml of WBMMB. Whey quantity was varied from 79 to 82 ml per 100 ml of 
WBMMB depending upon the concentration of Mentha arvensis. Each treatment was replicated 5 
times. All the samples were chemically analyzed using AOAC (1990) procedures. Percentage acidity, 
pH, Brix, Percentage Protein, Ash content and Carbohydrates increased with the increase of the 
Mentha arvensis extract. The sensory evaluation was carried out using 9 point Hedonic scale. 
Organoleptic scores increased irregularly from 0% to 2% amount of Mentha Arvensis and decreased 
as concentration of Mentha Arvensis reached from 2% to 3%. Microbiological analysis was done using 
Food Microbiology Protocol Book. SPC were found to be permissible as per PFA, 1956. No coliform 
was found in the WBMMB. Cost of the beverage ranged from 8.68 to 14.62 Rupees per liter. Hence, 
the product was very well acceptable. Thus, Whey based beverage prepared from mango pulp in 
combination with edible extract of herbal medicinal plants like Mentha arvensis will not have only 
excellent nutritional properties but will also possess therapeutic, antibacterial and organoleptic 
properties.  

Key words: Mango, mentha arvensis, whey, whey based beverage.  

Whey is a by-product obtained during 
coagulation of milk by using acid and/or rennet for 
the preparation of Cheese, Paneer, Chhana, Chakka 
and/or Casein. Whey is the very important yellow-
green, watery liquid that separates from the milk curd 
during the cheese making process (Smithers et al., 
1996), and contains nearly half of all solids found in 
the whole milk (Chandan et al., 1982). In the past, 
whey was seen as a waste product. Cheese processors 
disposed whey in the drain until strict environmental 
regulations that made this process of dumping the 
whey into drains illegal as well as costly. Other whey 
disposal mechanisms include discharge of whey into 
local waterways, into the ocean, into the field or as 
component in animal feed (Smithers et al., 1996). It 
contains medicinal properties and it has good 
nutritional values. Utilization of this, “By-Product 
cum Waste”, in beverage controls the pollution as 
well as adds value to the various products. Whey soup 
increases the appetite. It also helps in diarrhoea and 
liver problems. 
Mango (Mangifera Indica L.) is one of the favoured 
fruits in the tropical and subtropical regions. It has an 
excellent flavour, attractive fragrance, delicious taste 
and high nutritional value that have made it one of the 
best fruits (Pal, 1998). Mango is cultivated for 
commercial fruits production, as a garden tree and as 
a shade tree stock. It has an excellent flavour, 
attractive fragrance, delicious taste and high 
nutritional value that have made it one of the best 
fruits. Nutritionally, Mango is rich source of Vitamin 
A and C. It contains on an average 54 µg of Vitamin 

A and 36.4 mg Vitamin C per 100 g of edible portion. 
Due to its appealing taste and flavour, Mango is the 
major ingredient used in the Mango juice based 
drinks and it provides 60 kcal per 100 g.  
Medicinal plants have always been of great interest of 
humankind. The search for timeless fitness and long 
lasting health led to the use of many plants, animal 
products, etc. and the development of a varieties of 
medicinal agents. Today, there is a new attention in 
traditional remedy and a growing demand for more 
drugs from plant sources. This interest in plant-
derived drugs is mainly because of the present well-
known belief that “Green Medicine” is safer than the 
synthetic drugs, many of which have adverse side 
effects. Moreover, these “Human Friendly” medicines 
are cheaper compared to the costly synthetic drugs. 
Menthol mint/corn mint/Japanese mint (Mentha 
arvensis L.) is cultivated in tropical and subtropical 
climates. Mint is widely used in Europe, China, 
Arabia, and the Indian subcontinent as relieve 
digestive herb. Thus it is used in the various 
traditional and folk medicines. It has antifungal and 
antibacterial activity. The leaves are useful in the 
treatment of bronchitis, diabetes, diarrhoea, fevers, 
hypertension, jaundice, nausea, pain, respiratory, and 
urinary tract infections. 
 Beverage prepared from mango pulp and 
whey in combination with edible herbal medicinal 
plant extract of Mentha arvensis will not have only 
excellent nutritional properties but will also possess 
therapeutic, prophylactic, antibacterial and curative 
value. It is used to treat sour throat, gastric problems 
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related to gastrointestinal tract. It also act as a good 
appetizer, acceptable to consumer and at the same 
time make the product more palatable. In view of 
above facts the present study (Whey based mango 
mint beverage) has been undertaken. 

MATERIAL AND METHOD 
The present study was conducted at Food Processing 
Laboratory (LAB 1), Department of Food Process 
Engineering, Vaugh school of Agricultural 
Engineering and Technology, Sam Higginbottom 
Institute of Agriculture, Technology and Sciences, 
Allahabad in the year 2013. All the raw materials viz. 
Paneer whey, sugar, mango, mentha arvensis etc were 
collected from local market as per need. 
Preparation of Paneer Whey 
 Paneer whey was obtained by heating milk at 
below boiling temperature (85oC) (according to De S. 
1991) Outlines of Dairy Technology. Oxford 
University Press, New Delhi) and adding citric acid 
slowly by constant stirring. After few minutes milk 
curdles leaving behind whey. Then it was strained by 
muslin cloth. 

Preparation of Mango Pulp 
 Mangoes were washed and peeled. The pulp 
was obtained by grinding the mangoes in an electric 
grinder. 
Preparation of Mentha Arvensis Extract 
 Mentha extract was prepared from fresh 
leaves. First, the leaves were washed. Then, they were 
grinded in an electric grinder and then crushed in the 
mortar with the help of pestle and then filtered using 
muslin cloth. 
Preparation of WBMM Beverage 
Whey based mango mint (WBMM) beverage was 
prepared by addition of mentha arvensis extract in 
varying amount. For preparation of 100 ml of 
beverage, whey amount varying from 79 to 82 ml was 
added with 10 ml of mango pulp, 8 g sugar and 0 to 
3% of mentha arvensis extract (Table 1). The whey, 
mango pulp and sugar were mixed in the given 
amount, preheated to 450C before mixing mentha 
arvensis extract (Fig. 1). The beverages obtained were 
filtered and filled into pre-sterilized glass bottles (200 
ml) and sealed. 

 

Table 1. Treatment combinations for preparing the Whey based mango mint beverage 
Treatment Whey(ml) Sugar (g) Mango pulp (g) Mentha Arvensis Extract (ml) 

T0 (Control) 82 8 10 - 
T1 81 8 10 1 

T2 80 8 10 2 

T3 79 8 10 3 

        T0 is control beveage 
Whey 

 

Mango Pulp               Heating (45oc)           Sugar 

 

Mentha Arvensis extract          Mixing  Citric Acid (0.1%) 
 

Filtration through muslin cloth 
 

Herbal Beverage 

Bottling and crown crocking 
 

Pasteurization (Boiling Water for 30 Minutes) 
 

Cooling and refrigerated storage 

Fig. 1 Flow chart for preparation of WBMM beverage 
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Physico-chemical Analysis 
The WBMM beverages were analyzed for their 
different physic-chemical properties. Total acidity 
was calculated by titrating beverages against 0.1 
NaOH according to AOAC (1995) method. The pH 
was measured by Hanna Instruments, Italy hand held 
pH meter (0.0 – 14.0). The TSS was measured by 
using Erma, Tokyo hand held refractrometer (0 – 32 
brix). Protein was estimated by Pyne’s method which 
is also known as formal titration method (1933). Ash 
content in percentage of ash was determined 
according to Ranganna, 1986 method by using Perfit 
India Muffle furnace (0 – 12000C). Lane and Eynon 
Volumetric method (AOAC, 1990) was used to 
determine the carbohydrates.  
Sensory analysis 
The organoleptic evaluation of control and 
experimental beverages were carried out by using a 9 
point Hedonic Scale. The 5 judges for sensory 
analysis were from the Department of Food Process 
Engineering. Sensory parameters such as color, taste, 
aroma, flavor, texture, appearance, overall 

acceptability were analyzed on the basis of average 
score on hedonic chart. 
Microbiological Analysis 
Microbiological analysis i.e. Standard Plate Count 
and Coliform Count was performed was done 
according to Food Microbiology Protocol edited by 
Spencer, J. F. T. and De Spencer, A. L. R. by 
procedure mentioned in the protocol. 
Statistical Analysis 
ANOVA (Analysis of variance) was used to analyze 
the variables and their effect on the WBMM 
beverage. Two way ANOVA (Introduction to 
biostatics (A textbook for biochemistry) by Dr. 
Pranab Kumar Banerjee pp. 346-370) without 
replication was used in this study. MS Excel was used 
to prepare ANOVA tables and further if variation is 
significant, critical difference (C.D.) was calculated. 
Cost estimation 
Cost of WBMM beverage was estimated simply by 
knowing the price of the ingredients and calculated 
the money required getting that amount of the 
respective ingredient and then the total cost of each 
experimental sample and control was calculated. 

RESULT AND DISCUSION 

Table 2 shows the results obtained from the various analyses and the different parameters of control and 
experimental beverage 

Parameters Treatments 
T0 T1 T2 T3 C.D. Value 

1. Physio-chemical Analysis  
Acidity (%) 0.72 0.74 0.92 0.91 0.0972 
pH 5.58 5.8 6.02 6.14 0.07957 
TSS (Brix) 15.12 15.26 15.68 16.02 0.1429 
Protein (%) 0.672 0.706 0.764 0.796 0.0707 
Ash (%) 0.466 0.502 0.582 0.632 0.0309 
Carbohydrates (%) 15.58 18.49 19.68 21.09 0.5885 

2. Organoleptic Analysis (9 point hedonic scale) 
Colour 7.8 7.4 7.2 6.4 0.6033 
Taste 7.6 7.2 7.8 7 0.7443 
Aroma 7.6 7.4 7.4 7.8 0.7117 
Flavour 7.6 7.4 7.4 7.8 0.7117 
Texture 7.8 7.8 7.8 7.8 0.6891 
Appearance 7.8 7.4 7.2 6.4 0.6033 
Overall acceptability 7.8 7.396 7.13 6.73 0.3927 

3. Microbiological Analysis 
SPC (cfu-3/g) 12.4 10.8 11.2 10.4 1.7019 
Coliform Test (cfu-1/g)  NIL NIL NIL NIL - 

4. Cost (Rs. Per kg) 
Beverage 8.68 10.66 12.64 14.62 - 
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Physico-chemical characteristics of WBMM 
beverage 
Percentage acidity of prepared WBMM beverage 
samples of T0, T1, T2 and T3 was measured as 0.536, 
0.544, 0.574 and 0.604 % respectively (Table 2). 
From ANOVA, it was determined that there was no 
significant effect of mentha arvensis on percentage 
acidity of WBMM beverage. The percentage acidity 
was higher than that of whey based banana beverage 
prepared by Yadav et. al., 2010 and it was increasing 
as the amount of mentha arvensis was increased as 
recorded by Yadav et. al., 2010. This similar result 
was in accordance with the whey based pineapple 
bottle guard mixed herbal beverage prepared by 
Baljeet et. al., 2013 and whey based watermelon 
beverage prepared by Naik et.al., 2009. 
pH of prepared WBMM beverage samples of T0, T1, 
T2 and T3 was measured as 5.58, 5.8, 6.02 and 6.14 
respectively (Table 2). From ANOVA, it was 
determined that there was no significant effect of 
mentha arvensis on pH of WBMM beverage. These 
values of pH were higher than that recorded by 
Yadav et. al., 2010 for Whey based banana herbal 
beverage and by Naik et. al., 2009 in whey based 
watermelon beverage. The pH was increased (table 
4.2.a) and it was in accordance with the pH recorded 
by Yadav et. al., 2010 and Naik et. al., 2009. 
TSS of prepared WBMM beverage samples of T0, T1, 
T2 and T3 was measured as 15.12, 15.26, 15.68 and 
16.02 respectively (Table 2). From ANOVA, it was 
determined that there was significant effect of mentha 
arvensis on TSS of WBMM beverage. These values 
of TSS were found to be smaller than that recorded by 
Naik et. al., 2009 for whey based watermelon 
beverage. The increase in the values of TSS was in 
accordance with the values of TSS recorded by Naik 
et. al., 2009. 
% protein of prepared WBMM beverage samples of 
T0, T1, T2 and T3 was measured as 0.672, 0.706, 0.764 
and 0.796 respectively (Table 2). From ANOVA, it 
was determined that there was significant effect of 
mentha arvensis on % protein of WBMM beverage. 
These values were higher than that recorded by 
Kumari and Kumari, 2009 for whey-guava 
beverage. The increase in the values was in 
accordance with the results of Kumari and Kumari, 
2009. 
Per cent ash of prepared WBMM beverage samples of 
T0, T1, T2 and T3 was measured as 0.466, 0.502, 0.582 
and 0.632 respectively (Table 2). From ANOVA, it 
was determined that there was significant effect of 
mentha arvensis on % ash of WBMM beverage. 
These values were higher than that recorded by 
Kumari and Kumari, 2009 for whey-guava 
beverage. The increase in the values was in 
accordance with the results of Kumari and Kumari, 
2009 carbohydrates of prepared WBMM beverage 
samples of T0, T1, T2 and T3 was measured as 15.58, 
18.49, 19.68 and 21.09 respectively (Table 2). From 

ANOVA, it was determined that there was significant 
effect of mentha arvensis on % carbohydrates of 
WBMM beverage. These values of TSS were found 
to be smaller than that recorded by Naik et. al., 2009 
for whey based watermelon beverage. The increase in 
the values of TSS was in accordance with the values 
of TSS recorded by Naik et. al., 2009. 

Sensory Characteristics 
Color of prepared WBMM beverage samples of T0, 
T1, T2 and T3 was measured as 7.8, 7.4, 7.2 and 6.4 
respectively (Table 2). From ANOVA, it was 
determined that there was significant effect of mentha 
arvensis on color of WBMM beverage. The values 
were in accordance with the values of colour for whey 
based banana beverage recorded by Yadav et. al., 
2010. 
Taste of prepared WBMM beverage samples of T0, 
T1, T2 and T3 was measured as 7.6, 7.2, 7.8 and 7.0 
respectively (Table 2). From ANOVA, it was 
determined that there was no significant effect of 
mentha arvensis on taste of WBMM beverage. The 
values mentioned were in accordance with the values 
recorded by Yadav et. al., 2010 for whey based 
banana herbal beverage. 
Aroma of prepared WBMM beverage samples of T0, 
T1, T2 and T3 was measured as 7.6, 7.4, 7.4 and 7.8 
respectively (Table 2). From ANOVA, it was 
determined that there was no significant effect of 
mentha arvensis on aroma of WBMM beverage. The 
values mentioned were in accordance with the values 
recorded by Yadav et. al., 2010 for whey based 
banana herbal beverage. 
Flavour of prepared WBMM beverage samples of T0, 
T1, T2 and T3 was measured as 7.6, 7.4, 7.4 and 7.8 
respectively (Table 2). From ANOVA, it was 
determined that there was no significant effect of 
mentha arvensis on flavour of WBMM beverage. The 
values mentioned were in accordance with the values 
recorded by Yadav et. al., 2010 for whey based 
banana herbal beverage. 
Texture of prepared WBMM beverage samples of T0, 
T1, T2 and T3 was measured as 7.8, 7.8, 7.8 and 7.8 
respectively (Table 2). From ANOVA, it was 
determined that there was no significant effect of 
mentha arvensis on texture of WBMM beverage. The 
values mentioned were in accordance with the values 
recorded by Yadav et. al., 2010 for whey based 
banana herbal beverage. 
Appearance of prepared WBMM beverage samples of 
T0, T1, T2 and T3 was measured as 7.8, 7.4, 7.2 and 
7.6 respectively (Table 2). From ANOVA, it was 
determined that there was significant effect of mentha 
arvensis on appearance of WBMM beverage. The 
values mentioned were in accordance with the values 
recorded by Yadav et. al., 2010 for whey based 
banana herbal beverage. 
Overall acceptability of prepared WBMM beverage 
samples of T0, T1, T2 and T3 was measured as 7.8, 
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7.396, 7.13 and 6.73 respectively (Table 2). From 
ANOVA, it was determined that there was significant 
effect of mentha arvensis on overall acceptability of 
WBMM beverage. The values mentioned were in 
accordance with the values recorded by Yadav et. al., 
2010 for whey based banana herbal beverage. 

Microbiological characteristics 
SPC of prepared WBMM beverage samples of T0, T1, 
T2 and T3 was measured as 12.4, 10.8, 11.2 and 10.4 
respectively (Table 2). From ANOVA, it was 
determined that there was no significant effect of 
mentha arvensis on SPC of WBMM beverage The 
value was first deceased from T0 to T1 and then it was 
increased from T1 to T2 and finally decreased for T3 
as recorded by Sakhale et. al., 2012 for whey based 

RTS mango cv. Kesar beverage. The values were 
smaller than recorded by Sakhle et. al., 2012. 
None of the samples of Whey based mango mint 
beverage in control and experimental treatments 
showed presence of coliform. It is evident from the 
table that the coliform test control and experimental 
sample were 100% negative. Similarly, No coliform 
was there for whey based RTS mango cv. Kesar 
beverage as stated by Sakhale et.al., 2012. 

Cost Estimation 
Cost (Rs.) of WBMM beverage samples of different 
treatments and control shown in Table 3, it was noted 
that  the highest mean cost was of the Whey based 
mango mint beverage sample of T3 (14.62) followed 
by T2 (12.64) and T1 (10.66) and then T0 (8.68). 

 
Table 3 Cost analysis of Whey based mango mint beverage of different treatments 

Ingredients 
Amount required for  

Rate in Rs./Kg 
Cost in Rs. 

1000 ml (in g) 
T0 T1 T2 T3 T0 T1 T2 T3 

Whey 820 810 800 790 2 1.64 1.62 1.6 1.58 
Mango pulp 100 100 100 100 40 4 4 4 4 

Sugar 80 80 80 80 38 3.04 3.04 3.04 3.04 
Mentha Arvensis 0 10 20 30 200 0 2 4 6 

Total weight 1000 1000 1000 1000 Cost Rs./Lit 8.68 10.66 12.64 14.62 
 

CONCLUSION 
In view of the experimental results obtained during 
the present investigation, it may be concluded that the 
Whey based mango mint beverage made from whey, 
mango pulp, sugar and some varying amount of 
Mentha Arvensis (1%, 2%, 3%) had good amount of 
nutrients and had no coliforms. Whey contains 
lactose, carbohydrates and fat. Mango pulp increases 
the deliciousness and nutritional value of the product. 
Treatment T3 got highest score in organoleptic 
evaluation (9-point hedonic scale) in flavour and 

aroma and also it was the best in chemical 
characteristics protein, total solids, and carbohydrates. 
The addition of 3% mentha arvensis carries the cost 
of the preparation of beverage to 14.62 Rs./lit. which 
is not more than other regularly used beverages. Thus, 
Whey based beverage prepared from mango pulp in 
combination with edible extract of herbal medicinal 
plants like Mentha arvensis will not have only 
excellent nutritional properties but will also possess 
therapeutic, antibacterial and organoleptic properties. 

REFERENCES 
Ahmed, A. J. 1999 Prebiotic, feeding your friendly flora 

naturally. Total Health  Vol. 21 (4). 
Anonymous 2002 do it with dairy. “Athletes get the most 

from their diets; whey protein provides high level of 
necessary protein and other nutrients”. 
www.extraordinarydairy.com/standard.asp.?ContentPa
ge1d=48. 

AOAC 1990 Official Methods of Analysis 15th Edition, 
Method 923.09, "Invert Sugar in Sugars and Syrups, 
Lane-Eynon General Volumetric Method, Final 
Action," pp. 1016. 

AOAC 1990 Official Methods of Analysis, 16th edition. 
Association of Official Analytical Chemists, 
Washington, D.C. 

Baljeet, S. Y.; Ritika, B. Y. and Sarita, R. 2013 
International Food Research Journal 20(2): 2013 pp. 
607-612 

Chandel, R. S. 1972 A handbook of Agricultural 
Statistics.Achal Prakaxhan Mender, Kanpur, pp. 126-
9. 

De Sukumar 1980 Outlines of Dairy Technology. Oxford 
University Press, New Delhi 

De Wit, J. N. 1998 Nutritional and functional 
characteristics of whey proteins in food products. 
Journal of Dairy Science. Vol. 81. 

Divya and Archana Kumari 2009 World Journal of Dairy 
& Food Sciences 4 (2): pp. 118-122, 2009 

Gheradi, S. 1994. Production technology of pineapple 
juice, juice composition and heat resistance of pectin 
methyle esterase. Industrial conserve (Italy), 69 (3): 
pp. 199-203. 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

84 
 

Gupta, S.; Ahirwar, D.; Jhade, D.; Sharma, N. K.; 
Ahirwar, B. 2010. International Journal of 
Pharmaceutical Sciences and Drug Research 2010; 
2(4): pp. 261-264 

Hameed Ullah; Saeed Ahmad; Thompson, A. K.; Waqar 
Ahmad; Azher Nawaz, M. 2010. Pak. J. Bot., 42(3): 
pp. 2077-2084, 2010 

Hardham, J. F. 1998. Effect of protein standardization of 
milk by addition of UF milk permeates on the 
composition and storage stability of UHT processed 
milk. The Australian Journal of Dairy Technology. 
Vol. 53. 

Huffman, L. M. 1996. Processing whey protein for use as a 
food ingredient. Food Technology. Vol. 50 (February). 

Johnson, M.; Wesely, E. G.; Kavitha, M. S. and Uma, V. 
2011. Antibacterial activity of leaves and inter-nodal 
callus extracts of Methaarvensis L.Vol. 4, Issue 3, 
March, 2011, pp. 196 – 200 

Lawson, M. A. 1994. Milk properties as food ingredient. 
Food Technology. Vol. 48 (October) 

Macedo, M. G.; Lacroix, C.; Champagne, C. P. 2002. 
combined effect of temperature and medium 
composition on exopolysaccharide production by 
Lactobacillus rhomnosus RW-9595M in a whey 
permeate based medium. Biotechnology Progress. 
Vol.18 (2). 

Muhammad Zaini, S. N. B. 2009. production of mango 
(mangifera indica) powder using spray dryer and the 
effects of drying on its physical properties. Faculty of 
Chemical and Natural Resources Engineering 
University, Pahang , Malaysia, April, 2009.  

Millard, D.; Morten, G. V.; Civille, B. T. 1991. 
SensoryEvaluation and its techniques, 2nd edition. 
CRC Press, Inc. Boca Raton, FL. Chap. 1, 2, 9, 10. 

Naik, Y. K.; Khare, A.; Choudhary, P. L.; Goel, B. K. 
and Shrivastava, A. 2009. Asian J. Research Chem..  
2(1): pp. 57 – 59; Jan.-Mar. 2009. 

Pal, R. K. 1998. Ripening and rheological properties of 
mango as influenced by ethereal and carbide. J. Food  
Sci. Technol., 35(4): pp. 358-360. 

Pasin, G. and Dr. Miller, S. L. 2000. U. S. Whey products 
and sports nutrition. U. S. Dairy Export Council. 
www.usdec.org/pdffiles/manuals/9sportNut.pdf 

Pyne, G. T. 1933. the department of Dairy and chemistry, 
university college, cork, Biochemistry. J. 27:915. 

Ranganna, S. 1986. Handbook of analysis and quality 
control for fruit and vegetable products. Tata Mc. 
Graw Hill Publication. New delhi. India. 

Reddy, L. V. and Reddy, O. V. S. 2009. Natural Product 
Radiance, Vol. 8(4), 2009: pp. 426-435 

Reddy, L. V.; Reddy, O. V. S. and Young-Jung, Wee 
2011. African Journal of Biotechnology Vol. 10(20), 
pp. 4183-4189, 16 May, 2011 

Sakhle, B. K.; Chalwad, R. U. and Pawar, V. D. 2012. 
Standardization of process for preparation of fig-
mango mixed toffee International Food Research 
Journal 19(3): pp. 889-891 (2012) 

Shah, P. P. and D’mello, P. M. 2004. International Journal 
of Pharmaceutical Sciences  and Drug Research 2010; 
2(4): pp. 261-264 

Sharma, v.; Sharma, N.; Singh, H.; Srivastava, D. K.; 
Pathania, V.; Singh, B.; Gupta, R. C. 2009. 
INT.J.DRUG DEV & RES., SEP-DEC 2009;1(1):1-9 

Singh, T., Drake, M. A. and Cadwallader, K. R. 2003. 
Flavour of Cheddar Cheese; a chemical and sensory 
perspective. Compr. Rev. Food Sci. Vol 2. 

Smithers, G. W.; Ballard, F. J.; Copeland, A. D.; De 
silva, K. J.; Dianysus, D. A.; Francis G. L.; Godard, 
C.; Griece, P. A.; McIntosh, G. H; Mitchell, I. R.; 
Pearce, R. J. and Regester, G. O. 1996. New 
opportunities from the isolation and utilization of whey 
protein. 

Spencer, John, F. T.; De Spencer, A. L. R. edited Book 
Food Microbiology Protocol.                    Humana 
Press, Totowa, New Jersey. 2001. pp. 7-9 and  27-36. 

Yadav, R. B.; Yadav, B. S. and Kalia, N. 2010. American 
Journal of Food Technology 5 (2): pp. 121 – 129; 
2010. 

Whey Protein Institute (WPI) 2001. Benefits of whey 
proteins. www.wheyoflife.org.benefits.html#3 

 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

85 
 

Grain yield and soil nutrient status of rice - rice cropping system as influenced by 
nutrient management under long term fertiliser experimentation 

 
1M. SRILATHA, 2S.H.K.SHARMA, 3 M. UMA DEVI  AND 4 K. BHANU REKHA 

1AICRP on LTFE, Soil Science and Agricultural Chemistry, RARS, Jagtial 
2Department of Soil Science and Agricultural Chemistry, College of Agriculture, 

3 Water Technology Centre, 4Department of Agronomy, College of Agriculture, ANGRAU, Rajendranagar-30 

Received: Sept., 2013 
 Accepted: Sept., 2013 

ABSTRACT 

  Long Term Fertilizer Experiments were conducted since Kharif 2000 at Regional 
Agricultural Research Station, Jagtial, Acharya N.G.Ranga Agricultural University in rice – rice cropping 
system. Results indicated that application of 150% NPK recorded significantly higher grain yield and 
post harvest available nutrients (N, P and K) followed by combined application of 100% NPK and FYM 
@ 10 t ha-1. Soil properties like pH and electrical conductivity did not significantly vary due to different 
nutrient management. While soil organic carbon content increased over initial value in all the 
treatments with consistent higher values in organic manure (FYM) applied plots either alone or in 
combination with inorganic fertilizers. Among the available  soil nutrients,  phosphorous build up was 
observed in the plots consisting of P application  and it was  highest in the plots applied with 150% 
NPK (116% build up from the initial) on the other hand depletion was observed in plots with no P 
application. 

Key words: Long term experiment, Rice, Soil properties and Yield 

      Rice – rice is an important cropping system 
in the rice growing areas of Andhra Pradesh. This 
system needs high amount of nutrients for achieving 
high productivity. It has been well established that 
continuous and imbalanced use of chemical fertilizers 
alone under intensive cropping decreases crop yields 
due to deterioration of soil health and extra removal 
of nutrients by crops with heavy fertilization. 
Continuous cropping with cereal – cereal system 
needs balanced use of fertilizer for sustaining this 
system and nutrient dynamics on long term basis. 
Long term experiments provide valuable information 
on the impact of continuous fertilizer use on the 
fertility and productivity of the soil. 

Hence, the present experiment was undertaken 
to study the long term effects of continuous 
application of plant nutrients through chemical 
fertilizers alone and in combination with organic 
manures (FYM) on soil properties and grain yield of 
rice – rice cropping system in an Inceptisol. 

MATERIALS AND METHODS 
The present field study was initiated at Research 

farm of Regional Agricultural Research Station, 
Polasa, Jagtial under All India Coordinated Research 
Project on Long Term Fertilizer Experiments to study 
the “Changes in soil quality, crop productivity and 
sustainability in rice – rice cropping system” during 
kharif 2000-01 under wet land conditions. The data 
reported here are up to rabi 2010-11. The soil of the 
experimental site is a Typic Ustochrept. The soil is 
clay in texture with pH of 7.1, EC 0.47 dSm-1, organic 
carbon 0.79% and available N, P and K were 107.6, 
19.6 and 364 kg ha-1 respectively. The experiment 
consisted of 12 treatments (Table 1) which were 
arranged in a randomised block design with four 
replications. The dimensions of the experimental plot 
are 12 m x 9 m. 

The crop was harvested at maturity and the grain 
and straw yields of were recorded season wise during 
each year. Initial and post harvest soil samples 
pertaining to rabi season (every year) were collected 
and processed. The samples were analysed for 

physico-chemical properties by following standard 
procedures. The changes in soil parameters over 
initial status after each rabi season under each 
treatment were determined. 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

86 
 

Table 1. Details of treatments and source of nutrients 

Treatment N-P2O5-K2O  
(kg ha-1) 

Nutrient source Remarks 

N P K  
50%NPK 60-30-20 Urea SSP MOP - 

100%NPK 120-60-40 Urea SSP* MOP 100% NPK level fixed on initial soil test values 
for targeted grain yield of 60 q ha-1 

150%NPK 180-90-60 Urea SSP MOP   - 

100%NPK+HW* 120-60-40 Urea SSP MOP Only hand weeding. Both weedicide & hand 
weeding in all other treatments.  

100%NPK+Zn 120-60-40 Urea SSP MOP 10 kg Zn SO4 ha-1 during kharif season 
100%NP 120-60-0 Urea SSP - - 

100%N 120-0-0 Urea - - - 

100%NPK+FYM 120-60-40 Urea SSP MOP 
10 t FYM ha-1 during kharif up to 2010-11 @ 
15 t ha-1 (on dry weight  basis) during kharif 
from kharif 2011-12 onwards 

100%NPK-S 120-60-40 Urea DAP MOP P applied through DAP instead of SSP to avoid 
S application. 

FYM 0-0-0 - - - 10 t FYM ha-1 each during kharif and rabi.  
Control 0-0-0 - - - - 

Fallow 0-0-0 - - - No crop, no manures or fertilizers. Weeds in 
plot were incorporated in the plot itself. 

 
Table 2. Grain yield (kg ha-1) during kharif 2000-01 to 2011-12 (pooled for every 5 years). 
Treatment Pooled yield 

(2000 to 2005) 
Pooled yield 

(2006 to 2011) 

50% NPK 6139 7967 
100% NPK 7274 9284 
150% NPK 7593 9744 
100%  NPK + HW 7202 9351 
100%  NPK + Zn 7270 9333 
100% NP 7040 9074 
100% N 6314 7156 
100%  NPK + FYM 7690 9536 
100%  NPK - S 7216 9158 
FYM 5409 7391 
Control 4302 5336 
Average yield 6677 8484 
S. Em. +/- 187 249 
CD (0.05%) 381 509 

 
Table 3. Grain yield (kg ha-1) during rabi 2000-01 to 2011-12 (pooled for every 5 years). 
Treatment Pooled yield 

(2000 to 2005) 
Pooled yield 

(2006 to 2011) 
50% NPK 5580 6088 
NPK 7207 7456 
150% NPK 8104 8444 
NPK + HW 6953 7514 
NPK + Zn 7197 7573 
NP 6875 7345 
N 5542 4892 
NPK + FYM 7442 8026 
NPK – S 6851 7346 
FYM 4775 5742 
Control 3887 3935 
Average yield 6401 6760 
S. Em.± 232 205 
CD (5%) 474 418 
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Table 4. Post harvest soil chemical properties after harvest of rabi rice (for every five years) 

Treatment pH EC (dSm-1) OC (%) 
2000 2005 2010 2000 2005 2010 2000 2005 2010 

50% NPK 8.15 8.20 8.19 0.45 0.51 0.23 0.72 0.80 0.81 
NPK 8.03 8.18 8.23 0.46 0.60 0.25 0.77 0.86 0.80 
150% NPK 7.90 8.03 8.30 0.39 0.66 0.30 0.92 0.90 0.81 
NPK + HW 8.13 8.09 8.25 0.48 0.58 0.24 0.50 0.78 0.83 
NPK + Zn 7.98 8.14 8.22 0.46 0.59 0.23 0.74 0.84 0.83 
NP 8.00 8.22 8.20 0.44 0.57 0.20 0.82 0.81 0.74 
N 8.05 8.08 8.13 0.42 0.51 0.21 0.78 0.79 0.81 
NPK + FYM 7.96 8.14 8.12 0.41 0.58 0.23 0.78 0.91 1.01 
NPK – S 8.04 7.90 8.23 0.42 0.53 0.24 0.73 0.82 0.88 
FYM 8.12 8.18 8.13 0.51 0.50 0.25 0.72 0.87 1.04 
Control 8.06 8.06 8.05 0.50 0.49 0.27 0.66 0.66 0.80 
Fallow 7.98 8.08 8.17 0.48 0.52 0.24 0.73 0.84 0.84 
SEm± - - - - 0.05 0.03 0.07 0.04 0.08 
CD (5%) - - - - 0.10 NS 0.14 0.08 0.16 

 
Table 5. Post harvest soil fertility status after harvest of rabi rice (for every 5 years) 

Treatment Available N (kg ha-1) Available P(kg ha-1) Available K(kg ha-1) 
2000 2005 2010 2000 2005 2010 2000 2005 2010 

50% NPK 132.8 177 204 43.21 16.80 29.5 353 319 320 
NPK 166.0 184 185 47.29 23.40 31.1 330 379 322 
150% NPK 165.3 205 213 68.52 32.90 42.1 374 401 349 
NPK + HW 147.5 182 198 56.98 24.00 30.5 362 348 297 
NPK + Zn 154.8 182 197 55.60 23.60 29.9 346 346 301 
NP 173.0 161 194 57.34 23.00 25.8 340 338 314 
N 152.5 166 183 31.28 8.60 18.6 354 333 257 
NPK + FYM 136.8 192 210 50.93 31.90 43.2 362 358 326 
NPK – S 139.0 174 199 31.26 23.80 28.5 359 343 305 
FYM 139.3 154 247 38.32 17.90 38.2 330 343 316 
Control 127.0 153 191 24.59 12.40 20.3 366 295 309 
Average yield 148.0 168 212 23.68 20.30 27.2 390 309 373 
S. Em.± 14.6 15.7 23.0 6.28 2.36 3.27 16 25 31 
CD (5%) NS NS NS 12.83 4.82 6.68 NS 50 NS 

 
Table 6. Changes in soil properties and available nutrient status after harvest of rabi 2010-11 

Treatment pH EC (dSm-1) OC (%) N (kg ha-1) P(kg ha-1) K(kg ha-1) 
50%NPK 8.19 0.23 0.81 204 29.5 320 
NPK 8.23 0.25 0.80 185 31.1 322 
150% NPK 8.30 0.30 0.81 213 42.1 349 
NPK + HW 8.25 0.24 0.83 198 30.5 297 
NPK + Zn 8.22 0.23 0.83 197 29.9 301 
NP 8.20 0.20 0.74 194 25.8 314 
N 8.13 0.21 0.81 183 18.6 257 
NPK + FYM 8.12 0.23 1.01 210 43.2 326 
NPK – S 8.23 0.24 0.88 199 28.5 305 
FYM 8.13 0.25 1.04 247 38.2 316 
Control 8.05 0.27 0.80 191 20.3 309 
Fallow 8.17 0.24 0.84 212 27.2 373 
S. Em.± - 0.03 0.08 23 3.3 31 
CD (5%) - NS 0.16 NS 6.7 NS 
Initial 8.22 0.47 0.79 108 19.6 364 
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RESULTS AND DISCUSSION 

Perusal of data (Table 2 and 3) on grain yield 
(average of 5 years) indicated that application of 
150% NPK and combined application of 100% NPK 
+ FYM recorded significantly higher grain yield from 
2000 to 2005. However, from 2006 to 2011, 
application of 100% NPK+HW, 100% NPK + Zn and 
100% NPK were on par with 150% NPK and 100% 
NPK+FYM in terms of grain yield. 

Continuous application of only nitrogen resulted 
in significantly lower yields (6314 and 7156 kg ha-

1respectively) during kharif and rabi (5542 and 4892 
kg ha-1 respectively) as compared to application of 
100% NP and 100% NPK. Application of only single 
nutrient recorded lesser yields over all the treatments 
except control wherein no fertilizer or manure was 
applied for the past 10 years. 

Combined application of phosphorus along with 
nitrogen recorded 11.5 and 26.8 % higher grain yield 
(pooled of 5 years) during kharif  and 24.0 and 50.0 
% during rabi over nitrogen application alone 
whereas, 100% NPK  recorded 15.2 and 29.7 %  
higher yield (pooled yield of 5 years) during kharif 
and rabi  seasons respectively. 

Grain yield of crop applied with nitrogen and 
phosphorus and 100%NPK was on par with each 
other during kharif and rabi indicating no response to 
the applied potassium. This might due to the fact that 
the initial soil was rich in potassium (364 kg ha-1), 
which would have met the potassium requirement of 
the crop even in absence of external K application 
through fertilizers. These results emphasise that there 
is a possibility to save P and K fertilizers by avoiding 
their application in soils high with these nutrients. 
Similar results were also reported by Jagadeeswari 
and Kumaraswamy, 2000; and Subehia et al. 2005. 

In general there was a significant increase in 
yield with increasing rate of NPK application during 
both the seasons. These results are in conformity with 
those of Santhy et al. (2001). Application of 50% 
NPK resulted in 15.6 and 14.2% lesser yield during 
kharif and 22.5 and 19.3 % less in rabi over 100% 
NPK. Whereas 150% NPK resulted in 4.4 and 5.0% 
increase during kharif and 12.4 and 13.25% increased 
grain yield during rabi over application of 100% 
NPK. These results indicated that the response to 
increased application of nutrients from 100 to 150% 
was considerably high in rabi over kharif season. 

 Highest grain yield was obtained with the 
application 150% recommended dose of fertilizers 
which was closely followed by combined application 
of 100% NPK+ FYM (10t ha-1) during both the 
seasons.  

Effect on soil properties: 
Soil pH ranged from 8.5 to 8.3 and EC ranged 

from 0.20 to 0.30 under different treatments over ten 
years of experimentation (Table. 4). The pH slightly 
declined in all the treatments except in plots applied 

with150% NPK which had received higher dose of 
fertilizers. The water soluble electrical conductivity 
decreased in almost all the treatments from the initial 
value (0.47 dSm-1). Similar results were reported by 
Urkurkar et al. (2000). 

Available soil nutrient (N, P and K) status: 
The available nitrogen status of the soil increased 
over the initial value (107.6 kg ha-1) in all the 
treatments, which was due to continuous cropping 
that resulted in addition of crop residues. 

It is well established fact that the crop utilises 
about 25 to 30 % of applied phosphorous and rest of 
it remains in the soil. Build up of available 
Phosphorus was observed in treatments where it was 
applied. The highest build up of P (43.2kg ha-1) was 
observed in 100%NPK +FYM followed by 
application of 150% NPK (42.1 kg ha-1) while, 
depletion of P was observed in plots where it was not 
applied. Depletion was more under application of 
100% N alone (5.1%) from initial value (19.6 kg ha-1) 
over control (3.5%). Similar results have been 
reported by Kumar et al. (2008) and Kumar et al. 
(2012).  

It is interesting to note that, even though the 
available phosphorous content in plots applied with 
100% N alone treatment is still in medium (18.6 kg 
ha-1) range, considerable yield increase was recorded 
with application of phosphorous along with nitrogen 
(Table 4 &5). This indicated that the yield loss under 
application of nitrogen alone was mainly due to 
imbalanced nutrition. These results are in conformity 
with those of Subehia et al. (2005).  

The status of available potassium decreased in 
all the treatments from the initial value (364 kg ha-1) 
and there were no considerable yield differences 
among the treatments with and without K application 
indicating no response to the applied K. Depletion of 
available K even in treatments consisting  K 
application under continuous cropping was also 
reported by Katyal et al. (2000) and Yaduvanshi and 
Swarup (2006). This decrease in available K was 
probably due to non-release of non-exchangeable K 
for utilisation of crop on one hand and higher uptake 
of K by the crop on the other hand. 

CONCLUSIONS 

Continuous application of graded levels of NPK 
fertilizers significantly increased grain yield of rice. 
Mean grain yield during both the seasons increased with 
the application of 150% NPK followed by 100% NPK + 
FYM @ 10 t ha-1 respectively. 

Among the post harvest soil available nutrients (N, 
P and K) only P showed a significant build up over 
initial value, except in treatments where it was not 
added. Response to the applied potassium was not 
observed even after 10 years of experimentation. Hence 
these results indicate that there is a possibility to 
rationalise and save phosphorus and potash fertilizers in 
soils high with these available nutrients. 
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ABSTRACT 

Bajra is the major food crop of Rajasthan. This millet can be grown in sandy soils under rainfed 
conditions and hence assumes importance in the arid region of Rajasthan. This food grain crop is also 
grown abundantly in the arid tracts of Gujarat, Uttar Pradesh, Karnataka, Maharashtra and Andhra 
Pradesh. It has multiple uses – besides being a staple food, its fodder is an important feed of the milch 
animals.The study was conducted in 8 FLD villages of three panchayat samities namely, Nagaur, Jayal 
and Mundwa panchayat samities of Nagaur district, adopted by the KVK, Nagaur were included and a 
sample of 100 beneficiary and 50 non-beneficiary farmers were selected purposively.It was found that 
the beneficiary farmers possessed maximum extent of adoption regarding “High yielding varieties” 
while least extent of adoption was observed about the practices ““Plant protection measures”,of 
recommended bajra production technology. Whereas, the non-beneficiary farmers possessed 
maximum extent of adoption regarding “Sowing of seed and spacing”, whereas, the least extent of 
adoption was found about “Harvesting” of recommended bajra production technology. 

Key words- Adoption, Bajara, Beneficiary and non-beneficiary farmers 

Bajra is the major food crop of Rajasthan. 
This millet can be grown in sandy soils under rainfed 
conditions and hence assumes importance in the arid 
region of Rajasthan. This food grain crop is also 
grown abundantly in the arid tracts of Gujarat, Uttar 
Pradesh, Karnataka, Maharashtra and Andhra Pradesh. 
It has multiple uses – besides being a staple food, its 
fodder is an important feed of the milch animals. The 
main objective of the Front Line Demonstration is to 
demonstrate newly released crop production and 
protection technologies and management practices at 
the farmers’ field under different agro-climatic regions 
and farming situations. While demonstrating the 
technologies at the farmer’s field, the scientists are 
required to study, the factors contributing to higher 

crop production, field constraints of production and 
thereby generating production factor and feed-back 
information. Front Line Demonstrations are conducted 
in a block of two to four hectares of land in order to 
have better impact of the demonstrated technologies 
on the farmers and field level extension functionaries. 

MATERIAL AND METHODS 

The study was conducted in 8 FLD villages of three 
panchayat samities namely, Nagaur, Jayal and 
Mundwa panchayat samities of Nagaur district, 
adopted by the KVK, Nagaur were included and a 
sample of 100 beneficiary and 50 non-beneficiary 
farmers were selected purposively.  

 
Table 1. Extent of adoption of recommended bajra production technology by beneficiary farmers as 

compared to non-beneficiary farmers. 

EXTENT OF ADOPTION 
Beneficiary 

(N=100) 
non-beneficiary 

(N=50) 
f % F % 

LOW (SCORES BELOW 11.68) 17 17 14 28 

MEDIUM (SCORES BETWEEN 11.68 TO 23.60) 58 58  
31 62 

HIGH (SCORES ABOVE 23.60) 25 25 5 10 
TOTAL  100 100 50 100 
X   = 17.64,    σ = 05.96  
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Table 2. Practice wise extent of adoption of recommended Bajra production technology by beneficiary 
farmers as compared to non-beneficiary farmers. 

Package of practices Beneficiary  (N=100) Rank 
Non-beneficiary 

(N=50) Rank 
     MPS MPS 

Soil and field preparation 70.00 IV 63.33 III 
High yielding varieties 74.00 I 67.00 II 
Sowing of seed and spacing 42.00 II 67.33 I 
Seed treatment and soil 70.40 III 61.60 IV 
manure and fertilizer management 63.71 VII 54.28 VII 
Plant protection measures 64.16 VI 61.00 V 
Weed management 57.50 IX 53.33 VIII 
Harvesting 63.33 VIII 50.67 IX 
Storage 66.50 V 57.00 VI 
 rs=0.93**                      t=6.9 

 
Table 3.  Comparison of extent of adoption between beneficiary and non-beneficiary farmers regarding 

recommended bajra production technology. 

Package of practice 
Beneficiary 

(N=100) 
Non-beneficiary 

(N=50) 
‘Z’ Value 

Mean SD Mean SD 
Soil and field preparation 2.10 0.69 0.95 0.81 9.67** 
High yielding varieties 1.48 0.50 0.67 0.52 10.04** 
Sowing of seed and spacing 2.16 0.68 1.01 0.65 10.93** 
Seed treatment 3.52 1.37 1.54 1.44 8.91** 
Manure and fertilizer management 4.66 1.42 1.90 1.42 12.29** 
Weed management 3.85 1.03 1.83 1.02 12.46** 
Plant protection measures 3.45 1.49 1.60 1.48 7.88** 
Harvesting 1.90 0.98 0.76 0.89 7.70** 
Storage    1.33 0.74 0.57 0.78 6.32** 
** Significant at 1% level of significance 

 

RESULTS 

Extent of adoption of recommended Bajra 
production technology by beneficiary farmers as 
compared to non-beneficiary farmers 

The data in Table 1 reveal that majority of 
beneficiary farmers (58 per cent) and non-beneficiary 
farmers (62 per cent) had medium extent of adoption, 
whereas 17 and 28 per cent and 25 and 10  per cent 
beneficiary farmers and non-beneficiary farmers were 
having low and high extent of adoption about 
recommended bajra production technology, 
respectively. 

The data in table 2 depict that the highest extent of 
adoption (74.00 per cent) among beneficiary farmers 
was found about cultivation practice “High yielding 
varieties ” of recommended bajra production 
technology, whereas the highest extent of adoption 
(67.33 per cent) among non-beneficiary farmers was 
found about practice “sowing of seed and spacing” of 
recommended bajra production technology.  
The second highest extent of adoption (72.00 per 
cent) among beneficiary farmers was found about 
cultivation practice “sowing of seed and spacing” 
while, among non- beneficiary farmers, the second 
highest extent of adoption (67.00 per cent) was 

observed in practice ““High yielding varieties” of 
recommended bajra production technology.  

The third rank was awarded to the extent of 
adoption (70.40 per cent) in practice “Seed treatment 
and soil“ among beneficiary farmers while among 
non- beneficiary farmers, the third  highest extent of 
adoption (63.33 per cent) was observed in practice 
“Soil and field preparation “ of recommended bajra 
production technology. Fourth rank was assigned to 
the extent of adoption (70.00 per cent) among 
beneficiary farmers was found about cultivation 
practice “Soil and field preparation” whereas, the 
extent of adoption (61.60 per cent) in non-beneficiary 
farmers was found about practice “Seed treatment and 
soil” of recommended bajra production technology. 
The fifth rank was awarded to the extent of adoption 
(66.50 per cent) in practice “Storage“ among 
beneficiary while among non- beneficiaries farmers, 
the fifth  highest extent of adoption (61.00. per cent) 
was observed in practice “Weed management“ of 
recommended bajra production technology. 

The sixth rank was awarded to the extent of 
adoption (64.16 per cent) among beneficiary farmers 
about cultivation practice “Weed management” while 
the extent of adoption (57.00 per cent) in non-
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beneficiary farmers was found about “Storage” of 
recommended bajra production technology.The 
seventh rank was assigned to the extent of adoption 
63.71 and 54.28 per cent among beneficiary farmers 
and non-beneficiary farmers, respectively about 
practices “Weed management” of recommended bajra 
production technology.  

The eighth rank was awarded to the extent of 
adoption (63.33 per cent) was in practice “Harvesting 
“ among beneficiary farmers while among non- 
beneficiary, the eighth highest extent of adoption 
(53.33 per cent) was observed in practice “Plant 
protection measures “ of recommended bajra 
production technology. The lowest rank was assigned 
to the extent of adoption (57.50 per cent) was in 
practice “Plant protection measures “ among 
beneficiary farmers while among non- beneficiary 
farmers, the lowest extent of adoption (50.67per cent) 
was observed in practice “Harvesting “ of 
recommended bajra production technology.  

DISCUSSION 

The beneficiary farmers were having lesser extent of 
adoption in comparison to non- beneficiary farmers 
about all the cultivation practices of bajra. This might 
be due to the facts that the beneficiary farmers might 
have gained the more exposure and recommended 
their knowledge and skill through these training, 
demonstrations, field days which encouraged for 
higher extent of adoption lower down the extent of 
adoption.  

This calls for rejection of null hypothesis and 
acceptance of alternative hypothesis leading to 
conclusion that there is a significant difference in 
extent of adoption of beneficiary and non-beneficiary 
respondents regarding  all nine practices of bajra 
cultivation. In other words, there is no similarity 
between the extent of adoption of beneficiary and 
non-beneficiary farmers regarding bajra production 
technology.       

The higher extent of adoption of recommended bajra 
production technology among the beneficiary in 
comparison of non-beneficiary respondents, might be 
due to the reason that the FLDs were conducted on 
the fields of beneficiary farmers only by the KVK, 
Nagaur and they have also been provided necessary 
guidance, literature and training by the KVK 
scientists and SMS of ARSS, Nagaur. Whereas, the 
FLDs were not conducted on the field of non-
beneficiary farmers and might have not been provided 
any type of guidance and training by the SMSs. This 
might have resulted in lower extent of adoption  
among non beneficiary farmers in comparison to 
beneficiary farmers.  

The findings are in conformity with the findings of 
Badhala (2012) and Bhimawat & Gupta (2005) 

CONCLUSION 

(i) It was found that the beneficiary farmers 
possessed maximum extent of adoption regarding 
“High yielding varieties” (74.00 per cent) and  while 
least extent of adoption was observed about “Plant 
protection measures” (57.50 per cent) of 
recommended bajra production technology. 

(ii) It was also found that the non-beneficiary 
farmers possessed maximum extent of adoption 
regarding “sowing of seed and spacing” (67.33 per 
cent), and whereas, the least extent of adoption was 
found about “Harvesting” (50.67%) of recommended 
bajra production technology.       

RECOMMENDATIONS 
(i) Front line demonstration programme may begin 
with wide publicity and may be conducted on all 
farmers fields instead of some selected farmers. 

(ii) Pure quality seeds, quality fertilizers and pure 
low cost pesticides should be provided to the farmers. 

(iii) The credit facility should be made available to 
the farmers on lower interest rate so that they can 
easily adopt the new technologies.    
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ABSTRACT 

The present research work was undertaken to prepare bread using composite sorghum flour 
and wheat maida. The breads were prepared from varying levels of sorghum flour and analyzed for the 
nutritional quality and their consumer acceptance. The experiment was laid in completely randomized 
design (CRD) with five treatments (5, 10, 15, 20 and 25 % sorghum flour incorporation with wheat 
maida). The crude fiber content of blended bread increased significantly from 1.80 to 2.27 per cent as 
proportion of sorghum flour increased. The same trend of increment was observed for ash, crude fat, 
calcium and iron. This increase was due to higher content of respective nutrients in sorghum flour. 
However moisture content decreased significantly from 37.80 to 36.10 %. The overall results indicated 
the positive response of sorghum flour substitution to wheat maida up to 15 per cent level because of 
its low gluten content in formulation of high fiber and low moisture containing bread without affecting 
their overall quality. 

Key words: Maida, Sorghum flour, Composite bread, Organoleptic

Demand for ready to eat processed foods 
with better shelf life, satisfying taste, ease of 
palatability, high nutritional quality and low calories 
is increasing throughout  the world because of 
growing urbanization and increased employment for 
women in industrial and public sectors. Bakery 
products like bread are the most important that can 
satisfy these requirements. The nutritional 
significance of bakery products is well recognized 
and attempts are being made to not only enrich the 
products with high quality non-wheat flours but also 
give the medicinal usage. Also today’s consumers in 
the cosmetic, food and beverage market are interested 
in a trend of healthy life-style which has created 
demand for health oriented products. They have 
become health cautious and prefer low-calorie diets. 

Therefore partial substitution of wheat maida 
with sorghum flour can produce the bread with good 
chemical and sensory attributes along with excellent 
nutritional qualities that deviate from that of 
conventional foods. Composite flour technology 
refers to the process of mixing various flours to make 
use of local raw material to produce high quality food 
products in an economical way. Formulation of 
composite flour is vital for development of value-
added products with optimal functionality (Rehman et 
al., 2007). A variety of wheat flour substitutes have 
been tried in bakery formulations with varying 
success; for example, soy or defatted soy flour 
(Junqueira et al., 2008), defatted wheat germ (Arshad 
et al., 2007), flaxseed (Koca and Anil, 2007), 
sunflower seed (Skrbic and Filipcev, 2008), and lupin 
flour (Hall and Johnson, 2004). 

In addition to composite breads, several 
researchers have reported on the production of gluten-
free bread from sorghum and much of this work is 
reviewed by Taylor and Dewar (2001). India is the 
largest producer of sorghum in the world with 7.15 

million tons during 2007 and almost entire production 
of sorghum (95 %) in the country from above regions 
therefore there is enough potential in this crop to be 
utilized as a raw material for bakery products and 
other food industries. Interest in foods rich in dietary 
fibers has also increased recently because of its 
beneficial effects in various degenerative diseases and 
added that sorghum is unique among cereals because 
of its high concentration of dietary fiber Rao and Rao 
(1997).  

MATERIALS AND METHODS 

Sorghum grains of Phule-Vasudha (variety) 
were obtained from the Sorghum Improvement 
Project MPKV, Rahuri. Shortening agent, sugar, 
milk, yeast and other minor ingredients were 
purchased from the local market. 
The sorghum grains were cleaned to remove all 
extraneous material. Cleaned sorghum grains were 
subjected to milling in laboratory by using grinding 
mill. Whole sorghum flour was used for preparation 
of breads. 
Composite flour 
Maida was blended with sorghum flour at the levels 
of 0, 5, 10, 15, 20 and 25 % and treatment details are 
given in Table 1. These combinations of composite 
flour were used in the preparation of bread. 

  
Table 1. Treatment details 

Treatments Wheat maida Sorghum flour 

T0  100 % 0 % 
T1 95  % 5 % 
T2 90  % 10 % 
T3 85  % 15 % 
T4 80  % 20% 
T5 75  % 25% 
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Preparation of bread  
Composite flour of wheat maida and sorghum was 
used for preparation of bread according to the 
standard method of AACC, (1975) and the methods 
of Kent, (1984). The flow chart for complete process 
for preparation of bread is given in Fig. 1. Laboratory 
oven was used for baking the breads in the bakery 
unit. The ingredients required for preparation of 1 kg 
bread are as given in Table 2.  

Proximate Composition of Different Types of 
Bread 

The prepared bread samples were ground by using 
laboratory grinder to 60 meshes and then analyzed for 
moisture, crude fat, crude protein, crude fiber, ash, 
carbohydrate, calcium and iron content by AOAC, 
1990 and 2000 methods. The results were expressed 
on dry basis. 

RESULTS AND DISCUSSION 

The breads were prepared and analyzed for chemical 
composition and organoleptic properties. 

Effect of different levels of sorghum flour on 
chemical composition of bread 

The results with respect to effect of addition of 
different levels of sorghum flour on nutritional 
quality parameters of the bread are presented in Table 

3 and photographs of the bread prepared from 
different combination of wheat maida and sorghum 
flour are shown in Plate 1. From the results it was 
observed that the incorporation of sorghum flour with 
wheat maida improves the nutritional quality of 
composite bread especially in terms of crude fiber, 
crude fat and iron content. 

 

Table 2 Ingredients for preparation of 1 kg bread 
Ingredients Quantity 

Composite flour 600 g 

Fat 30 g 
Sugar 90 g 
Salt 9 g 

Yeast 12 g 
Milk 120 mL 
Water 360 mL 

 

Table 3. Chemical composition of sorghum flour  
and wheat maida blended breads 

 

 

    

 

 

 

 

 

 

 

T0, T1, T2, T3, T4 and T5 are 100, 95, 90, 85, 80 and     Fig 1 Flow sheet with process parameters for bread preparation 
75 % wheat bread respectively.          
 

 

 

 

Treatment Moisture 
(%) 

Crude 
fat 
(%) 

Crude 
protein      

(%) 

Crude     
fiber 
(%) 

T0 37.80 2.95 11.55 1.80 
T1 37.45 3.20 11.42 1.86 
T2 37.00 3.52 11.41 2.00 
T3 36.68 3.75 11.37 2.08 
T4 36.25 4.17 11.32 2.22 
T5 36.10 4.46 11.26 2.27 
SE 0.29 0.20 0.23 0.06 

CD @ 5 % 0.91 0.61 NS 0.20 

Treatment Ash 
(%) 

Carbohydrate   
(%) 

Calcium 
(mg/100g) 

Iron 
(mg/100g) 

T0 1.50 46.20 72.35 2.50 
T1 1.51 46.42 72.80 2.60 
T2 1.52 46.56 73.30 2.68 
T3 1.53 46.67 73.78 2.83 
T4 1.55 46.71 74.15 2.95 
T5 1.57 46.79 74.75 3.15 
SE 0.05 0.32 0.51 0.04 

CD @ 5 % NS NS NS 0.13 
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Treatments Wheat maida Sorghum flour
1 T0 100 % 0 %
2 T1 95  % 5 %
3 T2 90  % 10 %
4 T3 85  % 15 %
5 T4 80  % 20%
6 T5 75  % 25%

T0

T6
T4T3

T1 T2

 

Plate 1 Bread samples with different Treatments 

Moisture  

Moisture content of a food is of great significance for 
many scientific, technical and economic reasons. 
Lesser the moisture contents of bread better is its 
storage stability. The moisture content of five 
different formulations T0, T1, T2, T3, T4 and T5  
showed that the highest moisture content was 
observed in control bread (T0) 37.80 % and at par 
with the T1 (37.45 %) and T2 (37.00 %). It is seen 
from the data (Table 4.1) that the variation in 
moisture content of bread was significant, due to 
different levels of sorghum flour, the moisture 
contents decreased from 37.80 % (T0) to 36.10 % (T5) 
with increase in sorghum flour in composite bread. 
This might be due to that sorghum flour contained 
higher amount of solid matters compared to wheat 
flour. Similar results were noticed by Rastogi and 
Singh (1989) that supplementation of sorghum flour, 
in a suitable form, to cereal foods would decrease the 
moisture content of the final product.  

Crude fat 

The mean values for fat content for sorghum flour 
composite bread explicated significant differences 
with varying levels of sorghum flour ranged from 
2.95 to 4.46 %. Highest fat content 4.46 % was 
observed in bread containing 25 % sorghum flour (T5) 
which was at par with the T4 (4.17 %) and bread 
containing 0 per cent sorghum flour (T0) contains 
lowest, i.e. 2.95 % fat content. The results are in close 
agreement with the findings of Riaz (1999) who 
reported that sorghum blended sweet rolls has higher 
per centage of fat content.  

Crude protein  

 The protein content of different bread was 
found to be ranged from 11.55 to 11.26 %. The 

preparation of bread incorporated with sorghum flour 
had nearly same values of protein. No significant 
change was found in the protein content. The crude 
protein content of composite bread gradually 
decreased with increasing level of sorghum flour. 
Decrease in crude protein content with increase in 
sorghum flour was due to lower protein content in 
sorghum flour as compared to maida. The results of 
the present investigation are in accordance with the 
findings by Kent (1983) reporting that the wheat 
bread contains 8.65 to 9.25 % crude protein, the 
statement is in contradiction with statement.  

Crude fiber 

It could be seen from the data that the variation in 
crude fiber content ranged from 1.80 to 2.27 % in the 
prepared bread and it was increased with the increase 
of sorghum flour, highest crude fiber content was 
observed in bread containing 25 % sorghum flour (T5) 
2.27 % which was at par with the T4 (2.22 %) and 
bread containing 0 per cent sorghum flour (T0) 1.80 
% contains lowest crude fat content. It might be due 
to the addition of sorghum flour to the bread 
formulations. The crude fiber represents variable 
fraction of dietary fiber and includes mostly the 
lignin, cellulose and hemicelluloses components. 
Increase in crude fiber content with increase in 
sorghum flour was due to higher crude fiber content 
in sorghum flour as compared to maida. Similar effect 
has been reported by Yusnita and wong (2011) for 
wheat/corn cob composite bread.  

Ash  

Ash content varied from 1.50 to 1.57 % in sorghum 
flour combined breads and there was no significant 
change observed. Increase in ash content with 
increase in sorghum flour was due to higher ash 
content in sorghum flour as compared to that in 
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maida. High ash content (1.57 %) was observed in 
bread with 25 % sorghum flour (T5) followed by that 
in bread with 20 % sorghum flour (T4) (1.55 %), 
while minimum ash content (1.50 %) was observed in 
bread with 0 % sorghum flour (T0). The results of the 
present investigation are in conformity with the 
findings of Harper et al. (1983).  

Carbohydrate 

The data showed that, carbohydrate content increased 
in the different levels of sorghum flour ranging from 
46.20 to 46.79 %, there was no significant change 
observed. Bread with 25 % sorghum flour (T5), 
contains highest carbohydrate 46.79 %, followed by 
bread with 20 % sorghum flour (T4) contains 46.71 
%, while bread with 0 % sorghum flour (T0) contains 
lowest carbohydrate 46.20 %. This increase in 
carbohydrates may be due to the variations in 
carbohydrate content among the bread samples 
because of the difference in the level of protein, fat, 
ash and moisture content of wheat flour and sorghum 
flour. Eddy et al. (2007) observed the carbohydrate of 
the bread samples ranged from 55.30 to 68.87 % with 
higher values obtained in sorghum composite flour 
bread compared to the 100 % wheat bread.  

Calcium 

The results for calcium content of bread showed that 
the calcium content increased with levels of sorghum 
flour ranging from 72.35 to 74.75 mg/100 g however 
the change was not significant. Bread with 25 % 
sorghum flour (T5), contains highest calcium content 
74.75 mg/100 g followed by bread with 20 % 
sorghum flour (T4) contains 74.15 mg/100 g while 
bread with 0 % sorghum flour (T0) contains less 
calcium content of 72.35 mg/100 g. The results are in 
conformity findings of Edward (2006) who found the 
66 to 76 mg/ 100 g calcium content for wheat- 
sorghum blended biscuits.  

Iron 

The iron content was found to increase linearly as per 
cent of sorghum flour incorporation increased through 
the experiment as shown in Table 4.1. It could be 
seen from the data that the variation in iron content 
ranged from 2.50 to 3.15 (mg/100 g) in the prepared 
bread and it was increased with the increase of 
sorghum flour. The iron content of five different 
formulations T0, T1, T2, T3, T4 and T5 showed that the 
significantly highest iron content was observed in 

bread (T5) 3.15 (mg/100 g) and at par with 2.95 
(mg/100 g) in T4. It would be seen from the data that 
the variation in iron content of bread was significant, 
due to different levels of sorghum flour. The iron 
content increased from 2.50 (mg/100 g) (T0) to 3.15 
(mg/100 g) (T5) with increase in sorghum flour in 
composite bread. The results are in accordance with 
the Hwang et al. (2002) the iron content was found 
2.95 ± 0.37 mg/100 g for sorghum fortified cookies. 

Sensory Evaluation of Bread 

The blending of wheat flour with sorghum flour at 
different levels altered the organoleptic properties of 
different blended breads. As the breads were prepared 
using sorghum flour at different levels ranging from 0 to 
25 per cent and breads were evaluated for its quality and 
sensory acceptability using 9 point Hedonic scale, with 
respect to colour, texture, flavour, taste and overall 
acceptability are presented in Table 4 and graphically 
shown in Figure 2. It could be revealed from data that 
there was decrease in sensory score with the addition of 
sorghum flour in the product. 

Colour 

Colour is very important parameter in judging the 
properly baked bread that not only reflects the 
suitable raw material used for the preparation but also 
provides information about the formulation and 
quality of the product. There was much change in 
colour of the product by the addition of sorghum 
flour. The treatment T0 had significantly highest score 
8.80 and at par with the T1 (8.20) as compared with 
the other treatments. Colour values ranged between 
8.80 (T1) to 3.20 (T5) which agreed with the  findings 
of Banks et al. (1997) that non-wheat flour in bread 
formulation has been shown to increase colour 
darkness in baked products. The results obtained are 
in general agreement with those results from the 
literature. 

Texture 

Texture is combined sensation of all the rheological 
and structural parameters of the product during 
chewing or biting. The crust texture was related to the 
external appearance of the bread top i.e. smoothness 
or roughness of the crust. Crust texture score also 
decreased with increase in the substitution of sorghum 
flour in maida as compared with the control bread. 
The textural qualities 
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Table 4. Effects of different levels of addition of sorghum flour on sensory characteristics of blended bread. 

Treatments Colour Texture Flavour Taste Overall 
acceptability 

T0 8.80 8.60 8.60 8.80 8.70 
T1 8.20 8.20 8.00 8.60 8.25 
T2 8.00 7.80 7.80 8.20 7.95 
T3 7.80 7.60 7.60 8.00 7.75 
T4 3.80 4.10 4.40 4.10 4.15 
T5 3.20 3.60 3.80 3.40 3.50 

S. E. 0.25 0.22 0.24 0.23 0.17 

C.D. @ 5% 0.75 0.65 0.71 0.69 0.51 
 

Fig. 2. Effect of different levels of addition of sorghum flour on sensory characteristics of blended bread  

Where, T0=100 % wheat maida + 0 % sorghum flour (control), T1=95 % wheat maida + 5 % sorghum flour 
  T2=90 % wheat maida + 10 % sorghum flour,   T3=85 % wheat maida + 15 % sorghum flour 
  T4=80 % wheat maida + 20 % sorghum flour,   T5=75 % wheat maida + 25 % sorghum flour 

were gradually lowered by increasing proportion of 
sorghum flour in the composite breads. The texture 
was lowered from 8.60 (T0) to 3.60 (T5). The 
treatment T0 had significantly highest score 8.60 and 
at par with the T1 (8.20) as compared with the other 
treatments. This may be due to more rough textured 
sorghum flour characteristics. The blended breads 
with 5, 10 and 15 % sorghum flour having the score 
8.20, 7.80 and 7.60 which are in acceptable range of 9 
point Hedonic rating. The similar deterioration in the 
texture of composite breads with puffed bengal gram 
beyond 20 % substitution has also been observed by 
Rathna and Neelakantan (1995).  
Flavour  
Flavour is main criteria that make the product to be 
liked or disliked. The perception of flavor is 
combination of taste, smell impression and texture. 
The score for flavour from Table 4.10, revealed that 
there was decrease in flavor from 8.60 (T0) to 3.80 
(T5) with increase in proportion of sorghum flour in 

the blended breads. The scores 8.0, 7.80 and 7.60 
were observed for 5, 10 and 15 % sorghum flour 
respectively which are in the permissible limit of 
acceptability on 9 point Hedonic scale. Similar 
decrease in the flavour of breads with increase in the 
supplementation levels of fenugreek flour was noticed 
by Sharma and Chauhan (2000).  
Taste 
Taste is sensation perceived by the taste buds and 
influenced by the texture, flavour, taste and 
composition of the product. It is one of the most 
essential parameter related to acceptability of the 
product. 
Results from Table 4 indicated that the taste score 
decreased with increased level of substitution with 
sorghum flour as compared with control bread. Maida 
substituted with sorghum flour at the 25 % level was 
rated poorest in taste. The average taste score was 
significantly decreased with addition of sorghum 
flour in composite breads ranged between 8.80 (T0) to 
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3.40 (T5). The treatment T0 had significantly highest 
score 8.80 and at par with the T1 (8.60) as compared 
with the other treatments. Similar results were  given 
by Rastogi  and  Singh (1989) that the taste score 
decreased with increased level of substitution of soya 
flour (full fat and defatted) as compared with control 
bread.  
Overall acceptability  
The overall acceptability rating was the mean score of 
all the organoleptic characteristics in the present 
study. The results from Table 4.10 showed that the 
overall acceptability score of all the supplemented 
breads at the 5 % level (8.25) was at par with the 
control (8.70). Breads made from maida and sorghum 
flour up to the 15 % level were found acceptable but 
at 20 % and 25 % substitution the overall 
acceptability score was significantly reduced as 
compared with the control. The overall acceptability 
scores of sorghum flour supplemented breads did not 
change up to the 15 % level as that of the control and 

were considered as acceptable. Sorghum 
supplemented bread at 20 % substitution had the 
poorer overall acceptability score (4.15) and was 
found to be unacceptable. Whereas, maida plus 
sorghum flour supplemented breads at the 25 % level 
had poorest overall acceptability score (3.50) and 
hence were considered unacceptable.  
Koca and Anil (2007) based on their results, 
suggested that bread containing up to 20 % flaxseed 
flour could be baked with acceptable sensory quality. 
The results obtained are in general agreement with 
those results from the literature. CONCLUSIONS 
Sorghum flour can be used satisfactory to enrich 
bread nutritionally. The nutritional composition of the 
standardized bread was superior to that of the product 
made with the maida alone. The sensory score 
revealed that replacement of sorghum flour has 
significant effect on almost all the characteristics of 
the bread. 

REFERANCES 
AACC 1975. American Association of Cereal Chemists, Approved 

A.A.C.C. Method. pp.1-4. 

AOAC, 1990. Official Methods of Analysis. 14th Ed. Edited by 
Sidney Williums. Published by the Association of Official 
Analysis Chemists, Inc. Arlinton, Virginia, 22209, USA. 

Arshad MU, Anjum FM, and Zahoor T. 2007. Nutritional 
assessment of cookies supplemented with defatted wheat 
germ. Food Chem., 102 (1): 123-128. 

Banks WT, Wang C and Susan M. 1997. Partially defatted soy 
flour effects on sensory and physical characteristics of baked 
products. J. Consum. Stud. Home Econ., 21: 151–156.  

Eddy NO, Udofia PG and Eyo D. 2007. Sensory evaluation of 
wheat/cassava composite bread and effect of label 
information on acceptance and preference. African Journal of 
Biotechnology. 6 (20): 2415-2418. 

Edward, D. 2006. Biscuits spread. Its effects on production and 
quality. Bakers Digest. (36): 56–58, 76. 

Hall RS and Johnson SK. 2004. Sensory acceptability of foods 
containing Australian sweet lupin (Lupinus angustifolius) 
flour. J. Food Sci., 69:  92–97. 

Harper M, MacKenzie SA, Lamb J and Schmidt L. 1983. 
Thirteen week feeding study with transgenic wheat grain 
containing event DAS-157-1 in Sprague–Dawley rats. Food 
fractions from sorghum bicolor grain. J. Sci. Food Agric., 59: 
251-256.  

Hwang KT, Cuppett SL, Weller CL and Hanna MA. 2002. 
Properties, composition, and analysis of grain sorghum wax. 
J. Am. Oil Chem. Soc., 79: 521-527. 

Junqueira RM, Cocato ML, Colli  and Castro I. A. 2008. 
Synergism between lipoxygenaseactive soybean flour and 
ascorbic acid on rheological and sensory properties of wheat 
bread. J. Sci. Food Agric., (3) 88: 194-198. 

Kent NL. 1983. Technology of cereals: An Introduction for 
Students of Food Science and Agriculture. Second edition. 
Pergamon Press, Oxford. 11(2): 177-197.  

Kent NL. 1984. Technology of cereals: An Introduction for 
Students of Food Science and Agriculture. Third edition. 
Pergamon Press, Oxford. 8(2): 67-78.  

Koca AF and Anil M. 2007. Effect of flaxseed and wheat flour 
blends on dough rheology and bread quality. J. Sci. Food 
Agric., 87: 1172-1175.  

Rao JS and Rao VG. 1997. Effect of incorporation of sorghum 
flour to wheat flour on chemical, rheological and bread 
characteristics. Journal of Food Sci. and Technol.,  

Rastogi A and Singh G. 1989. Effect of addition of full fat soy 
flour of different varieties on quality characteristics and bread 
making quality of white flour. Bulletin of Grain Technology. 
27: 26–34. 

Rathna K. and Neelakantan S. 1995. Effect of incorporation of 
puffed bengal gram flour on the quality of bread. J. of Food 
Sci. and Technol., 32: 169–171. 

Rehman SA, Paterson S., Hussain MA, Murtaza V and 
Mehmood. S. 2007. Influence of partial substitution of wheat 
flour with vetch (Lathyrus sativus L) flour on quality 
characteristics of doughnuts. Lebensmittel Wissenchaft and 
Technologie. 40: 73–82. 

Riaz MN. 1999. Healthy baking with sorghum ingredients. Cereal 
Foods World. 44: 136–139. 

Sharma HR and Chauhan GS. 2000. Physicochemical and 
rheological quality characteristics of fenugreek (Trigonella 
foenum graecum L.) supplemented wheat flour. Journal of 
Food Science and Technology. 37: 87–90. 

Skrbic B and Filipcev B. 2008. Nutritional and sensory evaluation 
of wheat breads supplemented with oleic-rich sunflower seed. 
Food Chem., 108: 119–129. 

Taylor JRN and Dewar J. 2001. Developments in sorghum food 
technologies. In: Taylor, S. ed. Advances in Food and 
Nutrition Research. San Diego, CA: Academic Press. 43: 
217–264. 

Yusnita H. and Wong FZ. 2011. Physicochemical Properties and 
Acceptance of High Fiber Bread Incorporated with Corn Cob 
Flour. The 12th Asean Food Conference. Bangkok, Thailand. 
pp. 647-653. 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

99 
 

 
Effect of bioregulators on yield components, yield and quality of chickpea cultivars in 

hyper arid partially irrigated western plain zone of Rajasthan 
 

K.G. JAT , B.L. PAREEK, 1 K.C. NAAGAR, 2O.P. PAREEK AND R.S. YADAV 
1 Asstt. Professor (Agronomy) & 2 Asso. Prof., KVK Bhilwara (MPUAT)Raj. 

Dept. of Agronomy, College of Agriculture, 
SKRAU, Bikaner (Raj.) 

Received: Nov., 2013 
 Accepted: Jan., 2014 

ABSTRACT 

 An experiment was conducted at the Agronomy farm, College of Agriculture, SKRAU, Bikaner during 
Rabi 2008-09. The experiment comprised of four cultivars of chickpea (GNG 663, GNG 469, RSG 44 and Local) 
and four bioregulators spray (Control, DMSO, Cycocel and H2SO4). The results related that cultivar GNG 469 
significantly increased the yield compared to other cultivars. Membrane stability index (%) was significantly 
higher in GNG 469 compared to RSG 44 and Local, being at par with GNG 663. Nutrient content, uptake and 
protein content significantly higher in GNG 469 over all cultivars. Foliar spray of bioregulators significantly 
increased pods/plant, seed & straw yield, membrane stability index, nutrient uptake over control. 

Key Words: Chickpea, hyper arid, bioregulators and membrane stability index. 

Chickpea (Cicer arietinum L.) is one of the 
major rabi pulse crops which has high digestible 
dietary protein (17-21 percent).Chickpea is also rich 
in calcium, iron, niacin, vitamin C and vitamin B. its 
leaves contain malic acid which is very useful for 
stomach ailments and blood purification. Chickpea 
can be used for various kinds of food preparation 
which not only increase the taste but also the quality 
of food. It’s seed and straw are highly rich in nutrients 
and are mostly used as productive ration. 
 In India, chickpea is grown in 7.29 million 
ha area and production is about 5.77 million tonnes 
with productivity of 792 kg/ha. The production is 
about 43 percent of total production of the country 
(Anonymous, 2004). Rajasthan is the one of the 
important chickpea growing states and ranks second 
in respect of area as well as in production after 
Madhya Pradesh. In Rajasthan, chickpea crop 
occupied 11.17 lakh ha area and production is 7.07 
lakh tonnes with a productivity of 995 kg/ha. 

The factors responsible for low productivity 
of winter pulses, low temperature injury is one of the 
most damaging and even devastating in many years. 
Low temperature injury refers to damage caused in 
susceptible plants at low temperature above freezing. 
Many tropical and subtropical plants are killed at 
temperature of even 50oC due to chilling injury 
(Levitt, 1972). 
In Hyper arid partially Irrigated Western Plain zone 
(1C) of Rajasthan, the occurrence of low temperature; 
sometimes coinciding with flowering and seed 
formation stages of gram takes a fall of crop yield. 
There is an urgent need to find out means which can 
effectively protect gram against such formidable low 
temperature damage. 
The use of bioregulators have been reported to induce  
physiological efficiencies including photosynthetic 
ability of the plant which mitigate the adverse effect 
of aberrant weather condition to some extent and 

result in better growth and yield of several crops 
without any substantial increase in cost of production 
(Jain et.al., 1988). Bioregulators such as cycocel, di-
methyl sulph-oxide and sulphuric acid are known to 
play vital role in the physiological processes of plant 
threre by modifying the growth, yield and quality of 
most of the crops (Bansal and Singh, 1975). Chickpea 
crop experience low temperature at sowing and high 
temperature at the end of the cropping season. Low 
temperature at initial stage of crop growth result in 
poor and slow vegetative growth. Thus, a large part of 
the reproductive phase, both early and late, is exposed 
to cold and high temperatures, respectively reducing 
seed yield by up to 50 per cent (Dua,2001). The low 
yield of crop is mainly due to cultivation of 
traditional low yielding cultivars with the increased 
availability of new cultivars of chickpea differing 
widely in plant type and maturity period. The trait of 
high membrane stability index (Gupta et.al.2000) has 
been suggested as suitable genotypes/cultivars for 
resistance to stress. 

MATERIAL AND METHODS 

 A field experiment was conducted on 
Chickpea at Agronomy farm, College of Agriculture, 
SKRAU Bikaner during rabi season of 2008-09 in 
loamy sand soil. Mean available N, P2O5 and K2O in 
the soil were 62.85, 12.03 and 129.03 kg/ha, 
respectively. The  pH of the soil was 8.18. The 
experiment was laid out in split design with four 
replications. The cultivars (GNG 663, GNG 469, 
RSG 44 and local) were allocated in the main plots 
and bioregulators (control, DMSO, CCC and H2SO4) 
in the sub plots. The total number of treatments were 
16. The gross plot size 4.0 X 3.0 m2 with the net plot 
size being 3.0 X 1.8 m2. The crop cultivars were sown 
in lines spaced at 30 cm apart with a seed rate of 80 
kg/ha. The another management practices were 
adopted as per recommendations. 
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RESULTS AND DISUSSION 

Effect of Cultivars: 
  GNG 469 produced significantly 
higher yield components i.e. pods/plant (Table 1) by 
24.01, 16.45 and 7.60 test weight by 37.11, 33.33 and 
30.02 per cent as compared to local, RSG 44 and 
GNG 663 cultivars, respectively. Number of 
seeds/pod was non-significant among different 
cultivars. GNG 469 recorded maximum and 
significantly higher seed yield (22.19 q/ha) by 46.18, 
35.55 and 13.85, biological yield by 18.56, 28.22 and 
13.44 per cent over local, RSG 44 and GNG 663 
cultivars, respectively (Table 2). Straw yield of GNG 
469 was significantly higher as compared to RSG 44 
and GNG 663, while being at par with local cultivar. 
Similarly, GNG 469 recorded maximum and 
significantly higher nitrogen and  phosphorus content 
in straw and protein content in seed while in seed it 
was statically at par with GNG 663 and RSG 44. 
Nitrogen and phosphorus uptake in seed, straw and 
total uptake was significantly higher in GNG 469 
(Table 3) as compared to rest cultivars. It may be due 
to inherent characteristics and physiological nature of 
this cultivar. Since, uptake of nitrogen, phosphorus is 
the function of seed and straw yield of different 
cultivars and their content, therefore increase in seed 
and straw yield of this cultivar seem to be reason 
attaining higher uptake of these nutrient. As protein 
content of seed is function of its nitrogen content 
hence increase in nitrogen content and increased 
protein content. These findings corroborate the results 

of Anonymous (2002). GNG-469 recorded maximum 
and significantly higher membrane stability index 
over GNG-663 and local after first spray being at par 
with RSG-44 while after second spray variety GNG-
469 recorded significantly higher membrane stress 
index (MSI) over RSG-44 and local being at par with 
GNG-663. The cultivars having more MSI indicate 
more tolerant to stress. These results corroborate to 
the findings of Gupta (1996), Gupta et al. (2000). 
 
Effect of Bioregulators: 
 Application of H2SO4 significantly increased 
the number of pods/plant (42.1), seed yield (20.37 
q/ha), biological yield (50.17 q/ha), total nitrogen 
uptake (94.36 kg/ha) and total phosphorus uptake 
(18.98 kg/ha) by 13.48, 30.33, 19.61, 31.21 and 25.86 
per cent over control, respectively. The beneficial 
effect of these bioregulators on the yield is 
cumulative effect of number of pods/ plant, 
significant increase in the yield. Membrane stability 
index was significantly affected by foliar spray of 
these bioregulators over the control (no spray).The 
membrane stability index was lower in control that is 
indicative of greater stress at this stage and whereas 
the high membrane stability index (less ion leakage) 
suggested as suitable for resistance to stress. The 
uptake of nitrogen and phosphorus is the function of 
seed and straw yield and their content, increase seed 
and straw yield enhanced the total uptake of nitrogen 
and phosphorus. These results are corroborated with 
the results of Khafi et.al., (1997), Gupta et.al., (2000) 
and Rao (2008). 

 
Table 1. Effect of cultivars and bioregulators on yield components of chickpea. 
 
Treatments Pods/ plant Seeds/ pod Test weigh (g) 
Cultivars      

GNG-663 40.8 1.64 148.9 
GNG-469 43.9 1.62 193.6 
RSG-44 37.7 1.58 145.2 
Local  35.4 1.54 141.2 
CD (5%) 1.4 NS 5.4 
Bioregulators     
Control 37.1 1.56 155.3 
DMSO (0.0078%)  40.2 1.61 158.4 
Cycocel (0.08%)  38.4 1.58 156.5 
H2SO4 (0.1%)  42.1 1.64 158.8 
CD (5%) 1.1 NS NS 
NS= Non-significant 
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Table 2. Effect of cultivars and bioregulators on MSI, yield and harvest index of chickpea. 

Treatments Membrane Stability Index (%) 
 

Seed yield 
(q/ha) 

Straw 
yield 
(q/ha) 

Biological 
yield (q/ha) 

Harvest 
Index (%) 

I II 
Cultivars 
GNG-663 

 
81.56 

 
87.10 

 
19.49 

 
27.25 

 
46.74 

 
41.55 

GNG-469 84.94 88.95 22.19 30.83 53.02 41.81 
RSG-44 82.20 80.36 16.37 24.99 41.35 39.58 
Local  78.98 80.01 15.18 29.55 44.72 33.90 
CD (5%) 2.68 2.60 1.00 1.89 2.08 2.05 
Bioregulators        
Control 75.45 80.34 15.63 26.04 42.17 37.00 
DMSO (0.0078%)  85.91 86.47 19.14 28.28 47.92 39.75 
Cycocel (0.08%)  79.68 83.50 18.08 27.99 45.58 39.60 
H2SO4 (0.1%)  86.62 86.13 20.37 29.31 50.17 40.48 
CD (5%) 2.22 2.05 0.72 1.25 1.48 1.35 
 
 
Table 3. Effect of cultivars and bioregulators on protein content, content and total uptake of N and P of chickpea. 
 

Treatments 

Nitrogen 
content 

(%) 

Protein 
content 
in seed 

(%) 

Nitrogen 
uptake (kg 

/ha) 

Total 
Nitrogen 
uptake 
(kg /ha) 

Phosphorus 
content 

(%) 

Phosphorus 
uptake (kg 

/ha) 

Total 
phosphorus 

uptake 
(kg /ha) Seed Straw Seed Straw Seed Straw Seed Straw 

  Cultivars            
GNG-663 3.31 0.882 20.66 64.48 24.04 88.51 0.544 0.276 10.63 7.52 18.14 
GNG-469 3.36 0.926 21.02 74.65 28.56 103.21 0.564 0.289 12.49 8.92 21.41 
RSG-44 3.33 0.843 20.78 54.48 21.12 75.60 0.533 0.231 8.74 5.77 14.51 
Local  3.25 0.819 20.33 49.39 24.20 73.59 0.523 0.228 7.95 6.73 14.68 
CD (5%) 0.07 0.027 0.44 4.11 2.07 4.95 0.029 0.015 0.81 0.58 1.03 
Bioregulators             
Control 3.28 0.854 20.51 51.36 22.78 74.14 0.530 0.252 8.35 6.72 15.08 
DMSO 
(0.0078%)  3.32 0.870 20.77 63.72 25.07 88.79 0.544 0.258 10.46 7.45 17.91 

Cycocel 
(0.08%)  3.30 0.867 20.63 59.75 23.87 83.62 0.538 0.254 9.77 7.01 16.78 

H2SO4 (0.1%)  3.34 0.879 20.89 68.17 26.20 94.36 0.551 0.260 11.23 7.75 18.98 
CD (5%) NS NS NS 2.63 1.19 2.85 NS NS 0.64 0.40 0.71 
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ABSTRACT 

The study was conducted in Jhansi district of Bundelkhand region to know the adoption of scientific 
feeding practices of dairy animals. The district has been divided in 8 strata based on the animal production, milk 
production and forest cover. From each stratum, one village was selected randomly to represent the strata. 30 
respondents from different land holding categories were selected in each village by applying proportionate 
random sampling technique. The respondents were those who had at least one milch animal at the time of 
investigation. The information was collected through well structured and pre-tested interview schedule by 
interviewing 240 farmers from 8 villages. The study was conducted in Jhansi district of Bundelkhand region to 
know the level of knowledge and extent of adoption regarding scientific feeding practices. The knowledge level 
was highest (69.60%) and the extent of adoption was found to be highest (49.76%) in dry animal feeding 
practices followed by feeding of heifers i.e. 65.82 percent & 48.22 percent, and lowest was observed in the 
feeding of calves (43.08% & 32.63%).  Further it was found that large farmers possess maximum knowledge up 
to the level of 60.57 percent and lowest knowledge was possessed by medium farmers (57.17%), where as 
remaining three categories of farmers were having about 58 percent extent of knowledge in relation to scientific 
feeding practices of dairy animals. The extent of adoption was highest among small farmers category (45.85%), 
followed by large (44.60%), marginal (43.55%), medium (42.55%) and landless (40.78%). On the whole the 
respondents of the study area were having 58.66 per cent level of knowledge and 43.47% extent of adoption on 
scientific feeding practices of dairy animals. The use of localite and cosmopolite sources of information 
accelerated the adoption of scientific feeding practices of dairy animals).  

Key words: Adoption, dairy animals, farmers, feeding practices, knowledge. 

Dairy plays a prominent role in the rural 
economy in supplementing the income of rural 
households, particularly the landless, marginal and 
small farmers. It also provides subsidiary occupation 
in semi-urban areas and people living in hills, tribal 
and drought prone areas where crop output is not 
sustaining the families. According to the estimates of 
the Central Statistical Organization, the value of 
output from livestock was about Rs. 1, 73,350 crores 
at current prices in 2005-2006. Milk accounted for 68 
percent of this output. It was higher than paddy or 
wheat in terms of value of output, milk is now the 
single largest agricultural commodity in India 
(Bhasin, 2008). 

Inadequate nutrition is the single largest 
factor responsible for low milk production in animals 
of well-defined breeds in India. Several sources 
depict that there is scarcity of green fodder, dry 
fodder and commercial concentrates in the country 
due to which animals do not get adequate feeding for 
expression of their genetic potential for milk 
production (Ranjhan, 1994 and Anonymous, 1996).  
There exists a wide gap between the technology 
available with the researchers and adoption at 
farmers’ field particularly in the sphere of livestock 
feeding. This can be because of many reasons; some 
of the potential reasons are lack of efficient 
information dissemination system, lack of 
compatibility of technologies, complexity of 
technologies, and lack of observability. Due to this 
gap farmers are unable to provide balance diet to their 

animals that result in low productivity of dairy cattle 
and buffaloes. Therefore, keeping in view of the 
above situation, an effort was made through this study 
to find out the farmers’ knowledge and adoption of 
scientific feeding practices of dairy animals in Jhansi 
district of Bundelkhand region. 

MATERIALS AND METHODS 

The study was conducted in Jhansi district of 
Bundelkhand region. The district has been divided in 
8 strata based on the soil type, fertility status, milk 
production and forest cover. From each stratum, one 
village amongst the mentioned villages was randomly 
selected to represent the strata. From the each selected 
village, 30 respondents from different land holding 
categories, having atleast one milch animal were 
selected by applying proportionate random sampling 
technique. The information was gleaned through well 
structured and pre-tested interview schedule by 
interviewing 240 farmers from 8 villages.  

Knowledge was measured by developing a 
test comprising twenty questions concerning feeding 
of calves, heifer, pregnant animal, milch animal and 
dry animals as per procedural steps. In the knowledge 
test, there were twenty multiple choice questions, the 
score for each most appropriate correct answer is 
three, two and one, and zero for the incorrect / wrong 
answer. Thus maximum obtainable score of 
knowledge was 60, whereas minimum could be zero 
and knowledge was calculated by following formula. 
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Knowledge index =      Obtained score  X 100 
                                      Maximum possible score  
  

The extent of adoption of scientific feeding 
practices was measured by developing a schedule 
comprising twenty important scientific practices 
concerning feeding as given in knowledge. The score 
for each most appropriate correct answer is three, two 
and one, and zero for the incorrect / wrong answer. 
Thus maximum obtainable score of adoption was 60, 
whereas minimum could be zero and extent of 
adoption was calculated by following formula: 
 
Extent of Adoption =      Obtained score  X 100 
                                      Maximum possible score   

RESULTS AND DISCUSSIONS 

(a) Feeding of Calves  
  The marginal farmers had more knowledge 
(46.83%) and more adoption (35.42%) whereas, 
medium, landless and small farmers had about 43.00 
percent of knowledge and 26.83 percent, 34.00 
percent and 34.42 percent adoption respectively on 
calves feeding (table -1&2). Large farmers had only 
38.83 per cent of extent of knowledge and 32.50 
percent extent of adoption. The pooled extent of 
knowledge of the respondents was observed 43.08 
percent on calves feeding practices in the study area. 
It was observed that respondents had poor knowledge 
about colostrum feeding and quantity of milk to be 
fed to newborn calves. Calf rearing is ignored in this 
part of the country; this may be because of lack of 
knowledge about long-term benefits of calf rearing.  

(b) Feeding of Heifers  
A glance at the figures presented in table-1 

revealed that farmers were having 65.82 percent of 
knowledge on the feeding practices of heifers. Land 
less and marginal farmers were having 70.50 and 
67.92 percent knowledge. Whilst comparatively less 
extent of knowledge (61.83%) was observed among 
the medium farmers. Table-2 shows that extent of 
adoption was highest in landless (50.00%), followed 
by small (49.58%), marginal (48.5%), medium 
(47.08%) and large (45.92%). These findings lead one 
to conclude that landless and marginal farmers were 
having more knowledge and adoption as compared to 
large and medium farmers. During the investigation it 
was found that large and medium farmers were 
leasing out their heifers to small and marginal farmers 
on contract basis. The possible reasons for this 
leasing out of heifers may be lack of labour 
availability and less marginal utility as perceived by 
large and medium farmers in heifer rearing 

(c) Feeding of Pregnant Animals 
The knowledge on feeding of concentrate to 

advanced pregnant animals and extent of adoption 
was comparatively less. Further, the data presented in 
table -1 revealed that large and small farmers had 
57.08 and 55.17 per cent knowledge on feeding of 

pregnant animal whereas, land less (51.92%) and 
marginal (52.00%) farmers had comparatively less 
knowledge. The figures in table -2 show that large 
and medium farmers had 41.08 and 40.42 per cent 
extent of adoption. During the data collection it was 
observed that large and small farmers concentrated 
their mind on feeding of advanced pregnant animals 
and mostly stall feeding was used to feed the 
concentrate to their pregnant animals.     

 (d) Feeding of Animals in Milk 
Most of the farmers possessed good knowledge about 
feeding of concentrate to milking animals. Feeding 
different combination of dry fodder, green fodder, 
mustard cake, barley/wheat flour and common salt 
was fed to these animals. Not even a single farmer 
was aware of knowledge about feeding of mineral 
mixture. Large and small farmers were having 68.50 
and 62.75 per cent extent of knowledge on feeding 
practices of milking animals. Marginal (57.42%) and 
land less (57.67%) farmers had comparatively less 
knowledge about the feeding of these animals (table-
1). Table -2 shows that the extent of adoption was 
highest among large farmers (51.67%), followed by 
small (47.92%), medium (45.67%), marginal 
(44.08%) and landless (39.08%). The possible reason 
for the low adoption by the landless may be the 
resource poor nature of the landless. 

(e) Feeding of Dry Animals 
Table -1 revealed that respondents of Jhansi 

district were having 69.58 per cent extent of 
knowledge in relation to feeding practices of dry 
animals.  Large farmers had highest knowledge 
(74.17%) whereas landless farmers had lowest 
knowledge (67.33%)  about feeding of dry animals. It 
was justified that same results were observed in case 
of feeding of milking animals. The extent of adoption 
as observed in table 2 was highest in medium 
(52.75%), followed by small (52.33%), large 
(51.83%), marginal (49.58%) and landless (42.33%). 

On the whole it could be stated that the 
respondents of the study area were having 58.66 per 
cent extent of knowledge and 49.76 percent extent of 
adoption of scientific feeding practices of dairy 
animals. The results indicated that large farmers hold 
60.57 percent knowledge where as remaining four 
categories of farmers were more or less having equal 
extent of knowledge in relation to feeding practices of 
dairy animals. The findings are contradictory with the 
findings of Sankhala, et.al. (2000) as they revealed 
that majority of dairy farmers belonged to low level 
of knowledge and having 28.70 percent extent of 
knowledge on feeding practices to dairy animals.  

2. Correlation analysis of selected independent 
variables with knowledge and adoption 

The correlation analysis (table 3), revealed 
that the variables such as mass media exposure and 
use of localite source of information had positive 
correlation coefficient with knowledge and adoption. 
The increasing use of mass media exposure and 
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personal localite source of information might be 
responsible for increasing the knowledge which leads 
adoption of feeding practices of dairy animals. 
Similarly, the knowledge and adoption of feeding 
practices of dairy animals depends to a great extent to 
risk orientation and attitude toward dairy farming. 
The attitude exhibited significant and positive 
relationship with knowledge and adoption of 
improved feeding practices of dairy animals. These 
findings were similar to the observation made by 
Tripathi, et.al (1995), they reported that Knowledge 
was highly correlated with attitude of the respondents 
towards dairy farming. Knowledge was directly 
related to adoption (0.8470) hence, increase in 
knowledge will speed up the adoption process.   

The respondents of the study area had good 
knowledge as well as more adoption of feeding 
practices of dairy animals.  Further large farmers 
possessed more knowledge and adoption whereas 
remaining four categories of farmers had more or less 
equal knowledge and adoption in relation to scientific 
feeding practices of dairy animals. To enable the 

farmers to adopt scientific feeding practices of dairy 
animals, it is worth to increase the risk taking ability, 
favourable attitude towards dairy farming, mass 
media exposure and source of information. Hence it is 
recommended that awareness campaigns on scientific 
feeding practices may be carried out in the study area. 

CONCLUSIONS 

The respondents of the study area had good 
knowledge as well as more adoption of feeding 
practices of dairy animals.  Further large farmers 
possessed more knowledge and adoption whereas 
remaining four categories of farmers had more or less 
equal knowledge and adoption in relation to scientific 
feeding practices of dairy animals. To enable the 
farmers to adopt scientific feeding practices of dairy 
animals, it is worth to increase the risk taking ability, 
favourable attitude towards dairy farming, mass 
media exposure and source of information. Hence it is 
recommended that awareness campaigns on scientific 
feeding practices may be carried out in the study area. 
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ABSTRACT 

A study was conducted among 120 farmers sampled from four district representing irrigated mustard 
eco-system, rainfed low land eco-system, dry land and upland eco-system in the Pali district of Rajasthan state. 
Indigenous practices related to mustard cultivation were documented using open-ended questions developed in 
the form of check list. Findings of the study revealed that summer ploughing (79%) and in-situ burning of 
mustard stable (38.33%); growing green manures in summer (75.00%); placing weight on soaked seed (48.33%) 
were some of the traditional practices frequently done by the large number of farmers for the activities like land 
preparation, green manuring and seed treatment respectively. The study further revealed that farmers sowed 
mustard seed in furrow methods mainly in the barani kheti. Most common practices related to management of 
insect pest, rodents and birds were dusting of ash (37.50%), tying white flags in the mustard fields to scare 
rodents (45.83%) and use of polythene cover (65.83%). Similarly, on the aspects of post harvest management it 
was found that ‘Mara’ was used by number of sampled farmers (95.83%). 

Key words: Indigenous, barani-kheti, traditional. 

In recent years there has been a growing scientific 
interest in locally developed farming systems and 
technologies. The traditional practices that rely on 
indigenous knowledge are considered productive, 
sustainable, stable and equitable. Moreover as 
indigenous knowledge is passed on from one 
generation to another by word of mouth in most cases 
unless conscious efforts are made to collect and 
document them, valuable information may be lost. 
There is a need for the systematic documentation of 
farmers’ traditional knowledge into an “information 
bank” from which agronomists, extension workers 
and other farmers can draw enlightenment and 
insight. However, collection and documentation of 
these practices is not the only requirement. This in 
fact many not take us very far unless the scientific 
rationale behind each of the traditional practices is 
probed into (Talwar and Singh, 1993). In this study, 
indigenous practice was operationally defined as 
resource saving, site-specific, farmers-devised 
technologies, experimented and adopted by 
themselves, which is simple to practice, flexible to 
use and sustainable in efficient. In this context, the 
present study was taken up to document the 
indigenous practices of mustard growers and to 
analyze the rationale behind the practices of 
indigenous technologies by the mustard growers. 

MATERIALS AND METHODS 

Four districts representing different eco-
systems viz., Alwar district for irrigated mustard eco-
system, Pali district for rainfed low land eco-system, 
Udaipur district for dry land and Sirohi district for 
upland eco-system were purposely selected. From 
each of the identified district, one block was 
purposely selected based on the area under mustard 
cultivation. From each block, one gram panchayat 
was chosen and from each gram pachayat, 30 mustard 

growers were selected randomly for the study. Thus, a 
total of 120 farmers from four eco-systems 
constituted the sample. In the information sought, 
some items are mutually exclusive while the ITK 
practices have from none to single, double and 
multiple choices. 

RESULTS AND DISCUSSION 

Indigenous practices followed by mustard growers 
with respect to land preparation 
 In the case of land preparation, 37.50 per 
cent of the farmers were burning previous crop 
stubbles as depicted in Table1. 

It was practiced to get rid of weeds, killing 
soil borne insects and pathogens, to 
eliminate/eradicate non-crop plants in the field and to 
enrich soil nutrients potassium. The fact is that the 
soil burning was a practice to clean field in short time. 
About 79.17 per cent of the farmers practiced summer 
ploughing in the summer fallows. Farmers believed 
that resting stages of insects and pathogens get 
destroyed when exposed to sunlight, weed growth 
could be eliminated by deep and frequent summer 
ploughing and hardening of laterite soil with the 
result of moisture reduction, deep ploughing loosen 
the soil and help in soil moisture conservation. 
 In the irrigated mustard eco-system, one can 
observed the mustard fields with quite a number of 
bunds across the slop. This practice was followed by 
15.83 per cent of the mustard growers. The mustard 
grown in irrigated situation is based on flooding. 
Hence, the runoff of the water was checked using 
small bunds at short intervals. The findings confirmed 
with findings of Karthikeyan, et al. (2006). 
Indigenous practices followed by mustard growers 
with respect to green manure and farm yard 
manure 
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 From Table 2, it can be observed that 
growing green gram manure crops in summer was 
practiced by 75.00 per cent of the farmers. After 
harvesting, the crop stubbles are incorporated into the 
soil. 

This practice helps in utilizing the residual 
moisture for decomposition to form organic matter, 
loosening the soil structure and enhancing the soil 
fertility by nitrogen immobilization. Incorporation of 
green leaves during pudding like thick leaves of 
sunnhemp, dencha, pesonpea and green gram was 
practiced by 37.50 per cent of mustard growers with 
belief that it would improve the soil structure, texture 
and soil fertility and also minimize the toxic residual 
effects. Some green leaves may also have anti-
insecticide and anti-fungicidal properties. Farm yard 
manure application was followed by 53.33 per cent of 
the farmers. The reasons cited were that it would 
improve the soil structure, soil tilth and soil fertility 
and increase the moisture infiltration and microbial 
activities as well as add the essential micronutrients to 
the soil. The findings confirmed with the findings of 
Prasad (2009). 
Indigenous practices followed by mustard growers 
with respect to seed and seed treatment 
 Table 3 reveals that about 22.50 per cent of 
the mustard growers practiced selection of early 
matured early pods. The farmers believe that early 
matured pods collected from healthy tillers will be 
free from pests. 

  Local varieties were used by 20.83 per cent 
of the farmers. The reasons may be that these were 
found to be resistant to common pests and diseases, 
tolerant to irregularities of irrigation, tastier than that 
of high yielding varieties and good quality mustard 
straw with better yield. Soaking of mustard seeds in 
water for better germination was practiced by 30.00 
per cent of the farmers. Water is the most important 
requirement for germination of mustard seed. Soaking 
of seeds was practiced to remove the hardness of the 
seed coat, which can enhance the germination 
percentage. 
 Placing weight on soaked seeds in gunny 
bags was practiced by 48.33 per cent of the growers 
of mustard. According to farmers, soaked seeds of 
mustard under pressure generates heat and hastens the 
germination process. The rate of all bio-chemical 
reactions increases with the increase in temperature. 
Mechanical pressure created within the gunny bag 
helps the plumules to emerge during germination. 
Soaking mustard seeds in cow dung slurry was 
practiced by 32.50 per cent of the farmers. Farmers 
presume that it increased germination, protect the 
seeds from pests in the field, absorb the nutrients 
present in it and also act as a booster dose for seeds. It 
has anti-insecticidal and fungicidal properties also.  
Indigenous practices followed by mustard growers 
with respect to sowing and field preparation 
 In the Table 4, it was mentioned that sowing 
practices of seeds in furrow for better germination in 

rainfed condition was followed by 46.67 per cent of 
the mustard growers. The reasons is that they believe, 
that crops sown during the September better yield, 
less insects and diseases incidence may also help to 
take up subsequent crops on time. Furrow sowing of 
seed opposite to sun light was followed by 16.67 per 
cent of the farmers. This practiced minimize damage 
occurring due to strong sun light on the field and also 
to avoid burning of seedling. 
Indigenous practices followed by mustard growers 
with respect to control of pests 
 The data in Table 5 depict the method 
followed to control insects’ pests, rodents and birds 
menace spraying of soap water was practiced by 
08.33 per cent of the farmers. It helps to control the 
mustard saw fly. Indigenous way of controlling the 
insect by keeping pests of ladybird beetles was 
practiced by 04.67 per cent of the farmers. 

 The ladybird beetles are found to control 
insects like mustard aphids saw fly, leaf rollers and 
hoppers biologically. Thus, it is an effective 
biological control for a short-term basis. Pulling ropes 
dipped with kerosene over the crop was followed by 
07.50 per cent of the farmers. A long rope covering 
the size of the individual mustard plots was dipped in 
kerosene. This kerosene rope was held by two persons 
across the plot of the mustard field and it was dragged 
to smear the crop from one end to other end. The 
caterpillars and other small insects holding on the 
crop will fall unconscious due to small and contact of 
kerosene. This practice was followed when mustard 
field was irrigation with water for insects to drain off. 
 The practice of placing spider web in the 
mustard field was followed by 08.33 per cent of the 
farmers. Spiders’ predators on several insects like leaf 
eaters, caterpillars, beetles leaf hoppers and act as a 
biological control. Control of pest by use of broom 
made out of different plant twigs was practiced by 
10.83 per cent of the mustard growers. This practice 
will remove the larva and small insects, which are 
clinging to crop. About 12.50 per cent of the farmers 
practiced spraying of garlic and asafetida solution to 
control bug infection.  Practice of keeping lime, 
groundnut cake, neem cake over bunds followed by 
16.67 per cent of the farmers. It may help to control 
the crabs in the mustard field. Dragging thorny plant 
branches over the crop practice was followed by 
15.00 per cent of the farmers. The thorny branches of 
stern like khejari helped in removing the larva and 
other small insects infecting the crop mechanically. 
Neem cake application was practiced by 17.50 per 
cent of the farmers. Neem cake is known as high 
value manure that also possesses good insecticidal 
properties. 
 Practice of keeping kerosene soaked gunny 
bags at water inlets was followed by 16.67 per cent of 
the farmers. This practice was also helpful in 
controlling mustard aphids as in the case of spraying 
the crop with soap water. Kerosene acts mainly as a 
repellent for aphids. Ash dusting practice was 
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followed by 37.50 per cent of the mustard farmers. 
The ash dust was able to control all type of insects 
affecting the mustard crop. Sometimes this was more 
effective than chemical sprays. For the control of 
mustard aphid ash was more effective than sprays.  
 Fixing coconut petiole inverted was 
practiced by 04.17 per cent of the farmers. The 
coconut petiole fixed inverted on the ground 
resembles the shape of the owls from the distance this 
makes the rats to get alight. Strong and well plastered 
bunds in the mustard field with less width were 
followed by 07.50 per cent of the farmers. Usually 
rodents make burrows in the bunds. So a strong and 
well-plastered bund keeps off the rodents from 
burrowing. Bunds with less width will be difficult for 
rodents to make burrow because water will enter into 
the holes. Blowing smoke in front of rodent holes was 
done by 15.00 per cent of farmers. Rodents get killed 
due to fumigation and suffocation inside the burrow 
in this method. 
 About 20.83 per cent of the farmers practice 
bait for natural death using Glyricidium sepium which 
seems to result in natural death and hence do not give 
rise any suspicion among the other rats. Hence, even 
after the death some other rats also consume this 
poison without any suspicion. Thus the population of 
rats gets reduced in the mustard field. The crushed 
leaves and seeds of Glyricidium sepium are used with 
mustard in the ratio of 1:1 proportion. Fixing of white 
flags in field was followed by 45.83 per cent of the 
mustard growers. White colour scares some of the 
animal pests. A few 06.67 pre cent farmers used old 
and discarded audio and videotapes tied to mustard 
field across borders of bunds to scare the birds. The 
shining and vibration of audiotapes and videotapes 
during sunshine and also flutter sound might scare the 
birds from the field. 
 Use of crackers for scaring birds was 
followed by 10.00 per cent of the mustard growers. 
Cracker sound is effective to scare for birds and 
rodents from approaching the mustard field. This was 
done at germination stage after sowing and grain 
maturing stage. 
About 15.00 per cent of the farmers practiced fixing 
of human scare-crows in the field. It is tied to a long 
pole and placed in the fields in order to scare birds at 
field preparation and seed ripening stage. It serves as 
visual frighteners. The practice of tying of used 
polythene cover to stick and placed at the mustard 
field was followed by 65.83 per cent. With the blow 
of wind the polythene sheet flaps and flutters and the 
sound produced wards off birds by scaring them. The 
findings are confirmed with the findings of Jagadish, 
et al. (2009). 
Indigenous practices followed by mustard growers 
with respect to post harvest 
 The findings in Table 6 reveals that 
threshing of mustard bundles manually by using 
wooden blocks or benches was practiced by 33.33 per 
cent of the mustard growers. It is a method of 

mechanically separating seed from the pods, 
developed by their own invention.  

Use of stone roller and cattle for threshing 
was followed by 05.00 per cent of the farmers to get 
the remaining seed separated from the pods after 
manual threshing. Mara for winnowing practice was 
followed by 95.83 per cent of the mustard growers 
Mara is made out of locally available bamboo and is 
very light in weight. Thus, it is easy lo lift do 
winnowing operation. Hence, followed by most of the 
farmers of mustard growers  Meti was used to 
separate mustard pods from the grains by 37.50 per 
cent of the farmers. It is made of bamboo stick with a 
metal hook, easy to handle, amidst heap of straw on 
the threshed mustard to separate the pods from the 
mustard grains and reduces drudgery and increases 
efficiency. Seed drying-shrunken embryo was 
practiced by 50.00 per cent of farmers. It is a 
technique where the seeds are exposed to different 
climate, three dews (nights) and corresponding three 
days successively. This practice may help farmer for 
longer storage of the seeds either for future sale or 
letter consumption. If the seeds are not properly dried, 
there is a chance of damage of grains due to 
dampness, or infection and pests attack. In case of 
some traditional varieties which are cultivated only 
once in a year, the seeds are renewed by this process. 
The findings confirmed with the findings of Deepesh, 
et al. (2005). 
Indigenous practices followed by mustard growers 
with respect to storage 
 Delay in storing of grains after drying was 
followed by 25.00 per cent of the farmers. Farmers do 
not store grains as soon as they dried in sunlight. 
Table 7 explains that bamboo basket, Kheep, earthen 
pot and gunny bags for storage was adopted by 75.00 
per cent of the farmers. The reasons may be that the 
materials are easily available, cheap and can be 
shifted from place to place. It maintains good aeration 
during storage. Bamboo and cowdung are believed to 
have some insect repellant properties. Therefore, the 
farmers store grains in bamboo baskets plastered with 
cow dung. It is thought that if the grains are stored 
immediately after sun drying there will be steaming 
effect. This may lead for accumulation of moisture in 
the stored grains causing fungal infection. Use of 
neem and Dhatura leaf to control storage pests was 
practiced by 77.50 per cent of the farmers. The leaves 
of these plants may act as an insect repellent.  

CONCLUSION 

 It can be concluded from the above 
discussion that, the indigenous agricultural practices 
followed by the mustard growers were fairly good. 
Agricultural Universities should rationalize and 
standardize these practices which are eco-friendly, 
low cost and easily manageable. Further, it needs 
popularization by the state department of agriculture, 
state agriculture universities and other concerned 
departments. This study may motivate the researchers 
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to take up such studies with respect to different crops 
and in other areas so that in future a compendium of 

ITK could be developed in general in the field of 
agriculture. 

 

Table 1: Indigenous practices followed by mustard growers with respect to land preparation 
   

Practices Frequency Per cent 
Burning of previous crop stubbles-in situ 46 38.33 
Summer ploughing  95 79.17 
Small section bunds at shorter intervals 19 15.83 
 
Table 2: Indigenous practices followed by mustard growers with respect to green manure and farm yard manure 
  (N=120) 

Practices Frequency Per cent 
Growing green manure crops in summer  90 75.00 
Incorporation of green leaves during harrowing  45 37.50 
Applying farm yard manure 64 53.33 
 
Table 3: Indigenous practices followed by mustard growers with respect to seed and seed treatment 
  (N=120) 
Practices  Frequency Per cent 
Selection of early matured plants  30 25.00 
Use of local varieties  25 20.83 
Soaking of mustard seeds in water for germination 36 30.00 
Placing weight on soaked seeds 58 48.33 
Soaking mustard seeds in cow dung slurry  39 32.50 
 

 
Table 4 Indigenous practices followed by mustard growers with respect to sowing and field preparation 
  (N=120) 
Practices  Frequency Per cent 
Sowing practices of seeds in furrow for better germination 56 46.67 
Sowing seeds apposite to sun light  20 16.67 
 
Table 5: Indigenous practices followed by mustard growers with respect to control of pests 
  (N=120) 
Practices Frequency Per cent 
Insect pests 
Spraying of soap water  10 08.33 
Placing nest of ladybird beetles  05 04.67 
Pulling ropes (lipped in kerosene) 09 07.50 
Encouraging of spider web  10 08.33 
Broom –plant twigs 13 10.83 
Spraying garlic and asafetida solution 15 12.50 
Keeping lime, groundnut and neem cakes on bunds 20 16.67 
Dragging thorny (khejari) 18 15.00 
Application of neem cake 21 17.50 
Keeping kerosene soaked gunny bags 20 16.67 
Dusting of ash 45 37.50 
Rodents 
Fixing coconut petioles inverted  05 04.17 
Strong and well plastered bunds 09 07.50 
Smoke if front of rodent holes  18 15.00 
Bait for natural killing (Glyricidiun ) 25 20.83 
White flag in field to scare the rodents 55 45.83 
Use of audio-videotapes 08 6.67 
Use of crackers  12 10.00 
Human scare-crows in mustard field  18 15.00 
Use of polythene covers tying to stick 79 65.83 
 
Table 6: Indigenous practices followed by mustard growers with respect to post harvest  
  (120) 
Practices  Frequency Per cent 
Threshing of mustard bundles 40 33.33 
Stone roller for threshing  06 05.00 
Mara for winnowing  115 95.83 
Meti for separating mustard straw 45 37.50 
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Seed drying shrunken embryo 60 50.00 
 
Table 7 Indigenous practices followed by mustard growers with respect to storage 
Practices  Frequency Per cent 
Bamboo basket, Kheep, earthen pot and gunny bags 90 75.00 
Delay in storing the grains  30 25.00 
Use of neem and Dhatura leaves 93 77.50 

REFERENCES 
Balmatti, A. (2000). Indegenous technologies in agriculture 

cropping system in North Karnataka. M. Sc. Thesis 
(Unpublished), UAS, Dharwar. 

Deepesh, P.C., Bhagat, R. and Rao, D.U.M. (2005). 
Indigenous knowledge of Kaippad Rice Agro-
ecosystems. Indian Journal of Extension Education, 
Vol.41 (1&2):74-75. 

Jagdish, K.N., Nanjappa, D. and Narasimha, N. (2009). 
Indigenous practices followed by paddy growers. 
Indian Journal of Extension Education, Vol. 45 
(1&2):73-78. 

Karthikeyan, C., Veeragavathatham, D., Karpagamand, 
S. and Firdouse, S.A. (2006). Indigenous low cost 

technologies for sustainable dry land agriculture. 
Indian Journal of Extension Education, Vol. 42 
(3&40:27-31. 

Prasad, M.V. (2009). Indigenous knowledge use in maize 
cultivation in Andra Pradesh. Indian Research 
Journal of Extension Education, Vol.9 (1):65-68. 

Talwar, S. and Singh, Y.P. (1993). In search of wisdom 
among the farmers of arid agriculture documentation 
and analysis. Paper presented at National Seminar 
on Indigenous Technologies for Sustainable 
Agriculture, held at IARI, Pusa New Delhi.

 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

110 
 

Crop loan- a platform for improving the farmers conditions - A perceptual study 
 

1 SHASHIKANT DIVAKAR AND 2 M. JAGAN MOHAN REDDY 

1 M.Sc (Ag) Student, 2 Associate Professor 
Depart. of Agril. Ext., COA, Rajendranagar, ANGRAU, Hyderabad  

Received: Nov., 2013 
 Accepted: Jan., 2014 

ABSTRACT 

 The present paper focused on ascertaining how the crop loan facilitates in improving the farmers 
conditions. It is understood from the study that majority of the respondents (61.87%) possessed low social 
improvement, low economic improvement (65.00%), low level of improvement in productivity in paddy crop 
(60.62%), low improvement in human capital (73.75%). It was observed from  rank ordering of statements on 
improvement in social condition that, majority of respondents possessed increased social contact after getting 
crop loan (rank I) followed by recognition by other farmers (II), recognized as an opinion leader (III), 
membership in one organization (IV) and membership in more than one organizations. It was observed that rank 
ordering of statements on human capital that, majority of the respondents followed balanced diet (I) followed by 
status of purchasing power (II), medical treatment availed (III), means of transport in case of emergency (III) and 
Family education status rank (IV). 

Key words: Loan, medical, social, emergency. 

Agricultural credit has played a vital role in 
supporting farm production in India. Though the 
outreach and amount of agricultural credit have 
increased over the years, several weaknesses have 
crept in, which have affected the viability and 
sustainability of these institutions. Following the shift 
from cereal to non-cereal products, a silent 
transformation is taking place in rural areas calling 
for diversification in agricultural production and 
value addition processes in order to protect 
employment and income of the rural population. Crop 
loan directly or indirectly benefits to improve the 
living condition of farmers. It acts as an impact for 
uplifting his profit. Hence the present paper focussed 
on studying how crop loan facilitates to improve 
various conditions of the farmers. 

MATERIAL AND METHODS 

Ex-post-facto research design was adopted for the 
study. The State of Bihar was selected purposively for 
the study. The Samastipur district of Bihar was 
selected randomly for carrying out the study. Two 
blocks ( Pusa and Khanpur) of the district and from 
each block four villages were selected randomly. 
Thus, a total of eight villages were selected for the 
investigation. From each selected village 20 
respondents were selected randomly thus constituting 
160 respondents for the study. The indicators selected 
to study the role of crop loan in enhancing living 
condition of farmers are socio-economic conditions, 
productivity achieved in the selected crops and human 
capital. The respondents were asked to elicit the 
improvement on all these indicators after availing the 
crop loan. 

RESULTS AND DISCUSSION 

Level of improvement in social condition due to 
availing crop loan 

The results presented in the Table 1 indicated 
that, majority of the respondents (61.87%) possessed 
low social improvement followed by medium 
(31.25%) and high (6.87%) social improvement. 
Improvement in social well being of a farmer was 
influenced by multifaceted factors. The role of crop 
loan in improvement in social condition has to be 
seen over a long period of time which was not 
possible instantly. It was observed from the Table 2 
that, majority of respondents possessed increased 
social contact after getting crop loan (rank I) followed 
by recognition by other farmers (II), recognized as an 
opinion leader (III), membership in one organization 
(IV) and membership in more than one organizations. 
 Further, Table 2 indicated that, farmers 
increased their social contacts with their fellow 
farmers, neighbours and relatives. They have been 
identified by the fellow farmers as the avail of crop 
loan may influence other farmers. 
Level of improvement in economic condition due 

to availing crop loan 
Table 3 indicated that, majority of respondents 

(65.00%) possessed low economic improvement 
followed by medium (25.62%) and high (9.37%) 
economic improvement. This was due to the reason 
that crop loan alone does not make significant 
economic difference in terms of purchase of new 
additional land, equipment, sprayers etc. The crop 
loan was invested on activities like hiring charges, 
wages etc. which can not directly contribute to the 
economic improvement. 
Level of improvement in productivity in paddy 
crop due to availing crop loan 

It was observed from the Table 4 that, majority 
of the  respondents (60.62%) possessed low level of 
improvement in productivity followed by medium 
(25.62%) and high (13.75%) improvement in 
productivity. Productivity was governed by various 
agronomic practices and other biotic and non-biotic 
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factors. So crop loan solely can not contribute much 
in increasing the productivity. 
Level of improvement in human capital due to 
availing crop loan 

The results presented in the Table 5 indicated 
that, majority of the respondents (73.75%) possessed 
low improvement in human capital followed by 
medium (22.50%) and high (3.75%) improvement in 
human capital. The improvement in human capital in 
terms of nutrition, health, transport facilities, 
education and purchasing power were not much 
pushed by the investment through crop loan.  

It was observed from the Table 6 that, majority 
of the respondents possessed balanced diet (rank I) 
followed by status of purchasing power (II), Medical 
treatment availed (III), Means of transport in case of 
emergency (III) and family education status (IV). As 
the loan amount borrowed was used for raising the 
crops and getting some income out of it might have 
generated the result on improvement in balanced diet 
and purchasing power. 

CONCLUSION 

It could be understood from the study that 
majority of the respondents (61.87%) possessed low 
social improvement, low economic improvement 
(65.00%), low level of improvement in productivity 
in paddy crop (60.62%), low improvement in human 
capital (73.75%). It was observed from  rank ordering 
of statements on improvement in social condition 
that, majority of respondents possessed increased 
social contact after getting crop loan (rank I) followed 
by recognition by other farmers (II), recognized as an 
opinion leader (III), membership in one organization 
(IV) and membership in more than one organizations. 
It was also observed from rank ordering of statements 
on human capital that, majority of the respondents 
followed balanced diet (I) followed by status of 
purchasing power (II), medical treatment availed (III), 
means of transport in case of emergency (III) and 
Family education status rank (IV). 

 
Table 1 Distribution of respondents according to their Social improvement 

         n=160 

Social  improvement Frequency Percentage 

Low (1-2) 99 61.87 

Medium (2-3) 50 31.25 

High (3-4) 11 06.87 

 
Table 2 Rank ordering of statements on Social improvement 

n=160 

Statement F % Rank 

Recognition by other farmers 100 62.50 II 

Increased social contacts 117 73.12 I 

Recognized as opinion leader 46 28.75 III 

Membership in one organization 20 12.50 IV 

Membership in more than one organization 12 7.50 V 
 
Table 3 Distribution of respondents according to their economic improvement 

          n=160 

Economic improvement Frequency Percentage 

Low (1-3) 104 65.00 

Medium (3-5) 41 25.62 

High (5-7) 15 09.37 

 
Table 4 Distribution of respondents according to their improvement in productivity  

n=160 

Productivity  Frequency Percentage 

Low (1-2 Q/ha) 97 60.62 

Medium (2-3 Q/ha) 41 25.62 

High (3-4 Q/ha) 22 13.75 
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Table 5 Distribution of respondents according to improvement in human capital 
n=160 

Impact on human capital Frequency Percentage 

Low (7-9) 118 73.75 

Medium (9-11) 36 22.50 

High (11-13) 6 3.75 

  
 

Table 6 Rank ordering of statements on human capital 
n=160 

Statement 
Great Extent Somewhat Extent Less Extent Total 

score 
Mean 
score Rank 

F % F % F % 

Medical treatment availed 20 12.50 40 25.00 100 62.50 240 1.50 III 

Means of transport in case of emergency 25 15.62 30 18.75 105 65.62 240 1.50 III 

Access to balance diet 55 34.37 15 9.37 90 56.25 285 1.78 I 

Family education status 8 5.00 12 7.50 140 87.50 188 1.17 IV 

Status of purchasing power 34 21.25 16 10.00 110 68.75 244 1.52 II 
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ABSTRACT 

The shortage of forage and feeds in Kerala is mainly due to the very limited area available for 
fodder cultivation. The only possibility is to increase productivity from unit area and so a possible 
measure is to raise fodder as intercrop in the existing cropping system of the state. Field experiment 
was conducted in the upland area of the Instructional Farm of College of Agriculture, Vellayani, 
Thiruvananthapuram, Kerala, India. Three levels of shade (0, 25, 50%), three levels of potassium 
(50,100,150 kg/ha) and two varieties of guinea grass (Hamil and Haritha) were combined to form 
eighteen treatment combinations. Shade levels and potassium significantly influenced the green fodder 
yield. The response of guinea grass to potash was found to be more in higher light intensity. 
Application of 150 kg k2o ha-1 (k3) recorded significantly higher green fodder yield. Uptake of N,P and 
K were significantly higher in open(So) condition and at the highest level of K(150kg/ha). Application of 
100kg k2o/ha resulted in highest net returns and B: C ratio in open condition. 

Key words: Guinea Grass, Green fodder yield and Nutrient uptake.     

In Kerala, forage crops are grown throughout 
the year in all the three seasons. The availability of 
land for fodder cultivation is very less due to 
fragmentation of the land and also shift in the 
cropping pattern from food to cash crops. The land 
devoted for fodder cultivation in the state is very 
negligible. Only 1% of the cultivable area is used for 
fodder cultivation, ie 5395 ha (Government of Kerala, 
2011).The shortage of forages and feeds in our 
country is mainly due to the very limited area 
available for fodder cultivation. The only possibility 
is to increase productivity from unit area and so a 
possible measure in Kerala is to raise fodder as 
intercrop in the existing cropping system of the state. 
Experiments conducted in All India Co-ordinated 
Research Project on Forage crops, Vellayani showed 
that guinea grass is a suitable fodder crop for inter 
cropping in coconut gardens. But its fodder yield is 
highly varying under partial shade. Shading has both 
direct and indirect effects on forage production in that 
it can alter morphological development and yield 
(Kephart and Buxton, 1996). Application of 
potassium to the plants in absence of adequate K will 
counteract the ill effects of too much nitrogen, 
increase rate of photosynthesis, improve overall yield 
potential and quality, and have a balancing effect on 
both N and P (Phillips and Kee, 1998). Jacob (1999) 
reported that potassium@50 kg ha-1 increased the 
uptake of N, P and K in congosignal grass 
(Brachiaria ruziziensis).  Meerabai et al. (1993) 
obtained maximum response for green fodder yield 
for potassium up to 90 kg ha-1 for guinea grass 
(Panicum maximum). 

MATERIALS AND METHODS 

Field experiment was conducted in the   upland area 
of the Instructional Farm of College of Agriculture, 

Vellayani, Thiruvananthapuram, Kerala, India. The 
farm is located at 8.50N latitude and 76.90E longitude 
at an altitude of 29 m above mean sea level. The 
average rainfall is 151 cm distributed over a period of 
107 days. The rainfall from South West and North 
East monsoons are received in plenty and the period 
from November to April is mildly hot. The humidity 
is 80-85 percent and the area receives on an average 
10 hours of sunshine per day. The mean maximum 
and minimum temperature recorded during the 
cropping season ranged from 26.090C to 30.970C and 
20.090C to 25.170C respectively. The soil of the 
experimental site was red sandy clay loam (Oxisol, 
Vellayani series) with PH 5.5, having available N 282 
kg ha-1, available P2O5 24.8 kg ha-1 and available K2O 
180.96 kg ha-1.  
     The experiment was laid out in split split plot 
design with 3 replications.  

Three levels of shade (0, 25, 50%), three 
levels of potassium (50,100,150 kg/ha) and two 
varieties of guinea grass (Hamil and Haritha) were 
combined to form eighteen treatment combinations. 
The recommended dose of K2O for guinea grass is 50 
Kg/ha (KAU, 2006). Shade levels were maintained by 
using shade nets. FYM@10t/ha was applied 
uniformly to all the plots at the time of final 
preparation of land. Entire dose of phosphorus was 
given as basal @50kg/ha. Nitrogen@200 kg/ha was 
given in two equal splits one as basal and one after 
the second harvest. Healthy slips of guinea grass 
varieties as per treatments were plated at 40×20 cm 
spacing @2slips/hill. Harvesting of the crop was done 
at a height of 15 cm from the base. Six cuts were 
taken, starting with the initial cut  at 45 days interval. 
Six observational plants were selected from each plot 
and observations were taken on green fodder yield 
and uptake of N, P, K were also estimated. The green 



Journal of Progressive Agriculture, Vol.5, No. 1: April, 2014 

114 
 

matter yield from the net plot area was recorded after 
each harvest and the total green fodder yield in t ha-1 
for the entire year was worked out. The nitrogen 
content was estimated by modified microkjeldal 
method (Jackson, 1973). Phosphorus content was 
determined by Vanedomolybdo phosphoric yellow 
color method using spectrophoto meter (Jackson, 
1973). The potassium content in the plant samples 
were estimated using Flame Photometry (Jackson, 
1973). 

The economics of cultivation was worked 
out based on cost of cultivation  
and prevailing market price of the fodder. The net 
income and benefit: cost ratio was calculated as 
follows. 
 
Net income (Rs. ha-1) = Gross income-Total 
expenditure 
Benefit: Cost ratio = Gross income/ Total expenditure

  
Table 1. Effect of shade levels, varieties and potassium on yield, uptake of nutrients and net returns of 
guinea grass. 

Main effects of 
factors 

Green fodder 
yield (t ha-1) 

Uptake of Nutrients(kg ha-1)  Economics 

N P K Net returns 
( kg ha-1) Benefit cost ratio 

Shade levels 
s0 
s1 
s2 
SE 
CD 

Varieties 
v1 
v2 
SE 
CD 

Potash levels 
k1 
k2 
k3 
SE 
CD 

 
100.31 
95.47 
67.21 
0.055 
0.216 

 
89.56 
85.76 
0.050 
0.173 

 
79.97 
90.13 
92.88 
0.068 
0.197 

 
311.06 
310.11 
218.48 
0.373 
1.463 

 
282.95 
276.81 
0.397 
1.373 

 
258.59 
286.70 
294.36 
0.539 
1.573 

 
34.05 
30.10 
24.16 
0.067 
0.263 

 
30.84 
28.17 
0.060 
0.209 

 
28.64 
29349 
30.38 
0.056 
0.164 

 
460.67 
446.34 
312.81 
0.577 
2.267 

 
414.76 
398.46 
0.423 
1.464 

 
368.76 
416.58 
434.48 
0.649 
1.895 

 
53502.33 
44482.00 
26498.84 
18.475 
72.531 

 
43935.33 
39053.45 
17.419 
60.278 

 
34998.50 
42668.33 
46816.33 

14.44 
42.157 

 
2.24 
2.00 
1.71 
0.056 
0.220 

 
2.06 
1.90 
0.044 
0.153 

 
1.78 
2.05 
2.11 
0.055 
0.161 

 
Table 2.Effect of shade on K requirement of guinea grass 

Treatments Green fodder 
yield (t ha-1) 

Uptake of Nutrients(kg ha-1)  Economics 

N P K Net returns 
( kg ha-1) 

Benefit cost 
ratio 

s0 k1 
s0 k2 
s0 k3 
s1 k1 
s1 k2 
s1 k3 
s2 k1 
s2 k2 
s2 k3 
SE 
CD 

89.10 
104.48 
107.45 
86.98 
97.82 
101.60 
63.93 
68.10 
69.60 
0.117 
0.341 

277.93 
324.10 
331.13 
288.65 
315.12 
326.55 
209.18 
220.88 
225.38 
0.934 
2.725 

32.45 
34.75 
35.55 
29.22 
30.13 
30.95 
24.25 
23.58 
24.63 
0.097 
0.284 

404.65 
479.15 
498.20 
406.67 
453.90 
478.47 
294.97 
316.68 
326.78 
1.124 
3.282 

41343.00 
55731.50 
63432.50 
39673.50 
45914.00 
47858.50 
23979.00 
26359.50 
29158.00 
25.016 
73.019 

1.90 
2.45 
2.37 
1.88 
1.95 
2.17 
1.58 
1.75 
1.79 
0.095 

- 
 
Table 3. Optimum dose of potassium for guinea grass under different shade intensities. 
 

Item (k2O) Price (Rs) Physical optimum dose (kg ha-1) Economic optimum dose (kg ha-1) 
  0 Percent shade 
25 Percent shade 
50 Percent shade 

7.5 kg-1 
7.5 kg-1 
7.5 kg-1 

130 
149 
152 

129 
143 
150 
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RESULTS AND DISCUSSION 

Green fodder yield 
Shade levels and potassium significantly influenced 
the green fodder yield.  
The response of guinea grass to potash was found to 
be more in higher light intensity and a proportional 
decrease was seen with reduction in light intensities. 
Application of 150 kg K2O ha-1 (k3) recorded 
significantly higher green fodder yield (Table 1). 
Mullakoya (1982) also obtained maximum green 
fodder yield in guinea grass cv. mackuenii by the 
application of highest level of potash. 
 
Nutrient uptake 
 

Uptake of N, P and  K were  significantly  
higher in open (S0) condition and at the highest level 
of K (150 Kg/ha). Under all shaded conditions an 
increase in potassium resulted in an increase in 
nitrogen uptake. Under open and under 25 percent 
shade, an increase in potassium resulted in an increase 
in phosphorus uptake. Under all levels of shade, 
increase in potassium application resulted in an 
increase in potassium uptake(Table 2). 
Economic analysis 
      The results indicate that guinea grass can be 
economically cultivated in shade intensities up to 50 
percent where the B:C ratio is 1.71 compared to 2.24 
under open conditions. Application of 100 kg K2O/ha 
resulted in highest net returns and B:C ratio in open 
condition where as in 25% shade and 50% shade K2O 
application @150Kg/ha was required for achieving 
the highest net returns and B:C ratio(Table 3). 
Response surface and standardization of response 
to applied potassium 
The relationship between applied K and green fodder 
yield was estimated by fitting a quadratic response 
surface as follows. 

Under zero percent shade, 
Y = 0.8656+109.0722×-25.9196X2 

F for regression = 214.653 
R2 = 96.62% 
 

The physical and economic optimum dose of 
potassium under open condition was found to be 
130kg ha-1 and 129kg ha-1 respectively. 
 
Under 25 Percent shade, 
 

Y = 0.8296+103.1753×-24.4870X2 

F for regression = 223.583 
R2 = 96.75% 
 

The physical and economic optimum dose of 
potassium under 25 percent shade was found to be 
149 kg ha-1and 143 kg ha-1respectively. 
Under 50 Percent Shade, 
 

Y = 0.5765+72.0418×-17.1457X2 

F for   regression = 258.726 
R2 = 97.18% 

The physical and economic optimum dose of 
potassium under 50 percent shade was found to be 
152 kg ha-1and 150 kg ha-1respectively.The optimum 
potassium dose for guinea grass was found to increase 
with increase in shade intensity. This may be due to 
the increase in potassium content of the fodder at 
deep shade. Since the tiller number and green fodder 
yield of the crop increase with increase in potassium 
level, the economic optimum dose of potassium was 
also high. 
From the results, it can be concluded that the present 
state recommendation of 50 kg K2Oha-1

 for guinea 
grass is less than the optimum requirement and 
further studies are to be taken up to confirm the 
results of the present investigation. 
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