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Abstract: Agroforestry has been recognized as a means to reduce CO2 emissions as well as enhancing carbon sinks although
the rice-wheat cropping system increases the green house gases level. Agroforestry is a large sink of carbon and its role in
carbon cycles is well recognized. The article reviews the impact of different land use systems on properties such as EC, pH
and the carbon sequestration potential of soils. Agroforestry provides a unique opportunity to combine the twin objectives
for capturing atmospheric CO2 to ameliorate environment and, improving the soil nutrient status as well. Soil organic carbon
has been recorded abundantly in agroforestry systems than other land use systems. The emphasis of land use systems that
led to higher carbon content than other cropping systems can help to achieve net gains in carbon in soils specifically and,
significant increases in carbon storage can be achieved by moving from lower biomass land uses.
Keywords: Land-use systems, Agroforestry, Soil properties, Carbon sequestration potential

INTRODUCTION

S

tudies carried out in the plains and hills indicate
declining soil fertility due to soil erosion.
Farmlands have reportedly been lossing soils at the
rate of 8-12 t ha-1 y-1 (Carson, 1992). As a result,
yields of staple crops, like rice, maize, wheat and
millet have followed a decreased trend (Vaidya et al.,
1995). Constant loss of soil fertility has been a
serious land management constraint for sustaining
agricultural production in the plains and hills
(Schreier et al., 1995) which is likely to be
aggravated further. Improvements in vegetative
cover through better agronomic practices and contour
hedgerows were found desirable (Angus et al.,
1998).
At a global level, reviewing the fertilizer impacts on
the environment based on data from Bockman et al.
(1990) and Ayoub (1999) showed that in 1970, 48%
of the nutrients used by crops were derived from the
soil, 13% from manure, and 39% from inorganic
fertilizers. By 1990, the percentages had changed to
30% from soil, 10% from manure and 60% from
inorganic fertilizer. The projection for 2020 is 21%
from the soil, 9% from an organic source, and 70%
from an inorganic fertilizer source. Considering that
only about half of the applied fertilizer is taken up by
the crop in a given season (Bockman et al., 1990),
the negative impact of fertilizer use on environmental
quality is likely to increase with time on a global
scale.
The cropping system occupies around 13.5 Mha in
the Indo-Gangetic Plains (IGP) of Bangladesh, India,
Nepal and Pakistan. The cropping system is of
utmost importance for ensuring regional food
security. There are reports of stagnating or declining
rice and wheat yields in the IGP (Ladha et al., 2003),

which have presumably been related to declining soil
organic matter (SOM) content and decreased soil
fertility (Bhandari et al. 2002; Regmi et al., 2002).
However, temporal analysis of 25-years data on
organic C content of the regional soils showed that
the stagnating productivity was not related to SOC
(Benbi and Brar, 2009). So far there is no
information available on the quality of SOM under
rice-wheat system in comparison to other
agroecosystems. Maize-wheat is another important
cropping system in the region. Rice and maize result
in alternating soil aeration status viz., anaerobic
conditions during rice season and aerobic conditions
in maize fields that can significantly influence
decomposition and accumulation of SOM.
According to Nair and Graetz (2004), U.S. Natural
Resources Conservation Service (NRCS) has the
responsibility to provide planning assistance to landuse decision-makers that will protect the five major
resource concerns of Soil, Water, Air, Plants, and
Animals (SWAPA). According to a study by the
World Agroforestry Centre (ICRAF), 43% of the
planet’s agricultural land has more than 10% tree
cover (Zomer et al., 2009), 160 million hectares land
area has more than 50% tree cover. Within the array
of benefits brought by trees, an important element is
the positive effect of trees on soil properties and
consequently benefits for crops.
Maintenance of soil fertility requires preservation of
its organic matter, physical properties and nutrient
levels. Soils do not support intensive annual plant
cultivation without fertilizer applications (Sanchez et
al., 1983; Alfaia et al., 1988), and even these may
not maintain sustainability. Due to the fragility of
soils, all agricultural projects must consider soil
fertility and its maintenance as a priority. Thus, the
use of diverse tree species and other practices
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employed in agroforestry systems can represent
alternative forms of increasing soil fertility and
maintaining agricultural production, with important
practical applications for the sustainability of tropical
agriculture. Agroforestry offers not only a sustained
productivity, but also an increase in productivity per
unit area. Considering all above aspects, we tried to
review the impacts of different landuse systems on
soil properties.
Land uses v/s soil properties
The basic properties of the surface soils under
different cropping systems viz. rice-wheat, maizewheat and cotton-wheat and a poplar based
agroforestry system are presented in Table 1. The
soils under all the land-uses were non-saline and
near-neutral to alkaline in reaction. However, the
soils under agroforestry had significantly lower pH
than the other land-uses that did not differ
significantly (Prakash, 2016). Soils under all the
land-uses were sandy loam in texture with sand
content ranging between 60 and 64.6% and silt
content between 21.8 and 25.1%. Soils under all the
land-uses were medium to high (9.8 to 16.0 mg P kg1
) in available P and high in available K (83 to 100
mg K kg-1). However, available P concentration was
significantly lower in soils under agroforestry,
compared to the other land-uses. The relatively
greater P concentration under sole cropping systems
may be attributed to regular use of organic manure
(FYM) and fertilizer P during crop production.
Contrarily,
available P
concentration
was
significantly lower in soils under agroforestry,
compared to the other land-uses (Prakash, 2016).
Lower concentration of available P in soils under
agroforestry may be due to wide C: P ratio. Wide C:
P ratio reduces P mineralization leading to decrease
in available P concentration in soil (Broder et al.,
2012). Available K concentration was significantly
higher in soils under agroforestry compared with
other land-uses. The CaCO3 concentration in soils
under different land-uses did not differ significantly
and ranged between 0 and 19.5 g kg-1 soil (Prakash,
2016).
In an evaluation of more than 20,000 globally
distributed soil profiles, the greater part in temperate
climates, Jobbagy and Jackson (2001) found that
cycling mediated by plants exerts a marked influence
on the vertical distribution of nutrients in the soil,
especially in the case of more limiting nutrients such
as P and K. Studies of forests in temperate climates
indicate variations in soil that can be related to
individual tree species. Besides the expected
correlations, such as greater levels of N under
legumes (Ulery et al., 1995) or lower pH under
species that produce acidifying litter, such as Pinus
spp. (Ulery et al., 1995; Reich et al., 2005), other
interesting interactions show that different species
can alter soil in distinct ways, with variations in the
increment of soil carbon (C) (Ulery et al., 1995)

exchangeable Ca and Mg and per cent base
saturation (Finzi et al., 1998, Reich et al., 2005).
In a study of 14 tree species in Poland, Reich et al.,
(2005) found varied effects on soil characteristics;
however, these effects were significantly related to
the level of Ca in litter, independent of the species.
Trees producing litter rich in Ca were associated with
soils with greater pH, exchangeable Ca, and per cent
base saturation, as well as greater rates of forest floor
turnover and greater diversity and abundance of
earthworms. Dijkstra (2003) emphasized that the rate
of mineralization of organic Ca is a fundamental
factor in this process, since it determines the
immediate availability of this nutrient in the soil and
can vary between species. In the areas where the
biophysical condition is suitable for tree and shrub
species, agroforestry can contribute to enhance soil
fertility. Subsequent studies also demonstrated
patterns in the variation of soil characteristics as
influenced by trees, such as in tropical savannas
(Belsky et al., 1989; Burke et al., 1998), deserts
(Schlesinger et al., 1996), and areas of temperate
forests (Ulery et al., 1995; Finzi et al., 1998;
Dijkstra, 2003; Reich et al., 2005). In analyzing soil
characteristics under individual tree crowns in
Kenyan savannas, Belsky et al., (1989) found greater
levels of mineralizable N, microbial biomass, P, K,
and Ca underneath the crowns when compared to
open savanna.
In the arid region of India, the effect of Prosopis
cineraria, Tecomella undulata, Acacia albida and
Azadirachta indica on the productivity of Hordeum
vulgare (barley) was found to be positive. P.
cineraria enhanced grain yield by 86.0%, T.
undulata by 48.8%, A. albida by 57.9% and A. indica
by 16.8% over the control. Biological yield was also
higher under trees than that in the open area. Soils
under different tree canopies were rich in organic
carbon content, moisture availability and nutrient
status (Kumar et al., 1998). There is robust evidence
that agroforestry systems have the potential for
improving water use efficiency by reducing the
unproductive components of the water balance (runoff, soil evaporation and drainage) (Turner and Ward,
2002). That is why such systems are more beneficial
as compared to agricultural cropping systems.
Increases in soil nutrients especially soil available
nutrient, soil microbial biomass carbon, microbial
quotient, soil basal respiration, microbe numbers and
enzyme activities were reported high in tree-crop
combinations. The greater soil microbial biomass
carbon (SMBC) reflects the response of more input
of organic matter to the soils under tree-crop
combinations (Wang et al., 2005). Ocio and Brookes
(1990) have also reported that SMBC influenced
much more quickly by organic inputs in comparison
to the agricultural management induced changes in
soil organic matter.
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Land uses v/s soil carbon pools
Soil carbon pool in an ecosystem is controlled by the
balance between the C inputs derived from litter fall,
root biomass and root exudates and the outputs
through heterotrophic respiration. Soils in
agroforestry and maize-wheat systems had
approximately 28% higher concentration of total
carbon than those in rice-wheat system but these
differences were statistically insignificant. Total
organic carbon (TOC) differed significantly with
respect to land-use practices. In contrast, soils in the
rice-wheat system exhibited significantly lower SOC
concentrations than those in the other two agroecosystems (Table 2). Compared to the rice-wheat
system, agroforestry and maize-wheat systems were
88% and 65% higher in SOC, respectively (Figure
1). The higher SOC concentration under agroforestry
may be attributed to input of C through litter fall that
occurs at the beginning of winter season and greater
root biomass compared to sole annual crops. Poplar
trees, grown in the region, add 2.9-3.3 t ha-1 of litter
fall every year (Ralhan et al., 1996; Tandon et al.,
1991) and supply 2.3 t C ha-1 y-1 through roots and
leaves (Chauhan et al., 2011). Soils in the maizewheat system also exhibited higher SOC stocks than
those in the rice-wheat system, probably because of
C input through farmyard manure application to
maize. Positive effect of manure application on SOC
build-up under maize-wheat system in semi-arid
India has earlier been reported by Benbi et al.,
(1998).
The effect of different land-use systems on SOC
concentration and its labile pools viz. hot water
soluble carbon (HWSC) and KMnO4-C are given in
Table 3. Averaged across sites, SOC concentration
was the highest under agroforestry and the lowest
under cotton-wheat cropping system, while maizewheat and cotton-wheat systems exhibited similar
SOC concentration. The rice-wheat system had
significant higher SOC concentration than two
cropping systems but significantly lower than
agroforestry
systems.
Significantly
higher
concentration of SOC in soils under agroforestry
compared to sole cropping systems could be
attributed to the effect of large return of plant
biomass C through leaf litter and reduced tillage
practices under agroforestry. Bene et al (2011) has
reported that soil organic matter is closely related to
the amount of above and below ground organic
matter inputs. Lobato et al (2014) has reported that
reduced tillage and its duration tends to build-up
SOC under agroforestry than the sole cropping
systems. In many long-term experiments, researchers
have shown a significant relationship between C
input through plant biomass and organic manures
with SOC sequestration (Benbi et al., 2012; Huang et
al., 2014). The results of the present investigation
corroborates the findings of Benbi et al (2012), who
also reported higher SOC concentration under
agroforestry than in soils under rice-wheat cropping
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system. The comparison of three cropping systems
revealed significantly higher SOC concentration in
the soils under rice-wheat than the maize-wheat and
cotton-wheat cropping systems. This could be
attributed to retarded rate of soil organic matter
decomposition due to prevailing anaerobic conditions
during rice cultivation (Manlay et al., 2002). Since
rice-wheat cropping involves cultivation of wetland
and upland crops in sequence, it experiences
alternate wetting and drying and thus differential
stabilization of soil organic matter, compared to the
other two cropping systems which are grown under
upland conditions.
The concentration of HWSC was significantly higher
in soils under agroforestry and rice-wheat than the
maize-wheat and cotton-wheat copping systems
(Table 3). Lower HWSC under sole cropping
systems than agroforestry could be possibly due to
intensive cultivation which includes several times
tillage practices per year leads to greater breakdown
of SOM or decomposition of native SOC (Wardle
1992; Haynes 2000; Ghani et al 2003; Shi et al
2015). Greater rhizo-deposition of root mass and
exudates in soils under agroforestry also influences
turnover rate of C (Kuzyakov et al., 2001). The
concentration of KMnO4-C was significantly higher
in soils under agroforestry than the other land-uses.
The soils under maize-wheat and cotton-wheat
cropping systems did not differ significantly for their
effect on KMnO4-C. Higher concentration of HWSC
and KMnO4-C in soils under agroforestry indicates
the quantitative as well as qualitative differences in
soil organic matter compared to other land-uses.
Sharma et al (2009) studied the soil fertility and
quality assessment under tree, crop and pasture-based
land-use systems in a rain-fed environment, observed
that among the land-use systems, agroforestry system
resulted in the highest SOC content (9.6 g kg-1)
compared to arable land (3.66 g kg-1). Tchienkoua
and Zech (2004) observed that SOC significantly
(P=0.05) higher in soils under Eucalyptus grandis
plantations (73.3 g kg-1) followed by Camellia
sinensis plantations (69.1 g kg-1) compared with
semi-permanent, maize (Zea mays L.)-based, mixed
food crop fields (39.4 g kg-1), Under Eucalyptus
treatment, greater litters with high C: N ratio (64)
was a major factor of high SOC build up, lower OC
in Camellia sinensis system was associated with
reduced litter input due to harvest of young shoots as
well as its rapid turnover rate as indicated by the low
C: N ratio (26) for tea leaves.
Microbial activity plays a major role in nutrient
turnover in general and in P transformation and
redistribution into different inorganic and organic
forms in particular (Stewart and Tiessen, 1987).
Cardoso et al (2003) observed that organic P/total P
was lower in the conventional systems than in the
agroforestry systems, suggested that agroforestry
systems influence the dynamics of P through the
conversion of part of the inorganic P into organic P.
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Agroforestry systems are expected to have more
microbial activity than the conventional systems.
Availability of soil P increased by intercropping with
potential of some non-crop plants in agroforestry
systems to release P from recalcitrant pools, thus
making it available to crops (Palm, 1995). Bene et
al., (2011) has reported that soil organic matter is
closely related to the amount of above and below
ground organic matter inputs. Lobato et al., (2014)
has reported that reduced tillage and its duration tend
to build-up SOC under agroforestry than the sole
cropping systems.
In many long-term experiments, researchers have
shown a significant relationship between C input
through plant biomass and organic manures with
SOC sequestration (Benbi et al., 2012, Huang et al.,
2014). The results of the present investigation
corroborates the findings of Benbi et al., (2012), who
also reported higher SOC concentration under
agroforestry than in soils under rice-wheat cropping
system. The comparison of three cropping systems
revealed significantly higher SOC concentration in
the soils under rice-wheat than the maize-wheat and
cotton-wheat cropping systems. This could be
attributed to retarded rate of soil organic matter
decomposition due to prevailing anaerobic conditions
during rice cultivation (Manlay et al., 2002). Since
rice-wheat cropping involves cultivation of wetland
and upland crops in sequence, it experiences
alternate wetting and drying and thus differential
stabilization of soil organic matter, compared to the
other two cropping systems which are grown under
upland conditions.
Agroforestry as carbon sink
Trees add organic matter to the soil system in various
manners, whether in the form of roots or litter or as
root exudates in the rhizosphere as rhizodeposition
(Bertin et al., 2003). Fast growing trees including
Populus, Eucalyptus, Melia, Leucena, Paulonia etc.
have an important role for capturing atmospheric
carbon dioxide to ameliorate environment. Although
carbon (C) constitutes almost 50% of the dry weight
of branches, 30% of foliage, the greater part of C
sequestration (around 2/3) occurs belowground,
involving living biomass such as roots and other
belowground plant parts, soil organisms, and C
stored in various soil horizons (Nair et al., 2010).
Therefore, agroforestry systems are known to
maintain soil organic matter and promote nutrient
cycling (Chander et al., 1998).
In homegardens in India, Saha et al., (2010) found
levels of SOC to be 30% and 114% greater than in
coconut plantations and rice paddies, respectively. In
the Northeast of Spain, Howlett et al., (2011) studied
the levels of SOC in silvopastoral systems composed
of different species, and found that systems with
birch (Betula pendula) presented greater levels of
soil C than systems with pine (Pinus radiata).
Several studies have shown that the inclusion of trees
in the agricultural landscapes often improves the

productivity
of
systems
while
providing
opportunities to create carbon sinks (Schoreder,
1994; Montagnini and Nair, 2004; Chauhan et al.,
2007a; Jose, 2009; Schoeneberger, 2009; Nair et al.,
2010; Sharma and Sharma, 2011). The amount of
carbon sequestered largely depends on the
agroforestry put in places, the structure and function,
which to a great extent are determined by
environmental and socio-economic factors. The
carbon sequestration potential for agroforestry
practices is more variable, depending on the planting
density, production objective, components in system,
productivity, etc. Actually, the carbon storage in
plant biomass is better feasible in the perennial
agroforestry systems (perennial-crop combinations,
agroforestry, windbreaks, hedgerow inter-cropping,
horti-silvicultural system, etc.), which allow full time
tree growth where the wood component represents an
important part of the total biomass. However, the
cost of carbon sequestered through agroforestry
appears to be much lower than other CO2 mitigation
options.
Organic carbon varied according to soil type, with
higher concentrations in the Oxisol than in the
Inceptsol (Alfaia et al., 2004). In the Oxisol, C was
significantly higher in areas with forest and
agroforestry systems (AFS) than in pastures, while
no significant differences among land use systems
were observed in the Inceptsol. Changes in SOC after
conversion of primary forest to agricultural systems
in Amazonia are after contrasted (Desjardins et al.,
2000). With the change of forest to pasture, a gradual
increase in C in the soil after burning has been
observed (Koutika et al., 1977), while others report
relative stability (Eden et al., 1991) or a pronounced
decrease (Falesi and Veiga, 1986). Isotopic tracer
studies revealed that the amount of forest-derived C
remaining in the soil decreases quickly in the first
years after pasture establishment, and slows as the
supply
of
pasture-derived
organic
matter
decomposition increases (Desjardins et al., 1994).
The effect of AFS on changes in soil C in
comparison with pasture or primary forest is not as
well known. McGrath et al., (2001) did not find
significant differences in C concentration between
AFS and primary forest. Recco et al., (2000)
observed that older AFS showed a trend of recovery
and maintenance of organic C similar to that in
primary forest in western Amazonia.
The area under the poplar based agroforestry system
is increasing every year because of huge demand
from industry. Singh and Lodhiyal (2009); Rizvi et
al., (2010); Benbi et al., (2012) also suggested great
potential of poplar based intercropping systems in
reducing the atmospheric CO2 concentration
compared to sole cropping systems. However, data is
insufficient, and an understanding of plant/climate
relationships is essentially required to guide the
future policies. Some studies have been conducted to
explore carbon sequestration potential in poplar-
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wheat based system. Total CO2 assimilation by the
biomass in the poplar-wheat based agroforestry
system and mono-cropping of poplar and wheat was
estimated at 28.6, 17.2 and 17.8t ha-1 yr-1,
respectively as shown in Figure 2 (Chauhan and
Chauhan, 2009). Therefore, even when only the
accumulation of biomass carbon is considered, an
agri-silvicultural system is very efficient in terms of
carbon sequestration (Chauhan and Chauhan, 2009).
However, these figures hold true if harvested
products are transformed into durable products. Litter
(leaves, branches and bark) and roots are added and
allowed to decompose in the soil to sequester carbon.
Gera et al. (2011) reported 66 and 37 t ha-1 carbon
sequestration potential (2.20 and 1.37 t C ha-1 yr-1,
respectively) under poplar block and poplar
boundary plantations, respectively. Chauhan et al.,
(2010a) after seven years, estimated timber carbon
content of 23.57 t ha-1, whereas, carbon content of
the roots, leaves, and bark was 23.9 t ha-1 and
branches 15.01t/ha. Hence, total biomass carbon
storage after seven years was equivalent to 62.48 t
ha-1 (8.92 t ha-1 yr-1). The combined contribution of
poplar and wheat was substantially high within the
intercropping system. This may be due to the
additional carbon pool in the trees and the increased
soil carbon pool resulting from litter fall and fine root
turnover. The high carbon storage may also be due to
the increased growth and assimilation rates of
intercropped components as compared to monocropping systems. Moreover, poplar timber locks up
carbon in its wood products for longer periods,
thereby making it the major carbon assimilator of
this type of agroforestry system. Poplar-wheat based
agroforestry system, thus fare better than traditional
agricultural systems, providing the best land use
option for increased carbon sequestration.
Clonal variation in carbon sequestering has been
recorded in poplar clones by Pal et al., (2009). The
carbon content in different components estimated by
Chauhan and Chauhan (2009) were found to ranged
from 44.08 to 47.82 (stem, branches, root, leaves and
bark values were 45.67,46.56,47.82,44.08 and 46.93
per cent, respectively). Rizvi et al., (2011) estimated
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27-32 t ha-1 and 66-83 t ha-1 carbon storage in
boundary and block poplar plantations, respectively
at a rotation of seven years. Dhiman (2009) estimated
that only 1.04 mt C out of 2.5 mt C is locked in
poplar based products for different durations and the
remaining is released back in the form of fuel and
only a marginal fraction of 0.3 mt C is added to soil
through leaf litter every year. Gupta et al., (2009)
found that the average soil organic carbon increased
from 0.36 in sole crop to 0.66 per cent in P. deltoides
based agroforestry soils. The soil organic carbon
increased with increase in tree age. The soils under
agroforestry had 2.9-4.8 t ha-1 higher soil organic
carbon than in sole crop. The poplar trees could
sequester higher soil organic carbon in 0-30 cm
profile during the first year of their plantation (6.07 t
ha-1 yr-1) than the subsequent years (1.95-2.63 t ha-1
yr-1) (Gupta et al., 2006). However, it is important to
mention that less than 50% of the total timber is
locked for longer period and remaining biomass is
used as fuel to meet the energy requirements and
replaces fossil fuel. Therefore, an estimate of carbon
sequestration for wood used for energy as well was
calculated (Table 4) and it was found that poplar
block and boundary plantation sequester substantial
amount of carbon in long lived biomass and replace
fossil fuel (3.38 and 1.03 t ha-1 yr-1 in poplar based
system with block and boundary plantations,
respectively).
CONCLUSION
Land use management and soil depth influence
contents of total, particulate and mineral associated
soil organic carbon fractions. Crop cultivation led to
a decrease in total soil organic carbon, but the value
was higher than the contents obtained in the fallow
land. There are agricultural management practices
that show promise for restoring soils and
sequestering a very significant portion of
atmospheric carbon. Therefore, it is important to take
into account the importance of agroforestry to
sequester the C and improving the soil properties.

Table 1. Physical and chemical properties of the surface (0-15 cm) soils under different land-use in Indian
Punjab. Numbers in parenthesis indicate standard error.
Soil
Land use
properties
Rice-wheat
Maize-wheat
Cotton-wheat
Agroforestry
Range† Mean¶
Range
Mean
Range
Mean
Range
Mean
pH
7.267.76b
7.247.73b
7.247.72b
7.137.29a
8.24
(0.05)
8.23
(0.06)
8.23
(0.06)
7.63
(0.03)
E.C.
0.230.31ab
0.250.34b
0.210.28a
0.250.33b
-1
(dS m )
0.43
(0.01)
0.48
(0.01)
0.45
(0.01)
0.45
(0.01)
47.860.0a
53.463.0ab
56.163.3ab
53.464.6b (1.2)
Sand (%)
71.5
(1.4)
72.0
(1.1)
74.5
(1.2)
73.3
18.425.1b
17.123.1ab
16.423.3ab
17.721.8a
Silt (%)
30.5
(0.72)
27.8
(0.62)
27.9
(0.70)
27.5
(0.63)
8.214.1a
9.5-18.9 13.1a
8.1-20.1 13.5a
8.2-19.9 13.6a
Clay (%)
21.7
(0.79)
(0.58)
(0.64)
(0.69)
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CaCO3(g
kg-1)
SOC (g C
kg-1)

0-12.3
2.836.35

1.41a
(0.08)
4.74b
(0.02) ∆

0.0-18.3
2.155.45

2.53a
(0.12)
3.98a
(0.02)

0.0-17.3
2.385.68

1.22a
(0.08)
3.94a
(0.02)

1.73a
(0.10)
3.055.78c
7.18
(0.02)
Source: Prakash (2016)
0.0-19.5

†

Range represents the minimum-maximum values in the data set
Mean values for a soil property in a row followed by different letter are significantly (p<0.05) different by
Duncan’s multiple range test (DMRT).
∆
Value represents standard error from mean
¶

Table 2: Total C, inorganic C (SIC), total organic C (TOC), soil organic C (SOC) and total N concentration in
soils of agroforestry, rice-wheat, and maize-wheat systems in the Rupnagar district of Indian Punjab (Benbi et
al., 2012)
Soil carbon pool
Land-use
Rice-wheat
Maize-wheat
Agroforestry
LSD (0.05)
Total C (g kg-1 soil)
6.90a (1.32)
8.95 a (0.79)
8.83 a (0.83)
NS
-1
a
a
Total organic C (g kg soil)
6.50 (1.41)
8.06 (0.70)
8.35 a (0.80)
NS
Soil organic C (g kg-1 soil)
3.88 a (0.89)
6.52 a (0.51)
6.56 a (0.53)
1.89
Mean values in a column followed by same letter are not significantly different at P\0.05. NS = non-significant
Values in parenthesis indicate standard error of mean
Table 3. Soil organic carbon (SOC), hot water soluble carbon (HWSC) and potassium permanganate oxidizable
carbon (KMnO4-C) in the surface (0-15 cm) soils under different land-uses (Praksh, 2016)
Soil carbon pool
Land-use
Rice-wheat
Maize-wheat
Cotton-wheat
Agroforestry
Range¶ Mean†
Range
Mean
Range
Mean
Range
Mean
SOC (g C kg-1)
2.834.74b
2.153.98a
2.383.94a
3.055.78c
∆
6.35
(0.02)
5.45
(0.02)
5.68
(0.02)
7.18
(0.02)
HWSC (mg C
168246b
117197a
111193a
159267b
-1
kg )
327
(10.4)
267
(9.1)
264
(9.5)
324
(10.9)
KMnO4-C (mg C 557819b
206665a
408681a
566922c
-1
kg )
1048
(0.03)
974
(0.04)
959
(0.04)
1213
(0.04)
¶
Range represents the minimum-maximum values in the data set
†
Mean values for a soil property followed by different letters differ significantly (p<0.05) by Duncan’s multiple
range test (DMRT)
∆
Value represents standard error from mean
Table 4. Carbon sequestration in poplar based agroforestry models
Treatments*

Block
plantation
Boundary
plantation

Total
biomass*
* (t ha-1)

Long lived
timber
C Storage
(ton C ha-1)

Heat from
biomass
combustion
(x109)

Carbon storage
from coal
substitute
(ton C ha-1)

Total C
Total C sequestration
Sequestratio (t C ha-1 yr-1)
n***
(t C ha-1)

Trees + wheat straw
Trees without
wheat straw
Trees +wheat
+ Rice straw
Trees + rice straw

77.14
48.49

9.23
9.23

1022.04
506.34

17.17
8.50

28.96
20.27

4.82
3.38

86.47

3.18

1444.32

24.26

27.86

4.64

57.49

3.18

922.68

15.50

19.10

3.18

Trees without
Rice and
wheat straw

14.83

3.18

154.80

2.60

6.20

1.03

* Calculations made with the presumption that wheat straw is used as fodder, whereas rice straw is used as fuel
** Tree and crop (grain + straw) biomass
*** Includes soil as well as long lived carbon storage in timber
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Fig 1. Soil organic carbon (SOC) stocks in agroforestry, maize-wheat, and rice-wheat systems in the Rupnagar
district of Indian Punjab. Bars labeled with the same letter are not significantly different at P\0.05 (LSD 4.2).
Line bars indicate standard error of mean.
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Fig 2. Total CO 2 assimilation (t ha -1 ) by poplar-wheat (above- and below-ground biomass) in
agroforestry system and sole wheat crop (Chauhan and Chauhan, 2009).
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Abstract: In agriculture, the primary production systems face the risk of failure. Therefore, a more in depth analysis is
needed by incorporating useful plant and soil properties in for reducing water stress in kharif rice. The approach to determine
effective rainfall in watershed could be more focused on the inter-relationship amongst plant, soil and climatic factors,
considering the sensitivity of different plants to varying levels of water availability due to water transfer within watershed.
Similarly, the assessment of water availability vis-a-vis growth risks could be done more realistically through water balance
study. The best recommendation is suggested to reducing hydrological risk.
Keywords: Hydrologic risk, Rainfall, Water balance studies, Effective rainfall

INTRODUCTION

R

ain or precipitation is the primary source of
water, but it comes usually in short duration
spells within a year, while the plants, need water
throughout their life cycle. It is the soil which, during
moisture stress periods, provides the supply of
moisture of plants, provided sufficient moisture is
stored in it. Thus, soil, plant and water are the primary
factors which are involved in hydrologic risk analysis
(Das, 1988).
Hydrologic risks to agriculture are mainly due to
inadequate or erratic rainfall resulting in deficit water
stress to crop plants. The susceptibility of agriculture
production system to such risk can be accessed from
the characteristics of rainfall, soil and plants being to
be grown in given area. Besides direct availability of
rainfall, a part of it is carried forward in time acting as
cushion against water stress in absence of rainfall.
This carry over moisture is viewed as the water shift
within the watershed on time. There is another shift
through the intervention of conservation practices
which are adopted in the watershed to improve soil
and water conservation and management. The
moisture shift due to adopted water conservation
measures takes place over space. The total of these
moisture or water shifts help watershed enhance water
retention, which is available to meet the plant water
demand. Various hydrologic risk factors include
rainfall, effective rainfall, carryover rainfall, runoff,
water balance etc.
Research works carried out at different places are
reviewed on hydrological risks assessment including
rainfall, effective rainfall; carry over moisture/rainfall,
water balance and their impact on crop and water
resources on watershed basis. The prominent reviews
are presented in subsequent sections.
Rainfall
Rainfall is the ultimate source of water and has great
bearing on water resources management in watershed

and the performance of crop has a direct relation with
the availability of rainwater, particularly in rainfed
areas. Generally probability analysis is made to assess
the expected rainwater availability at certain
probability of exceedence. Consequent probabilistic
dry and wet spell also play an important role in crop
planning. It is also necessary to study the variability
of rainfall availability for effective crop and water
resource planning. A lot of studies have been
conducted on rainfall variability and its probabilistic
aspect.
Subramniam and Srimannarayana (1991) carried out
rainfall analysis in Madhya Pradesh. It was found that
the coefficient of variation of annual rainfall was less
than 20% for the eastern and south-western district of
east Madhya Pradesh. In west Madhya Pradesh, the
coefficient of variation of annual rainfall ranged from
25% over Seoni district in the east to nearly 40% in
Morena district in the extreme north-west. Further,
they concluded that the coefficient of variation of
rainfall was very high in winter, hot weather and postmonsoon season over the state.
Ghadekar and Thakare (1991) studied characteristics
of rainfall of Nagpur region for crop production and
cropping patterns. They concluded that the mean
rainfall of the Kharif season was 831.5 mm (CV
20.8%) with 52.3(CV 17.3%) rainy days. Further, it
was found that cropping seasons of 13 weeks (25 th to
36th SMW) with dependable rainfall at 75, 80, 85 and
95% probability levels were most assured and risk
free.
Upendra Shankar et al. (1993) analyzed rainfall for
Jabalpur region of M.P. for a period of 1951-89 with
reference to length and date to south-west monsoon,
total annual rainfall and optimum sowing dates for
long, medium and short duration crops and
accordingly cropping plans were suggested.
Subramaniam (1994) used the rainfall data of 90 years
period from 1901-1990 to examine the possibilities of
various meteorological sub-divisions to recover its
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June-July deficiency during the later half of the southwest monsoon period. The study revealed that east
Madhya Pradesh recovers its June-July rainfall
deficiency in September with a relatively high
percentage (21%) whereas; in the Madhya Pradesh the
deficiency worsens further in September (7%).
Mishra et al. (1996) analyzed rainfall data for
Chotanagpur Platau of Bihar using the rainfall record
from 1967-92. The range, mean, standard deviation
and coefficient of variation for weekly, monthly,
seasonal and annual rainfall were calculated. The
variation in monthly rainfall was October > June >
September > August > July. During June to
September, at least 826 mm rainfall was predicted at
80 percent confidence level. The analysis also
revealed that sowing of paddy varieties with a
maturity period of 80-95 days should be completed in
June, while shorter (70-85 days) varieties can be sown
later.
Kalaiselvan et al. (1996) suggested cropping system
for early, normal and late rain condition by analyzing
rainfall data for a period of 15 years (1973-88) of
Viddhachalam taluka of Tamilnadu.
Chaudhary and Tomar (1999) determined the rainfall
pattern over 12 Stations of Baster districts in erstwhile
Chhattisgarh region of Madhya Pradesh by analyzing
40 years of rainfall data (1957-86) and relationship
between rainfall and rice yields were worked out.
Weekly mean rainfall of 50 mm for lowland and 75
mm for upland with coefficient of variation less than
100% was considered as stable rainfall period.
Jadav et al. (1999) analyzed the rainfall probability
for crop planning in scarcity zone of Maharashtra.
The rainfall data of 30 years (1966-1995) was
analyzed for rainfall amount at various probability
levels (30, 60, 70 and 90%) for weekly, monthly,
seasonal and annual trends at Solapur. They found
that on an average, annual rainfall of Solapur region
was 723.4 mm received in 43 rainy days. The mean
monthly rainfall of Solapur was 113.3, 127.7, 140.3
and 172.3 mm in the months of June, July, August
and September, respectively with the total monsoon
rainfall of 553.8 mm. The seasonal rainfall for these
months accounted for 76% of the annual rainfall. The
monthly coefficient of variations ranged between 55226%.
Janendra et al. (1999) analyzed rainfall data for 27
years of Kotagarh, Orrisa. The average rainfall at
Kotagarh was estimated to be 1387 mm and average
rainy days were found as 67 out of the total rainfall
81% of the annual rainfall received during JuneSeptember. Selection of crop cultivar with growing
seasons in June-September was recommended.
Hundal and Kaur (2002) examined annual and
seasonal climatic variability at different locations of
Punjab state. The rainfall variabilities were analyzed
from historical daily meteorological data for Amritsar
(1970-98), Patiala (1970-98), Ludhiana (1970-99) and
Bathinda (1977-98). It was found that the annual as
well as seasonal rainfall exhibited high standard

deviation and coefficient of variations indicating large
variations in rainfall at all stations. The five yearly
moving average trends in rainfall showed an overall
increase of about 120 mm at Amritsar, 150 mm at
Ludhiana, 150 mm at Patiala, and 140 mm at Batinda.
Singh and Lal (2005) investigated rainfall as one of
the most important weather factors that control the
crop productions in rainfed areas. The daily rainfall
data for 28 years (1972-99) as recorded at agromet
observatory Sabour, Bhagalpur were analyzed for
annual, seasonal, monthly and weekly periods. The
probability of 10, 20, and 40 mm rainfall per week
exceeded 60% between 19th and 41st, 24th and 40th and
26th and 39th standard meteorological weeks,
respectively. The overall mean annual rainfall was
computed as 1185.3 mm, of which 954.0 mm, 105.2
mm and 126.2 mm were received in Kharif, summer
and Rabi seasons, respectively. The highest rainfall
(320.5 mm) was recorded in July and the lowest (7.52
mm) in December. About 87% of the total annual
rainfall was observed between 22nd to 41st weeks.
Months from July to August are regarded suitable for
transplanting of paddy. In the upland situation, where
three crop sequences are followed, the third crop
should, however, be sown before the end of October.
Bhakar et al. (2006) carried out rainfall analysis for
drought estimation of Udaipur region. He stated that
in regions, where rainfall is erratic and frequent,
temporary drought conditions are expected within the
monsoon season also. Therefore, rainfall analysis for
drought estimation is helpful in crop planning
accordingly. In the study, normal, abnormal and
drought months were determined for the period of
1981-2005 for Udaipur region. Out of the rainfall
record from 1981-2005, a total number 12 months
were observed as drought months during the rainy
season. Probability of occurrence of 6 drought months
in a year was 96% and for 10 months, it was 4%.
Singh and Kaur (2007) analyzed daily rainfall data of
36 years for Kulu and Solan districts of Himachal
Pradesh and weekly, monthly, yearly and seasonal
rainfall were worked out for all the years of the
record. The analysis revealed that solan received
average annual rainfall as 1315.6 mm and Kulu as
948.5mm. As per the seasonal distribution of the
rainfall, 17,8%, 66%, 2.6% and 13.5%, of the annual
rainfall were received in Solan, whereas in Kulu,
29.9%, 41,8%, 5.7% and 22.6% of the annual rainfall
were received in summer, south-west, north-east and
winter season, respectively. During the study, more
than the normal rainfall was received in 7 years and
less than normal in 24 years in Solan, whereas Kulu
received more than normal in 4 years and normal or
less than normal in 27 years. At both of the places,
July was found most wet and November was most dry
month. Solan had 50% month normal, 39%, abnormal
and 11% dry, where as in Kulu, it was 62, 30, 8%,
respectively, In solan, out of total abnormal months,
66% of the time observed during Oct-May and at
Kulu it was observed 65% during Sept-Jan. The
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probability of rainfall in one week (10, 20, 75mm)
was observed in Solan during 25-30 weeks, whereas
in Kulu, it was maximum in 26-36 week. During this
period the rainfall water can be stored in ponds so that
it can be used for irrigation.
Chand et. al. (2011) analyzed rainfall data for the
period of 34 years (1975-2008) for Jhansi in
Bundelkhand agro-climatic zone of U.P. and weekly,
monthly, seasonal and annual probabilities at different
levels of rainfall were worked out for suitable crop
planning. It was found that 90.3% of the total annual
rainfall is received during SW monsoon months
(June-September) with high intensity causing
moderate to severe erosion. Post monsoon or winter
months (October to February) accounted 7.1 %, while
pre-monsoon or summer months (March-May)
accounted 2.6 % of total yearly rainfall. Analysis also
showed that the frequency of drought has increased
since the year 2000 onwards in the zone. The
maximum amount of rainfall was received during
August (286.0mm) and minimum in April (3.1mm)
month. Occurrence of 70 % of initial probability of a
dry week from 1 to 24th week and the conditional
probability of wet week preceded by a wet week was
also high from 26th to 37th week. The Kharif season
crops and their varieties may be chosen with the
growing period to avoid moisture stress and in-situ
moisture conservation practices like mulching, use of
anti-transparent, control of weeds, adequate plant
stands should be adopted and to mitigate the effect of
dry spell during critical crop growth stages, lifesaving or supplemental irrigation through use of
sprinkler system should be provided. The sowing of
rainfed crops in rabi season may be completed
between 40th to 41st standard weeks because
subsequent week has rare chance to get rains. It was
also indicated that the pulses and oilseeds, whose
average water requirements are 300 mm, could
successfully be cultivated during rabi season.
Gowda et. al. (2011) analyzed monthly and annual
rainfall data of 17 stations located in 3 districts of
Karnataka falling under the Bhadra Command Area
(BCA) for a period 1975-2005. In the study, statistical
parameters like mean, standard deviation, coefficient
of variation and coefficient of skewness for monthly
and yearly rainfall data were determined. The average
depth of rainfall over the command area was
computed by arithmetic mean, Thiessen Polygon and
Isohyetal methods. The coefficient of variation (CV)
of annual rainfall was found to vary from 14% to
83%. The co-efficient of variation (CV) and
coefficient of skewness (CS) of annual rainfall were
found to be non-symmetrically distributed at all
stations. The average depths of annual rainfall over
the study field calculated from different methods were
found to be 769.5 mm, 612.20 mm and 686.54 mm,
respectively. It was found that the monsoon (June–
September) rainfall contributed about 55% of the
mean annual rainfall. But the results of 3 yearly and 5
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yearly moving average curves also showed increase in
rainfall trend over the study area.
Effective rainfall
The effective rainfall is that portion of the total
rainfall amount that is used by crop plant for its
growth and development. Many workers have studied
the effective rainfall and its impact on crop
performance and water resource management.
Tsai et al. (2005) carried out a study on effective
rainfall for paddy fields in Taiwan based on the
practical model of planned effective rainfall. In this
study, a method was developed for paddy crop to
predict the planned effective rainfall based on gate
operation management system used in the Taoyuan
Irrigation Association, Taiwan. The practical model
for rotational irrigation developed in this study
considered the effective height of the border ridge of
farm parcels in the irrigation plans. To estimate the
planned monthly effective rainfall, the best-fit
distribution of monthly effective rainfall was first
determined; then the value of the 75 % of the
probability of occurrence was used for the analysis.
The calculated monthly effective rainfall was found as
113 % of the value used by the gate operation
management. The study concluded that the high limit
of effective rainfall depth can be increased from 30
mm to 42 mm to raise the planned effective rainfall.
Rahman et al. (2008) carried out a study on effective
rainfall for irrigated agriculture in south-eastern part
of Bangladesh. In the study, four different methods
were used for estimating effective rainfall in
Bangladesh. Effective rainfalls were estimated for the
10 meteorological stations of Bangladesh, covering
south-eastern part of the country. By using different
climatological data, effective rainfall were estimated
for two crop growing seasons i.e. Kharif (July to
October) and Rabi (December to March). The study
revealed that the value of effective rainfall percentage
for Kharif season varies. It was also observed that as
the distance from sea increases, the value of effective
rainfall percentage also increases. While designing an
irrigation project, optimum utilization of irrigation
water can be achieved by using the effective rainfall
values.
Adnan and Khan (2009) studied effective rainfall i.e.
useful rainfall for irrigated agriculture plains of
Pakistan. In agriculture, effective rainfall is that
portion of the rainfall amount that directly satisfies
crop water requirements. Four different methods were
used to estimate effective rainfall using data from 58
meteorological stations covering irrigated plains of
Pakistan. The effective rainfall was estimated for two
crop growing seasons, i.e. Rabi (October to April) and
Kharif (May to September). It was observed in the
study that effective rainfall values for Rabi and Kharif
season varied widely from 13.03% and 21.31% at
humid zone of northeastern Punjab to 100% at several
stations, by Renfro equation method, 43% and 30% at
humid zone of northeastern Punjab, 99.86% to 100%
at central Sindh by U.S Bureau of Reclamation
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method, 17.57% at humid zone of Northwestern
Front Province (NWFP), 98.98% and 99.93% at arid
zone of southwestern Sindh and Balochistan by
Potential Evapotranspiration Precipitation Ratio
method and 54.40% and 60% at arid zone of southern
Balochistan to 100 % at several stations by U.S.D.A,
SCS method respectively. Murree had the lowest
amount of effective rainfall. It was also observed that
the effective rainfall is directly proportional to
consumptive use, water storage capacity and irrigation
application. Renfro equation was not found suitable
for short term planning.
Chen et al. (2013) studied the agricultural effective
rainfall for irrigating rice using the optimal clustering
model of rainfall station network. The optimal
clustering model of effective rainfall comprised of
self-organizing map (SOM), k-means (KM), and
fuzzy c-means (FCM) clustering algorithm. The
results showed that the SOM clustering with groups
three was the optimal model for prediction of
effective rainfall.
Naeini et al. (2013) estimated effective rainfall using
ANNs, WNNs and PSONNs models. For this
purpose, by applying the SCS method, effective
rainfall of monthly statistics data of Tabriz
meteorological station from 1982 to 2008 was
computed.
The
data
of
the
reference
evapotranspiration, precipitation, maximum and
minimum temperature, relative humidity and wind
speed were used in models for various scenarios. 240
series of the monthly data were used for training and
84 series of the monthly data were used for testing
models. It was found that PSONNs performed better
in the forecast of the effective rainfall from aerologic
data. Relative humidity in ANNs, wind speed in
WNNs and precipitation in PSONNs were found the
most effective aerologic parameters, which were not
in SCS equation.
Carry over rainfall
Precipitation and rainfall is the primary source of
water but rain generally comes during short spell
within a year while the plants need water through
their life cycle. In absence of rainfall during the
period, soil which acts as store-house comes to aid
plant during the rainless period by supplying moisture
from ‘carry over’ effect of rainfall received in
preceding days on the soil moisture retention in
succeeding days. This soil hold water coming from
preceding rain is called ‘carry over’ rainfall. Not
many research works are found in literature of carry
over rainfall.
Das (2009) worked on reduced hydrologic risks to
plant growth from carryover effect of rainfall within a
watershed. Using data from two watersheds of Sahibi
catchment of Rajasthan, the effect of the time space
transfer of carry over rainfall on removing water
stress in some weeks and total utilization of such
water for agricultural production system was studied
for the watershed, namely Tatarpur and Pithalpur. It
was observed the carry over rainfall in the succeeding

weeks augmented the water availability for plants
during rainless period. On an average over 12 years
during crop growth period (22 nd to 41st SMW) an
amount of 217.83 mm for Tatarpur 215.80 mm for
Pithalpur was worked out as carryover rainfall from
previous wet spell. These amounts of carry over
rainfall were found to be 43.5 % and 43%
respectively of the total monsoon rainfall of the
500.20 mm. Though this augmentation of moisture
supply to plants during rainless period was not
uniform over all the weeks of growth period but it
certainly helped the plants in critical growth stage.
The method based on carryover rainfall and on land
transfer of rainfall was used to plan watershed
management interventions and to assess the impact of
soil water conservation measures including water
harvesting and recharge of groundwater.
Runoff and Soil Loss
Runoff is that portion of the rainfall which flows on
the ground surface after satisfying losses in terms of
interception, infiltration, depression and channel
storages. It is therefore necessary to manage this
runoff on watershed basis so that it can be used for the
benefit to the agriculture, particularly in rainfed areas.
Similarly, soil loss is caused by the runoff causing
erosion if not managed properly. Several studies have
been conducted at many places in India as well as
abroad to quantify the runoff potential and soil loss
due to erosion of the soil by flowing runoff.
Thakur (2004) used SCS Curve Number model in GIS
environment to estimate runoff generated in
Chhokranala watershed in Raipur district of
Chhattisgarh state. Soil loss due to runoff was also
estimated by applying modified universal soil loss
equation (MUSLE) and based on the estimated runoff
and soil loss, critical sub-watersheds were identified
and prioritized for planning implementation of soil
and water conservation and management plans.
Critical sub watersheds were identified on the basis of
average annual sediment yield. The remote sensing
satellite data were interfaced with GIS software for
extracting the information used in runoff and soil loss
estimation. The study revealed that the SCS-CN
model and MUSLE could successfully be used for
identifying and prioritizing critical sub-watersheds.
Rahangdale (2005) estimated the soil loss and surface
runoff and then applied to evaluate the performance
of soil conservation structures of Chhokra nala
Watershed in Chhattisgarh state. The value of curve
number for Chhokra nala watershed was determined
and CN method was validated. Adequately validated
USLE was applied for estimating the soil loss. The
performance evaluation of soil conservation structures
was carried out on the basis of soil loss from
watershed. Estimated value of soil loss for five events
was compared with their counter parts results revealed
that USLE was capable of estimating soil loss on
event basis from the Chhokra nala Watershed
Satisfactorily. Similarly CN Number method was also
found acceptable for estimating surface runoff on
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event basis from Chhokra nala watershed and the
value indicated that there was a good agreement
between estimated and observed runoff values. Based
on the resulting CN method soil and water
conservation plans were suggested for the watershed.
Mishra et al. (2012) studied that assessment of design
runoff curve number for a watershed. A simple
approach was suggested for derivation of the design
runoff CN for different durations, wetness conditions,
and return periods for use in the SCS-CN
methodology. The derived design CN values were
tested for their validity using the design runoff
estimated conventionally from the observed data. The
match between the design CN (for dry condition)generated runoff and the conventional design runoff
was found to be satisfactory for all return periods and
rain durations for the studied watershed.
Water Balance Studies
A water balance studies are used to describe the flow
of water in and out of a hydrological system such as
watershed, drainage basin. Water balance has wider
application in crop and water resources management
in a watershed. Water balance of the watershed
provides information about periodic shortages or
surpluses of water. In the last two decades, a number
of studies have been conducted on water balance in
the watersheds.
Chakraborti et al. (1990) conducted an agro-climatic
study in Hoogly district of West Bengal by analyzing
rainfall data for a period of 60 years (1920-85). A
water balance approach was found quite effective to
assess the water availability period for crop planning
under rainfed condition.
Hassan and Bhutta (1996) evaluated various recharge
component of a groundwater reservoir to estimate the
long-term average seasonal groundwater recharge in
Rechna doab, Pakistan. A regional lumped water
balance model was developed and applied to estimate
the long-term seasonal recharge to a groundwater
reservoir. For comparison, recharge was also
estimated by a specific yield method from observed
groundwater levels. A water balance study was
accomplished on seasonal basis (6 months) for a
period of 31 years (1960-1990). The average value of
groundwater recharge during kharif (AprilSeptember) season was found to be 60 mm. No
recharge occurred during rabi (October – March),
rather there was a depletion of the groundwater
reservoir during the winter months. It was concluded
that on regional basis, the groundwater reservoir was
depleted and resulted in an average groundwater table
fall of 2.3 m over the 1960-1990 period.
Ranade et al. (2003) had done water balance study of
water harvesting tank located at Pipliyahana
watershed at the boundary of College of Agriculture,
Indore, Madhya Pradesh, India. It was found that the
maximum utilization of harvested of water was for
irrigating different crops during the stress period.
Similarly evaporation from water surface of the tank
was one of the main factors responsible for depletion
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of tank water storage. The data analysis reveled that
approximately 1257.05 m3 of water was lost through
evaporation which could have otherwise been utilized
for providing extra irrigation to cropped area. It was
concluded that the present site is very much suitable
for the water harvesting tank, as the seepage rate was
found to be only 1/10 to that of total storage volume
available.
Singh et al. (2004) assessed water balance of Nana
Kosi watershed in Uttaranchal, India. The water
balances were then used for computing seasonal and
geographical pattern of water availability to facilitate
better management of available water resources. The
water balance using the Thornthwaite and Mather
model with the help of remote sensing and GIS was
worked out to determine the period of moisture deficit
and moisture surplus for entire the basin. The study
indicated that there was an annual deficit of 288.56
mm and an annual surplus of 307.76 mm in the study
basin.
Kothari et al. (2007) computed water balance of
Bhilwara district of Rajasthan using daily
meteorological data of 45 years (1960-2004) by
Thornthwaite book keeping technique. The studies
revealed that on annual basis, the region require
1691.3 mm water, whereas the rainfall was 669.1 mm.
The actual evaporation in the region was 476.6 mm
and water deficit 1214.7 mm. The water surplus was
189.6 mm during 31st to 36th week and water deficit in
remaining meteorological weeks. The entire kharif
season was free from ware deficit during the normal
years whereas in rabi season, water deficit was
worked out to be 481.8 mm.
Kumambala et al. (2010) worked on sustainable water
resources development of Malawi lake of Eastern
Africa. They reported that a thorough assessment of
the impact of climate change on the future water
levels of Lake Malawi is necessary because Lake
Malawi together with its out flowing Shire river water
system is Malawi's most important water resource for
hydropower generation, water supply for industrial
and domestic use in the city of Blantyre and its
surrounding urban areas together with irrigation water
in the Lower Shire Valley (LSV). Any changes in the
hydrological or ecological behavior of the lake will
have far reaching consequences on the economy of
Malawi. They also reviewed the literature on the
water balance studies of Lake Malawi and introduced
climate change modeling into the water balance
model to assess the likely future behavior of the lake.
Singh et.al. (2010) carried water balance studies for
crop planning in Ranchi, Jharkhand. They analyzed
35 years of rainfall data to quantify the rainfall
efficiency for increased production for Ranchi region.
It was found that no surplus water was recorded
during driest year. In respect of coefficient of
variation, the month of July registered the lowest
coefficient of variation as 35% followed by August
(38%) indicating lesser variability during this month.
The threshold level of coefficient of variation ranged
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from 50 to100% in April to October and indicated the
dependability of rainfall in these months as compared
to other months. The maximum length of growing
season as 28 weeks and minimum as 12 weeks was
recorded. In normal conditions, the length of growing
season was recorded as 18 weeks. Short duration
paddy variety Birsa Gora-101, maize, i.e., Devki,
Ganga-11, Suran and kharif pulses were found
suitable for the region.
Wang (2012) studied annual water storage changes at
12 watersheds in Illinois based on the long-term soil
moisture and groundwater level observations during
1981–2003. Storage change is usually ignored in
mean annual and inter-annual water balance
calculations. However, the inter-annual variability of
storage change could be an important component in
annual water balance during dry or wet years. Annual
precipitation anomaly was partitioned into annual
runoff anomaly, annual evaporation anomaly, and
annual storage change. The estimated annual storage
change ratios were found to vary from 60% to 40% at
the study watersheds. The inter-annual variability of
evaporation was not strongly correlated with the interannual variability of precipitation, but was correlated
with the inter-annual variations of effective
precipitation. As a response to the inter-annual
variability of precipitation, the inter-annual variation
of evaporation was found smaller than those of runoff
and storage change.
All the reviews discussed here in focus on the
importance of each of the criteria for efficient soil,
crop and water management in a watershed.
CONCLUSION
Based on water balance analysis surplus and deficit of
rainfall are find out and water resources conservation
and management plans have been developed. Reviews
highlight the importance of soil and water
conservation and management based on different
components of the water balance including rainfall,
runoff, and carryover rainfall etc. for achieving
highest reward from various crops under limited
resources.
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Abstract: A study was undertaken to estimate correlation and path coefficient analysis of yield and yield contributing traits
in 50 wheat cultivars grown in Randomized Block Design with three replications during rabi season 2013-14. The grain
yield per plant has significant and positive correlations both at genotypic and phenotypic levels with biological yield per
plant, grain weight per main spike, 1000 grain weight and number of grains per main spike. The path coefficient analysis
revealed high and positive direct effects of the number of effective tillers per plant, number of grains per main spike, 1000
grain weight, biological yield per plant and harvest index on grain yield per plant. Thus, these traits are to be considered as
the most important yield contributors and due emphasis should be given while attempting yield improvement in wheat.
Keywords: Characters, Correlation, Direct & indirect effects, Grain yield

INTRODUCTION

W

heat (Triticum aestivum L. em. Thell.) is a
self-pollinated crop of the member of Poaceae
family and one of the most leading cereal of many
countries of the world including India. It is the most
important food crop of India and is a main source of
protein and energy. In India, wheat is the second
most important food crop after rice both in terms of
area and production. It has been described as the
‘King of cereals’ because of the acreage it occupies,
high productivity and the prominent position it holds
in the international food grain trade. Globally,
demand for wheat by the year 2020 is forecasted
around 950 million tonnes to meet future demands
imposed by population growth. This target will be
achieved only, if global wheat production is
increased by 2.5% per annum (Singh et al., 2011).
Wheat is a unique gift of nature to the mankind as it
can be moulded into innumerable products like
chapatis, breads, cakes, biscuits, pasta and many hot
and ready-to-eat breakfast foods. Wheat grain
contains starch (60-68%), protein (6-21%), fat (1.52.0%), cellulose (2.0-2.5%), minerals (1.8%) and
vitamins (Das, 2008). The uniqueness of wheat in
contrast to other cereals is that wheat contains gluten
protein which enables leavened dough to rise by
forming minute gas cells and this property enables
bakers to produce light breads.
The record production in the country during last few
years has enabled India to attain the position of being
second largest producer of the wheat in the world
(DWR Vision 2030). The knowledge of patterns of
genetic variation of a crop species in any given
region or country is very important for planning
future germplasm collection missions and for
efficient utilization of collected germplasm in crop
improvement programmes (Nagi et al.2013).

Understanding
of
interrelationship
between
component characters helps in determining which
character to select when improvement of the related
complex character is desired. The correlation
coefficient measures the mutual relationship between
various plant characters and determines the
component characters on which selection can be
based for the improvement in associated complex
character–yield (Sokoto et al., 2012; Mohammadi et
al., 2012). Simple correlation is partitioned into
phenotypic (that can be directly observed), genotypic
(inherent association between characters) and
environmental (environmental deviation together
with nonadditive genetic variation) components. The
knowledge of association among the yield and yield
contributing characters would be of great help in
constructing a suitable plant type and in planning
breeding programme. Grain yield, being a complex
trait, depends upon component variables and their
interaction. Degree and direction of relationship
between two or more variables lead to estimation of
correlation. Correlation studies provide better
understanding of yield component which helps the
plant breeder during selection (Robinson et al., 1951
and Johnson et al., 1955). However, the correlation
coefficient does not give any indication about
comparative magnitude of contribution made by
various component characters. Therefore, genotypic
path coefficient analysis was carried out to find the
direct and indirect effects of yield components and
their correlation with grain yield per plant.
MATERIAL AND METHOD
Fifty genotypes of bread wheat were sown in a
Randomized Block Design (RBD) with three
replications during rabi 2014. Each genotype was
accommodated in a single row of 2.5 m length with a
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spacing of 22.5 cm between rows. The experiment
was surrounded by two guard rows to avoid damage
and border effects. Other recommended agronomical
practices in vogue were followed for reaping good
crop. The observations were recorded on 14
quantitative characters viz., days to 50% flowering,
grain filling period, days to maturity, plant height,
number of effective tillers per plant, length of main
spike, peduncle length of main spike, number of
spikelet per main spike, number of grains per main
spike, grain weight per main spike, 1000 grain
weight, grain yield per plant, biological yield per
plant, harvest index. Five randomly selected
competitive plants in each row of each replication for
all the characters were recorded for all the traits
under study except of days to 50 per cent flowering,
grain filling period and days to maturity which were
recorded on plot basis. The data subjected to
different statistical analysis viz., Phenotypic and
genotypic correlation coefficients of all the
characters were worked-out as per Al-Jibouri et al.
(1958) and path coefficient analysis was carried-out
as per the method suggested by Dewey and Lu
(1959).
RESULT AND DISCUSSION
Analysis of variance revealed that highly significant
differences among the genotypes were observed for
all the traits. Which indicating the presence of good
amount of genetic variability among the material
studied. The breeder is always concerned for the
selection of superior genotype on the basis of
phenotypic expression. However, for the quantitative
characters, genotypes are influenced by environment,
thereby effecting the phenotypic expression.
Information regarding the nature and extent of
association of morphological character would be
helpful in developing suitable plant type, in addition
to the improvement of yield a complex character for
which direct selection is not effective.
The genotypic correlations were higher than the
phenotypic correlation for most of the character
studied that indicating least environmental effects on
the expression of the traits (Table 1).
Grain yield per plant (g)
Grain yield per plant was found to be significantly
and positively correlated with biological yield per
plant, grain weight per main spike, 1000 grain weight
and number of grains per main spike at both the
genotypic and phenotypic levels. The positive
genotypic association have been reported between
grain yield per plant and biological yield per plant
(Yadav et al., 2009 and Gelalcha and Hanchinal,
2013); grain weight per main spike (Kumar et al.,
2009b); 1000 grain weight (Kumar et al., 2013a) and
number of grains per main spike (Gelalcha and
Hanchina, 2013). The grain yield per plant with
positive correlation at phenotypic level with number

of effective tillers per plant has been reported by
Singh et al., 2012 and Gelalcha and Hanchinal, 2013.
Days to 50% flowering
The days to 50% flowering showed negative and
significant correlation both at genotypic and
phenotypic levels with harvest index, grain filling
period and grain weight per main spike. This
character showed positive and significant correlation
both at genotypic and phenotypic levels with days to
maturity (Kumar et al., 2013b), plant height and
number of spikelet per main spike (Sharma et al.,
2006). Whereas remaining characters were nonsignificant at both the levels.
Grain Filling Period
Significant and negative correlation both at
genotypic and phenotypic levels for this trait with
grain filling period have been also reported by Munir
et al., 2007, 1000 grain weight by Singh et al., 2003
and Yadav et al., 2006a and grain weight per main
spike by Yadav et al., 2006a. The character grain
filling period exhibited positive and significant
correlation at genotypic and phenotypic levels with
peduncle length of main spike, which have been also
reported by Sharma et al., 2006 and Khan et al.,
2010.
Days to maturity
The days to maturity showed negative and significant
correlation at genotypic level with grain weight per
main spike and harvest index, while positive and
highly significant at both genotypic and phenotypic
levels with plant height and number of spikelet per
main spike. The association of days to maturity was
positive and highly significant with harvest index at
phenotypic level by Sharma et al., 2006 and Khan et
al., 2010.
Plant height (cm)
The plant height exhibited significant but negative
correlation for harvest index at genotypic level, while
positive and significant association with length of
main spike, peduncle length of main spike, number
of spikelet per main spike and biological yield per
plant both at genotypic and phenotypic levels by
Sharma et al., 2006 and Khan et al., 2010.
Number of effective tillers per plant
Number of effective tillers per plant exhibited
positive and significant association with biological
yield per plant, length of main spike and number of
spikelet per main spike at genotypic and phenotypic
levels. This character showed highly significant and
negative correlation with harvest index and
significant and negative with grain weight per main
spike at genotypic level by Sharma et al., 2006 and
Khan et al., 2010.
Length of main spike (cm)
Length of main spike exhibited highly significant and
positive correlation with number of spikelet per main
spike and biological yield per plant. Length of main
spike exhibited significant and positive correlation
with number of grain per main spike at both
genotypic and phenotypic levels. Whereas significant
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and negative correlation with harvest index and 1000
grain weight was found for this character. (Singh et
al., 2012 and Gelalcha and Hanchinal, 2013)
Peduncle length of main spike (cm)
Peduncle length of main spike was significantly and
positively correlated with the grain weight per main
spike only at genotypic level. Whereas remaining
characters were non-significant at both the levels.
Number of spikelet per main spike
Number of spikelet per main spike showed highly
significant and positive correlation with biological
yield per plant and number of grain per main spike at
both the genotypic and phenotypic levels. Significant
and negative correlation between number of spikelet
per main spike and harvest index and 1000 grain
weight at genotypic and phenotypic levels were
observed.
Number of grains per main spike
The number of grains per main spike was significant
and positively correlated with grain weight per main
spike and biological yield per plant.
Grain weight per main spike (g)
This trait showed highly significant and positive
correlation with 1000 grain weight and biological
yield per plant at both genotypic and phenotypic
levels while harvest index was highly significantly
and positively correlated at genotypic level and it
was significant and positive at phenotypic level.
1000 grain weight (g)
The trait 1000 grain weight showed positive and
significant correlation with biological yield per plant
at genotypic level only.
Biological yield per plant (g)
The biological yield per plant showed highly
significant and negative genotypic associations with
harvest index at genotypic level only.
Present finding are conformity with those reported
earlier in wheat by Sharma et al., 2006; Khan et al.,
2010; Bhushan et al., 2013; Gelalcha and Hanchinal,
2013; Kumar et al., 2013b and Kumar et al., 2014b.
The present results on correlation coefficients thus,
revealed that the biological yield per plant, grain
weight per main spike, number of grains per spike,
number of effective tillers per plant, 1000 grain
weight, length of main spike and harvest index were
the most important traits and may contribute
considerably towards higher grain yield. The
interrelationship among yield components would
help in increasing the yield levels and therefore,
more emphasis should be given to these components
while selecting better types in wheat.
Path coefficient analysis
While correlation values clarifies the interrelationship between different characters, path
coefficient splits the amount of inter relationship into
components, direct and indirect effects as exerted on
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dependent character. Therefore, in the present
investigation the direct and indirect effect of different
component characters as exerted on grain yield plant1
were estimated and presented in Table 2.
Path coefficient analysis indicated that the number of
effective tillers per plant, number of grains per main
spike, 1000 grain weight, biological yield per plant
and harvest index exhibited high and positive direct
effects on grain yield per plant. Thus, these
characters turned-out to be the major components of
grain yield. The characters like days to 50 %
flowering, grain filling period, days to maturity and
number of spikelet per spike exerted low and
negative direct effects on grain yield per plant. The
characters like plant height, length of main spike and
peduncle length of main spike exerted low and
positive direct effects on grain yield per plant.
The characters grain weight per main spike exerted
high but negative direct effects on grain yield per
plant. Bhushan et al. (2013) and Gelalcha and
Hanchinal, (2013) reported high and positive direct
effect of biological yield per plant and harvest index
on grain yield per plant in wheat. High and positive
direct effects on yield via number of effective tillers
per plant have been reported by Bhushan et al.
(2013); number of grains per main spike by Sen and
Toms (2007) and 1000 grain weight by Bhushan et
al. (2013). The positive direct effects of plant height
on grain yield have been reported earlier by Rangare
et al. (2010); length of main spike by Ihsan et al.
(2004) and peduncle length of main spike by Ihsan et
al. (2004).
The negative direct effects of days to maturity on
grain yield have been reported earlier by Singh et al.
(2012). The grain filling period, days to 50 %
flowering and number of spikelet per main spike
exhibited negative direct effect on grain yield per
plant have been reported earlier by Singh et al.
(2007). The grain weight per main spike exhibited
high and negative direct effect on grain yield per
plant have been reported earlier by Rangare et al.
(2010) and Bhushan et al. (2013).
The direct effect of number of grains per spike was
high and positive on grain yield per plant, with
positive effects via grain weight per main spike,
number of spikelet per main spike, biological yield
per plant and length of main spike. The direct effect
of 1000 grain weight on grain yield was high and
positive. This character also contributed indirectly by
exhibiting positive effect via grain filling period,
peduncle length of main spike, grain weight per main
spike, biological yield per plant and harvest index.
The character biological yield per plant exhibited
high and positive direct effect and contributed
indirectly by exerting positive indirect effect via all
characters expect harvest index.
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Table 1. Genotypic (rg) and phenotypic (rp) correlation coefficients among 14 characters in 50 genotypes of bread wheat
Characters

Grain yield per plant (g)
Days to 50% flowering
Grain filling period
Days to maturity
Plant height (cm)
Number of effective tillers per
plant
Length of main spike (cm)
Peduncle length of main spike
(cm)
Number of spikelet per main
spike
Number of grains per main spike
Grain weight per main spike (g)
1000 grain weight (g)
Biological yield per plant (g)

Days to
50%
flowering

rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp
rg
rp

-0.2468
-0.1057

Grain
Filling
Period

0.1581
0.1779
-0.4912**
-0.4624**

*, ** Significant at 5% and 1% levels, respectively

Days to Plant
maturity height
(cm)

-0.2077
-0.0254
0.9121**
0.8839**
-0.0909
0.0060

Number Length of Peduncle Number of Number
of
main
length of spikelet per of grains
effective
spike
main spike main spike
per main
tillers per
(cm)
(cm)
spike
plant

0.2284
0.2012
0.2089
0.5894**
0.4513** 0.2464
0.3937** 0.1917
0.2527
-0.0638
0.1788
0.0087
0.6349** 0.2517
0.5383** 0.2208
0.2272
0.1800

0.2713
0.2521
0.1463
0.1465
0.1994
0.1582
0.2611
0.2487
0.5989**
0.5663**
0.4786**
0.3068*

0.2543
0.209
-0.0672
-0.0626
0.4546**
0.3534*
0.1371
0.1158
0.5799**
0.5742**
-0.1003
-0.0032
0.1913
0.1988

0.1607
0.1851
0.4457**
0.4060**
0.1145
0.0983
0.5634**
0.5098**
0.5316**
0.4967**
0.4636**
0.3107*
0.6146**
0.5906**
0.0849
0.1058

Grain
weight
per main
spike (g)

1000 grain
weight (g)

0.5027** 0.7855** 0.5421**
0.4199** 0.6271** 0.3473**
-0.0767
-0.3607** -0.3137*
-0.0589
-0.2954* -0.2957*
0.2031
0.1897
0.1747
0.1744
0.2022
0.1457
0.0079
-0.3231* -0.2764
0.0256
-0.2265
-0.2566
0.2802*
0.0926
-0.0922
0.2735
0.1288
-0.0663
-0.0609
-0.2897* -0.1942
0.0582
-0.0242
-0.0953
0.3234*
-0.0236
-0.3122*
0.3347*
0.0443
-0.2919*
0.2683
0.2886*
0.0962
0.2508
0.2552
0.0963
0.4960** -0.0321
-0.4466**
0.4636** -0.0104
-0.4065**
0.6955** -0.2664
0.6634** -0.2469
0.4525**
0.4139**

Biological
yield per
plant (g)

Harvest
index (%)

0.8010**
0.8483**
0.1773
0.1617
0.1358
0.1507
0.2666
0.2618
0.4942**
0.3837**
0.5181**
0.6239**
0.4995**
0.4313**
0.2153
0.2046
0.5552**
0.4437**
0.3861**
0.3657**
0.4288**
0.4623**
0.2985*
0.2103

0.1576
0.2722
-0.6928**
-0.4809**
0.0143
0.0547
-0.7853**
0.5135**
-0.5131**
-0.3048*
-0.5572**
-0.0410
-0.4201**
-0.2962*
0.0213
0.0066
-0.6883**
-0.4365**
0.1511
0.1154
0.4782**
0.2924*
0.2901
0.2124
-0.4549**
-0.2589
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Table 2 Genotypic path coefficient analysis showing direct (diagonal and bold) and indirect effects of different characters on grain yield in 50 genotypes of bread
wheat
Characters

Days to 50% flowering

Days to

Grain

50%

Filling

flowering

Period

Days to
maturity

Plant
height
(cm)

Number of

Length

Peduncle

effective

of main

length of

tillers per

spike

main spike

plant

(cm)

(cm)

Number
of
spikelet
per main
spike

Number

Grain

1000

of grains

weight

grain

per main per main
spike

spike (g)

weight
(g)

Biological

Harvest

yield per

index

plant (g)

(%)

Genotypic
correlation
with grain
yield/plant

-0.1991

0.0978

-0.1816

-0.0899

-0.0491

-0.0291

0.0134

-0.0887

0.0153

0.0718

0.0625

-0.0353

0.1379

0.1154

-0.2349

0.0214

-0.0594

0.0150

-0.0468

-0.1068

-0.0269

-0.0477

-0.0466

-0.0410

-0.0319

-0.0034

0.1581

Days to maturity

-0.0164

0.0016

-0.0180

-0.0114

-0.0045

-0.0047

-0.0025

-0.0102

-0.0001

0.0058

0.0050

-0.0048

0.0141

-0.2077

Plant height (cm)

0.0317

0.0178

0.0447

0.0703

0.0160

0.0421

0.0408

0.0374

0.0197

0.0065

-0.0065

0.0348

-0.0361

0.2284

0.0292

-0.0076

0.0298

0.0269

0.1185

0.0567

-0.0119

0.0549

-0.0072

-0.0343

-0.0230

0.0614

-0.0660

0.2012

0.0097

0.0132

0.0173

0.0396

0.0316

0.0661

0.0126

0.0406

0.0214

-0.0016

-0.0206

0.0330

-0.0278

0.2713

-0.0029

0.0195

0.0059

0.0249

-0.0043

0.0082

0.0429

0.0036

0.0115

0.0124

0.0041

0.0092

0.0009

0.2543

-0.0455

-0.0117

-0.0575

-0.0542

-0.0473

-0.0627

-0.0087

-0.1020

-0.0506

0.0033

0.0456

-0.0567

0.0702

0.1607

-0.0516

0.1368

0.0053

0.1887

-0.0410

0.2178

0.1807

0.3340

0.6734

0.4683

-0.1794

0.2600

0.1018

0.5027**

0.1234

-0.0649

0.1105

-0.0317

0.0991

0.0081

-0.0987

0.0110

-0.2379

-0.3421

-0.1548

-0.1467

-0.1636

0.7855**

-0.1898

0.1057

-0.1673

-0.0558

-0.1175

-0.1889

0.0582

-0.2702

-0.1612

0.2738

0.6051

0.1806

0.1755

0.5421**

0.1065

0.0816

0.1602

0.2969

0.3112

0.3001

0.1293

0.3335

0.2320

0.2576

0.1793

0.6007

-0.2733

0.8010**

-0.1574

0.0032

-0.1784

-0.1166

-0.1266

-0.0955

0.0048

-0.1564

0.0343

0.1087

0.0659

-0.1034

0.2272

Grain Filling Period

Number of effective
tillers/plant
Length of main spike (cm)
Peduncle length of main spike
(cm)
Number of spikelet per main
spike
Number of grains per main
spike
Grain weight per main spike (g)
1000 grain weight (g)
Biological yield per plant (g)
Harvest index (%)

*, ** Significant at 5 % and 1% levels, respectively
Residual effect, R = 0.1307
N.B.: Values at diagonal indicate direct effects of respective character

-0.2468

0.1576
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In the present study, the characters like number of
grains per main spike, grain weight per main spike,
1000 grain weight and biological yield per plant
showed positive and significant association with
grain yield per plant, as well as high and positive
direct effect on grain yield per plant except grain
weight per main spike. Hence, these characters may
be considered as the most important yield
contributing characters and due emphasis given on
these components while breeding for high yielding
types in wheat.
This type of relationship is due to manifold effect of
gene(s). It therefore becomes very difficult to
partition such effects by selecting particular
characters that are so related. Information obtained
from correlation study cannot reflect or give
complete idea about the contributors of each
character. Therefore, it is important to establish the
genetic basis of correlation before initiating breeding
programme aimed at yield improvement through
component traits. Path coefficient analysis is
however, more useful for partitioning of direct and
indirect causes of correlation and also enables
breeders to compare the component factors on the
basis of their relative contributors.
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Abstract: The present investigation was carried out at Crop Research Centre, Chirori of Sardar Vallabhbhai Patel University
of Agriculture and Technology, Meerut (U.P.) with eleven different treatments viz; T1(Recommended NPK), T2
(Recommended NP), T3 (Recommended NK), T4 (Recommended PK), T5 (Recommended NPK+ wheat residue @ 5 ton ha1
), T6 (Recommended NPK + FYM @ 10 ton ha-1), T7 (SSNM 100 : 60 : 60: 25 : 30 : 5 i.e. N P K Zn S B), T 8 (SSNM-P), T9
(SSNM-K), T10 (SSNM-K+ wheat residue @ 5 ton ha-1) and T11 (SSNM + wheat residue @ 5 ton ha-1) in three replications
and in Randomized Block Design. The rice variety Pusa basmati 1509 was grown and nutrient uptake and soil properties as
influenced by different treatments were assessed. Results obtained from the study revealed that with the use of balanced
inorganic fertilizer alone or in combination with organic fertilizer, physical properties of soil due to improvement in OC gkg1
through more biomass addition in the soil. Significant reduction in BD was noticed where more biomass was added into the
soil. Treatments having integration of sources/ nutrients (T6, T7 and T11) distinctly showed the improvement in OC %,
availability of N, P, K, S, Zn, B, Fe and led to better soil environment over T 4. Uptake of N, P, K, S, Zn, B and Fe by rice
under different treatments was also found to be significantly higher than T4. The grain yield of rice was significantly higher
in combined use of organic & inorganic fertilizer treated plot than only inorganic one. However, no significant variation was
observed in the grain yield where N, P, K + wheat residue, N, P, K + FYM and SSNM package + wheat residue treated plots.
Keywords: Basmati rice, Nutrient removal, Physico-chemical properties of soil

INTRODUCTION

T

he most of Indian soils are low in available N
and P but medium in available K (Jena et al.,
2008).The imbalanced and injudicious use of
fertilizer is very important, which not only reduces
nutrient use efficiency but also causes nutrient
imbalance in soil resulting in decreased crop yield
(Ladhaet al., 2005). Therefore, nutrients application
in rice-wheat cropping system on site-specific soil
test basis including micronutrients along with major
nutrients for higher productivity and profitability is
most important (Mauriya et al., 2013). Site-specific
nutrient management (SSNM) provides guidelines,
tools and strategies that allow farmers to determine
when and how much nutrients they need to apply to
their rice fields under actual growing conditions in a
specific season and location. Moreover, SSNM is a
plant-based approach that provides principles that
can be used everywhere. SSNM provides a fieldspecific approach for dynamically applying nutrients
to rice as and when needed (Dobermann et al., 2002).
Nutrients interact when increasing one nutrient
influences the nutrient uptake or translocation of
another nutrient. N-P and N-K interactions are
commonly observed. Though, the adequate
application of chemical fertilizers has continue to
increase the yield of paddy but the response in terms
of kg grain kg-1 of nutrient declined (Tiwari, 2002).
Moreover, crop residue is one of major sources of
organic matter and plant nutrient if it is managed
properly. Incorporation of crop residues preserved

plant nutrients as well as improve physical, chemical
and biological properties of soil, (Rao and
Mikkelson, 1976).
Organic manures such as farmyard manure (FYM)
applications improved soil physical properties
through increased soil aggregation (Hati et al., 2007).
It also improves the chemical and biological
conditions of soil, increasing cation exchange
capacity and providing various vitamins, hormones
and organic acids which are very important for soil
aggregation and beneficial micro-organism which
involved in various bio-chemical process and release
of nutrients.
MATERIAL AND METHOD
Experimental details
A field experiment was conducted during kharif
season 2012 and 2013 at Crop Research Centre of
SardarVallabhbhai Patel University of Agriculture
and Technology, Meerut (U.P.), the area lie at a
latitude of 29o40’ North and longitude of 77o42’ East
with an elevation of 237 metres above mean sea level
(MSL). Mean weekly maximum temperature varied
from 34.9 0C in 30th week (July, 23-29) to 31.6 0C in
36th week (September, 3-9), and the mean weekly
minimum temperature ranged from 21.1 0C.The total
of 648 mm rainfall was received during the growing
season. The treatments comprised T1 (Recommended
NPK), T2 (Recommended NP), T3 (Recommended
NK), T4 (Recommended PK), T5 (Recommended
NPK+ wheat residue @ 5 ton ha-1), T6

*Corresponding Author

________________________________________________
Journal of Plant Development Sciences Vol. 9 (2) : 85-91. 2017

86

YOGESH KUMAR, SHUBHAM KUMAR, SATENDRA KUMAR, B.P. DHYANI, ADESH SINGH, ASHISH
DWIVEDI, RAVINDRA KUMAR, MUKESH KUMAR, S.P. SINGH AND ASHOK YADAV

(Recommended NPK + FYM @ 10 ton ha-1), T7
(SSNM 100 : 60 : 60: 25 : 30 : 5 i.e. N P K Zn S B),
T8 (SSNM-P), T9 (SSNM-K), T10 (SSNM-K+ wheat
residue @ 5 ton ha-1) and T11 (SSNM + wheat
residue @ 5 ton ha-1) and were tested in Randomized
Block Design with three replications.
Site descriptions
The soil of the experimental field was well drained,
loam in texture (51.9 % sand, 28.2 % silt and 19.9 %
clay) and slightly alkaline in reaction (pH 7.68). The
experimental soil was low in available nitrogen and
medium in available phosphorus and available
potassium with an electrical conductivity (1:2.5, soil:
water extract) of 0.25 dSm-1. All the physicochemical properties were analyzed as per the
standard procedures given by Jackson (1973).
Crop growth
Rice (Pusa Basmati-1509) was grown as per
recommended package of practices with 20 cm x 15
cm (R x P) apart and transplanted on 19th July 2015
and harvested on 9th November 2015. A thin layer of
water (approximately 3.0 cm) was maintained during
the initial stage of crop growth for better
establishment of seedlings and maximum 5.0 cm at
tillering stage and later an intermittent irrigation at
the time of panicle initiation, flowering and grain
formation stage were applied by using 1.5 m wide
irrigation channel. Two days after transplanting
Butachlore @ 1.3 liter ha-1 was applied to control the
weed. In order to control insect, the recommended
insecticide as Cartap hydro chloride 4G and to
control the disease recommended fungicide as
Carbendazim @ 0.1% etc were applied on the basis
of economic threshold level (ETL). Grain yield was
estimated from the produce of net plot area,
treatment wise and finally expressed at 14 %
moisture.
Plant sampling and analysis
The plants measured for growth and yield were used
for analyzing the nutrient content in plant (at 30 and
60 DAT, grains and straw). The samples were dried
at 70 °C in a hot air oven. The dried samples were
ground in a stainless steel Thomas Model 4 Wiley ®
Mill. The N content in plant was determined by
digesting the samples in sulphuric acid (H2SO4),
followed by analysis of total N by the Kjeldahl
method using a Kjeltec™ 8000 auto analyzer (FOSS
Company, Denmark). The P content in plant was
determined by the vanadomolybdo-phosphoric
yellow colour method and the K content was
analyzed in di-acid (HNO3 and HClO4) digests by the
flame photometeric method (Page, 1982). Sulphur
was determined by Turbidmetric methods. Zinc was
determined DTPA extractant and estimated on
atomic absorption spectrophotometer (GBC Avanta
PM Modal) and Boron was determined by
Azomethine-H Colour Method (Lindsay and Norvell,
1978). The uptake of the nutrients was calculated by
multiplying the nutrient content (%) by respective

yield (kg/ha-1) and was divided by 100 to get the
uptake values in kg/ha-1.
Soil sampling and analysis
Soil samples were collected at the start of the
experiment from 0 to 15 cm soil depth using an auger
of 5-cm diameter. Each sample was a composite
from three locations within a plot. The freshly
collected soil samples were mixed thoroughly, airdried, crushed to pass through a 2-mm sieve and
stored in sealed plastic jars before analysis. Available
N (Alkaline permanganate method), Olsen P (0.5
mol/L NaHCO3 extractable), NH4OAc–extractable K
were analyzed using the methods described by Page
(1982). Sulphur was determined by Turbidmetric
methods. Zinc was determined DTPA extractant and
estimated on atomic absorption spectrophotometer
(GBC Avanta PM Modal) and Boron (ppm) was
determined by Azomethine-H Colour Method
(Lindsay and Norvell, 1978). The samples for
determination of soil physical properties like pH was
determined with the help of glass electrode on a pH
meter in 1:2.5 soil: water suspension at 250 C
(Jackson, 1973). The electrical conductivity was
estimated with the help of EC meter in 1:2.5 soils:
water suspension at 250 C and expressed as d sm-1
(Bower & Wilcox, 1965). Bulk density was
measured to a depth of 20-cm at intervals of 5-cm
soil depth using the core-ring method and one core
per layer of each plot was collected and the samples
were oven-dried for 48 h at 105 °C, weighed and
bulk density calculated as per the standard methods.
The soil organic carbon was estimated by the
procedure given by (Walkley and Black, method)
rapid titration method (Jackson, 1973).
Statistical analysis
The data obtained were subjected to statistical
analysis as outlined by Gomez and Gomez (1984).
The treatment differences were tested by using “F”
test and critical differences (at 5 per cent
probability).
RESULT AND DISCUSSION
Nutrient uptake
Treatment T11 (SSNM package with wheat residue)
removed significantly higher N by grain and straw
and remained at par with T6 at harvest stage (grain
and straw). The uptake of N is the product of N
content and dry matter yield. Since N content and dry
matter yield was higher in T11 therefore, higher
uptake is obvious.Similar opinion was also put
forward for wheat residue incorporation reduced N
content and the accumulations of N, P, and K in
plants at the early growth stage, increased P and K
contents in plants during the whole growth period
Xuet al. (2008).
Maximum P uptake at harvest was recorded by the
application of 100:60:60:25:30:5 kg ha-1 N: P: K: Zn:
S: B with wheat residue while minimum where only
recommended PK was applied. It was also mainly

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (2)

due to lack of application all nutrient and deficiency
of such nutrients in soil of Western Uttar Pradesh.
Moreover, increase in P uptake under T11 was might
be due to fact that higher organic matter content in
soil favour the high availability of nutrient to the
crop, besides good activity of microbial biomass and
hence P contribution to the available pool. These
results are corroborated with the finding of Wanga et
al. (2000).
Treatment which received SSNM package and wheat
residue resulted significantly higher K uptake by
grain and straw. It might be due to supplementation
of addition K through added crop residue. The
increase K uptake in organic along with inorganic
treated plot over NP and PK fertilizer plot may be
due to continuous and steady supply of K from wheat
residue with inorganic treated plot. The results are
consonance with the finding of Wanga et al. (2000).
Whereas, minimum K uptake by grain and straw
under T4 (recommended PK).The results indicated
that both wheat residue application and SSNM can
increase absorption and use efficiency of N, P, and K
by rice plants.
Application of wheat residue along with SSNM
package noticed significantly higher uptake of Zn
than recommend NPK. It was followed by T 6. When
wheat residue applied conjunction with chemical
fertilizer help in increase the micro nutrients
availability and sustained it over a long time.
Microbial decomposition of organic manure (wheat
residue) with simultaneous release of organic acid as
a chelating agent might have favoured the
availability of micro-nutrient in soil and their
absorption by crop. Although recommended PK
showed minimum Zn content followed by
recommended NP at harvest stages.
Application of SSNM package along with additional
sources of nutrients as wheat residue brought a
significant difference in S uptake by plant at harvest
stageswhere T11 (SSNM package with wheat residue)
removed significantly higher sulphur by grain and
straw, and lowest uptake in T 4 (recommended PK).
The increase S content in (T11) SSNM package (N, P,
K, S, Zn and B) with incorporate wheat residue
might be due to decay of organic matter (wheat
residue) and additional sulphur application.
Boron uptake by grain and straw under T 4 was
significantly lower than other treatments. Maximum
uptake was noticed under inorganic as well as
organic treated plots (T11) followed by combine use
of fertilizers NPK with FYM treated plots (T 6). The
possible reason may be the beneficial effect of wheat
residue when applied in conjunction with chemical
fertilizer on the higher micro nutrients availability
sustained for a long time. Boron uptake was
influenced by different treatments significantly.
The maximum iron uptake g ha-1 found in T11 was
significantly higher than the rest of the treatments
and statistically at par to T6 by grain and straw, while
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minimum iron uptake recorded in T 4 was
significantly lower than the rest of the treatments.
Physico-chemical properties of soil
After harvesting the slight variation was observed in
soil available nutrients (N, P, K Zn, S, B and Fe)
organic carbon, pH, Electrical conductivity and Bulk
density than the initial value. Soil is the vital
recourses that non-renewable on human times
scale.Available N, P, K, Zn, S, B and Fe decline with
the advancement of crop age and reached to
minimum at harvest stage was probably due to
increase absorption of available nutrients with
growth and development.
Moreover, maximum N was observed by the
application of SSNM package along with wheat
residue at all the stages might be due to additional
application of N in the form of wheat residue apart
from application of N through fertilizer under this
treatment and exceed applied wheat residue, Beside
improvement in organic carbon another most
important factor to improve the nitrogen. Application
of crop residue improved N availability, but not P
availability according to Van et al. (2005). Organic
carbon remained higher under application of wheat
residue and FYM along with recommended dose.
Phosphorus availability was higher in T 1 at tillering
in T6 at P.I. and harvest stage, probably may be due
to application of recommended NPK in case of T1
and additional application of FYM with
recommended NPK. Present finding is in conformity
with the report of other investigator Pooniya et al.,
2015. However more available K was observed
under application of wheat residue along with 100 kg
N, 60 kg P, 60 kg K, 25 kg Zn, 30 kg S and 5 kg B.
Mixing of wheat residue and FYM was also brought
significant improvement over recommended NP (T 2),
recommended PK, (T4) and recommended NK (T3).
The improvement of K was might be due to slow and
steady supply of K from the decomposition of
organic residue. Furthermore, T 4 and T3 treatment
observed significantly lower available Zn probably
due to high removal from soil with high biomass
production and without application of Zn fertilizer.
High availability of zinc noticed with the application
SSNM package along with wheat reside together was
might be due to application of Zn in such treatment
role of organic matter in increase the zinc
availability. Mauriya et al. (2015) reported that
application of N150 P60 K120 S40 B5 Mn20 Zn25 kg ha-1
in rice left a substantial residual effect of Zn for
succeeding wheat crop. Our results also find support
from this work.
Moreover, available S was higher under application
of wheat residue along with 100kg N, 60 kg P, 60 kg
K, 25 kg Zn, 30 kg S and 5 kg B and statistically at
par to T6 and T7. Mixing of wheat residue and FYM
was also brought significant improvement compare
to recommended PK (T4) and recommended NK (T 3).
Since rest of the sulphur in soil is of organic nature.
The availability depends on level and type of organic
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sulphur. Elevated levels of organics in soil will
certainty increase the organic sulphur therefore, high
availability is well expected.
More Boron was available in combined (inorganic
and organic) treated plots as compare to only
chemically treat plots at all the stage of soil analysis.
A significant difference in available boron was
noticed between treated and untreated plot with
wheat residue. Significantly higher available Boron
was recorded in T11 (SSNM package with wheat
residue) and lowest in T4(recommended PK).This
may be due to supplementation of boron through
inorganic fertilizer Borax as well as wheat residue.
Availability of iron in soil was significantly lower in
T4 (recommended PK).This may be due poor plant
growth in said treatment by which the redox state of
soil will not be favourable for reduction of ferric iron
and thereby lower available. Higher available noticed
by the application SSNM package with wheat residue
might be due to application of wheat residue which
will improve iron availability.
Without statistical analysis, data revealed that higher
soil pH was found in T11, T4 and T10 and lower soil
pH T2, T5 and T1 treatment at tillering, P.I. and
harvesting stage respectively. The Uttar Pradesh soil
are lower in available nitrogen and somewhat in P
therefore, less ammonical nitrogen is supposed to be
present in soil for root absorption in control plot (T 4)
therefore, decrease in soil pH under control treatment
was slightly lower than rest of its level. Our results
collaborate with the finding of Upadhyay et al.
(2011).
Electrical conductivity was higher with the
application of N, P, K, S, Zn, B and N, K, S, Zn, B
while, lower was shown in recommended NK and
recommended PK treatments. The improvement in
electrical conductivity with SSNM package might be
due to application of more nutrients which results in
higher ionic strength that represents the higher
electrical conductivity with increment of nutrient in
the soil.
No significant change in bulk density g cm-3 was
observed in different treatments. Lower value of
bulk density of soil at harvest was found with the

combine use of organic and inorganic or balance use
of inorganic fertilizer. This may be attributed to the
cementation effect of organic matter and better root
growth after harvest of crop. This finding is in
agreement with the observation of Upadhyay et al.
(2011). The magnitude of increment was lower in
combine use of organic manure and inorganic
fertilizers treated plot as compare to inorganic
fertilizers alone treated plots. Approximately 5 %
increase in the bulk density g cm-3 was noticed from
tillering stage to harvest stage due to addition of
organic manure (FYM). However the change was not
significant from those where inorganic fertilizers
were added. The increased bulk density due to
addition of organic manures has been also reported
by Santhi et al. (1999).
Maximum organic carbon g kg-1 observed with the
application of SSNM package along with wheat
residue at all the stages might be due to additional
application of wheat residue and higher biomass
production. Organic carbon remained higher under
application of FYM along with recommended dose
while, lower in recommended PK treatments.
Improvement in soil fertility with the use of organic
has been reported by Mauriya et al. (2015).
Yields
Application of SSNM package along with wheat
residue produced higher grain yield and remained
statistically alike with T5 (recommended NPK with
wheat residue) and T6 (recommended NPK with
FYM). Maximum straw yield was noticed in T 2
(recommended NP) statistically at par with T1, T3,
T5, T9 and T11 but significantly higher to all the rest
treatments whereas, lowest yield was found under
recommended PK at harvest stage. The yield
increase under SSNM package along with wheat
residue was probably due to beneficial effect of
balanced nutrition which had promoted tillering and
plant height with increased cell division,
enlargement, photosynthesis and protein synthesis
which are responsible for quantitative improvement
in plant growth. The similar opinions were also
forwarded by Mauriya et al. (2013).

Table 1. Effect of different fertility level on nutrient uptake of basmati rice
Treatment

N Uptake
-1

(kg ha )

P Uptake
-1

(kg ha )

K Uptake
-1

(kg ha )

Zn Uptake
-1

(g ha )

S Uptake
-1

(kg ha )

B Uptake
-1

(g ha )

Fe Uptake
(g ha-1)

Grain

Straw

Grain

Straw

Grain

Straw

Grain

Straw

Grain

Straw

Grain

Straw

Grain

Straw

T1

54.27

36.36

5.07

5.07

9.80

105.51

119.78

282.34

2.29

22.65

20.76

35.87

348.93

430.73

T2

40.78

33.72

4.51

4.51

7.81

81.52

87.82

262.67

1.65

19.17

16.96

30.13

283.94

290.24

T3

47.00

34.19

4.16

4.16

8.37

93.85

87.09

262.15

1.68

20.05

17.53

31.69

258.09

302.18

T4

26.19

24.05

3.17

3.17

6.16

68.12

60.21

197.21

0.89

14.37

12.42

22.50

196.58

214.27

T5

54.89

39.97

5.40

5.40

11.30

130.59

144.33

338.66

3.58

27.18

23.13

41.32

483.98

684.61

T6

59.15

42.93

5.68

5.68

10.95

129.91

148.23

368.91

3.97

28.43

23.14

46.32

502.49

694.12

T7

55.15

38.35

5.32

5.32

10.93

123.12

145.23

350.81

4.14

27.00

22.17

42.37

488.81

661.68

T8

51.22

34.94

4.80

4.80

9.48

117.18

110.85

272.82

2.55

21.98

20.53

34.98

357.26

498.28

T9

50.74

35.93

4.56

4.56

8.96

97.63

90.65

278.53

1.84

20.96

19.00

34.59

313.93

411.06

T10

55.99

35.76

5.20

5.20

10.57

117.79

137.72

271.65

3.11

22.58

22.08

35.55

446.77

606.49
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T11

64.55

45.52

6.13

6.13

12.64

136.37

168.35

379.91

5.50

31.55

28.51

47.81

554.32

732.03

SEm±

1.98

1.04

0.18

0.18

0.61

2.49

6.78

6.74

0.47

1.07

1.95

3.18

17.45

12.92

CD at 5%

5.89

3.07

0.52

0.52

1.82

7.41

20.25

20.03

1.39

3.19

5.84

9.29

52.26

38.42

Table 2. Effect of different fertility level on physical properties of soil
Bulk density (g cm-3)

Treatment

Electrical conductivity (dSm-1)

Organic carbon (g kg-1)

pH (1:2.5 soil water)

Tillering

P.I.

Harvesting

Tillering

P.I.

Harvesting

Tillering

P.I.

Harvesting

Tillering

P.I.

Harvesting

stage

stage

stage

stage

stage

stage

stage

stage

stage

stage

stage

stage

T1

1.33

1.37

1.41

0.28

0.26

0.25

7.45

7.20

7.31

4.19

4.04

3.84

T2

1.35

1.38

1.43

0.36

0.33

0.30

7.29

7.39

7.36

4.05

3.93

3.81

T3

1.36

1.37

1.40

0.24

0.27

0.23

7.39

7.23

4.19

4.10

3.90

T4

1.35

1.39

1.43

0.25

0.24

0.25

7.36

7.47

7.59

3.94

3.81

3.31

T5

1.32

1.34

1.36

0.32

0.28

0.26

7.30

7.17

7.32

4.42

4.52

4.05

T6

1.29

1.31

1.35

0.31

0.29

0.26

7.41

7.23

7.35

4.59

4.48

4.01

T7

1.33

1.36

1.39

0.45

0.42

0.40

7.45

7.32

7.45

4.09

4.05

3.97

T8

1.34

1.37

1.43

0.48

0.45

0.38

7.39

7.36

7.50

4.04

3.90

3.41

T9

1.34

1.37

1.42

0.43

0.41

0.32

7.44

7.41

7.59

4.01

3.85

3.28

T10

1.32

1.34

1.43

0.45

0.37

0.31

7.43

7.29

7.61

4.53

4.36

3.86

T11

1.31

1.32

1.35

0.28

0.25

0.24

7.57

7.27

7.36

4.64

4.54

4.10

SEm±

0.67

0.68

0.70

0.01

0.01

0.02

-

-

-

0.036

0.031

0.044

CD at 5%

N.S.

N.S.

N.S.

0.04

0.04

0.04

-

-

-

0.106

0.095

0.130

7.43

Table 3. Effect of different fertility level on primary and secondary nutrient (chemical properties) of soil
Treatment

Available nitrogen (kg ha-1)

Available phosphorus (kg ha-1)

Available potassium (kg ha-1)

Available Sulphur (kg ha-1)

Tillering

P.I.

Harvesting

Tillering

P.I.

Harvesting

Tillering

P.I.

Harvesting

Tillering

P.I.

stage

stage

stage

stage

stage

stage

stage

stage

stage

stage

stage

stage

T1

263.04

254.54

233.78

13.05

12.07

10.64

268.0

251.6

235.7

16.38

15.92

15.85

T2

268.40

249.87

230.65

12.94

11.26

10.92

256.3

239.7

225.3

13.01

12.68

12.05

T3

268.12

247.13

227.65

11.64

11.12

10.45

259.6

247.1

235.0

13.72

12.80

12.07

T4

248.20

227.38

208.54

11.90

11.78

10.62

258.7

250.1

243.7

12.93

11.73

11.12

T5

265.30

262.30

231.67

12.35

11.84

11.43

277.6

263.5

243.0

21.47

19.82

19.36

T6

272.60

263.30

235.80

12.85

12.30

11.53

279.5

260.4

240.4

23.84

22.94

20.77

T7

266.76

257.31

233.54

12.39

11.93

11.45

275.1

262.7

246.2

23.38

22.74

21.12

T8

270.56

256.80

220.43

11.19

11.01

10.87

264.6

258.6

240.0

17.84

16.41

16.03

T9

268.60

253.20

222.95

12.71

11.78

11.33

261.3

246.0

233.9

16.94

15.44

14.82

T10

268.80

263.22

247.95

12.53

12.05

11.00

273.8

249.5

239.0

20.76

19.36

19.05

T11

274.67

266.21

250.52

12.54

11.65

11.32

281.1

265.4

247.2

26.28

24.55

23.61

1.00

0.92

0.09

0.09

0.04

1.7

1.0

0.6

0.78

0.95

2.99

2.74

0.27

0.26

0.12

3.7

2.9

1.9

2.31

2.84

SEm±
CD at 5%

1.51
4.47

1.01
3.00

Harvesting

Table 4. Effect of different fertility level on micronutrient (chemical properties) of soil
Available zinc (mg kg-1)

Treatment

Available Boron (mg kg-1)

Available Iron (mg kg-1)

Tillering

P.I.

Harvesting

Tillering

P.I.

Harvesting

Tillering

P.I.

stage

Stage

stage

stage

stage

stage

stage

stage

Harvesting
stage

T1

1.00

0.93

0.89

0.68

0.65

0.58

16.78

16.17

15.23

T2

0.87

0.83

0.78

0.57

0.54

0.49

15.98

14.05

13.76

T3

0.84

0.82

0.79

0.58

0.56

0.55

16.02

15.15

14.34

T4

0.85

0.81

0.76

0.54

0.48

0.46

14.52

13.54

12.18

T5

1.28

1.05

0.95

0.93

0.77

0.66

20.06

18.51

16.65

T6

1.40

1.27

1.18

0.94

0.80

0.76

20.85

19.02

17.14

T7

1.39

1.17

0.96

0.97

0.82

0.78

21.26

19.15

17.35

T8

1.08

0.94

0.93

0.73

0.73

0.59

18.75

17.46

15.76

T9

0.99

0.86

0.82

0.63

0.61

0.57

16.26

15.52

14.86

T10

1.29

1.02

0.98

0.84

0.78

0.64

19.26

17.85

16.32

T11

1.43

1.31

1.21

1.03

0.87

0.83

22.71

20.62

19.19
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SEm±

0.02

0.02

0.01

0.03

0.03

0.02

0.56

0.71

0.73

CD at 5%

0.05

0.05

0.04

0.09

0.08

0.07

1.68

2.12

2.18

T9

T10

Yields (q ha-1)
70
60
50
40
30
20
10
0
T1

T2

T3

T4

T5
Grain

CONCLUSION
On the basis of experimental findings it can be
concluded that for highest grain yield of rice along
with wheat residue application of nutrients on SSNM
base is best option. The SSNM based nutrient
managements was found superior in term of nutrient
uptake and gave more residual soil fertility. SSNM
for rice is better than conventional practices of NPK
application.
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Abstract: Long-term manure application can alter a soil’s ability to sequester nutrients and mineralize C and N. However,
knowledge about the decomposition and mineralization of C and N from long-term addition of organic materials in soils is
lacking. Therefore, a laboratory incubation study was carried out to evaluate the C and N mineralization in a soil to which
three organic manures (15 Mg FYM or 5 Mg poultry manure or 7.5 Mg pressmud per ha-1) and chemical fertilizers were
applied alone or in combination. The results revealed that C mineralization rate was found to be increased with application of
organic manures and amount of CO2 evolved was further increased when organic manures were applied in combination with
chemical fertilizers. Application of FYM, poultry manure and pressmud along with recommended dose of N and half of P
increased the amount of CO2 evolved by 18.1, 1.7 and 14.0 %, respectively, over application of recommended dose of N and
P fertilizers. After 60 days of incubation, the highest (1868.0 mg kg-1) and lowest (1055.4 mg kg-1) amount of CO2 was
evolved in treatment FYM15N150 and N75P30, respectively. Among the organic manures, amount of CO2 released followed the
order: FYM>pressmud>poultry manure. Carbon mineralization increased with the progress of incubation and rate of increase
was higher at initial stages and decreased gradually. Application of FYM15, poultry manure5, pressmud7.5 along with
recommended dose of N and half of recommended P increased nitrogen mineralization potential by 2.08, 3.22 and 12.69 %
over application of recommended dose of NP fertilizers, respectively. Among the organic manures, higher N mineralization
potential was observed with application of pressmud as compared to FYM or poultry manure. Application of FYM and
poultry manure alone reported lower N mineralization potential as compared to recommended dose of N and P fertilizers.
Keywords: Organic manures, Fertilizers, N mineralization, CO2 evolution

INTRODUCTION

I

ndian agriculture facing the problems of stagnation
or even decline in production and factor
productivity of major crops, deterioration of soil
fertility, low diversity in production systems and
increasing cost of production etc. These issues are
directly related to the quantity of soil organic matter
(SOM) which is a critical component of soil
productivity and their maintenance is important for
the long-term productivity of agro-ecosystems
(Goyal et al., 1999). Soils of arid and semiarid
regions are low in organic matter and addition of
organic amendments is a suitable strategy to achieve
soil recuperation in these areas (Mandal et al., 2007
and Bastida et al., 2008).
Addition of organic materials stimulates the natural
soil
micro-organisms
and
governs
the
biogeochemical cycles (Watts et al., 2010). The
SOM influences soil fertility and productivity of soil
as well as carbon (C) and nitrogen (N) mineralization
capacities of the soil, which determines the
availability of plant nutrients (Stevenson, 1994 and
Fernandez et al., 2007). The biological
decomposition of organic sources depend on the
degradation rate of a wide variety of C compounds
like carbohydrates, amino acids, fatty acids, lignin
and nutrients present in the substrates. Thus, the
amount of CO2-C released from organic wastes in
soil depends on the type of plant residues or animal

manures
added
(Khalil
et
al.,
2005).
Practices/conditions that favor higher evolution of
carbon dioxide contribute to the more loss of organic
matter from soil and vice-versa. A good farming
practice can decrease CO2 evolution into the
atmosphere and enhance soil fertility and
productivity. Increasing C sequestration in
agricultural soils and making soil as a net sink for
atmosphere C can be achieved by adoption of the
best management practices. On other hand, present
structure and output of agricultural systems could not
be maintained with no applications of chemical
fertilizers. Although most of the agricultural crops
respond to N fertilizers applications, however, it is
most difficult to manage because it is lost most
readily from oxidized and reduced soil layers. The N
availability for crops includes the inorganic N (NO 3-N and NH4+-N) in manure and fertilizers plus the
amount of organic N mineralized following
application. Mineralization of N is the transformation
of N from organic into inorganic form which
produces NH4+-N and NO3--N, which are absorbed
by plants. Therefore, mineralization governs the
supply and magnitude of mineral N from soil to
plants. The net production of mineral-N depends
upon the outcome of the mineralizationimmobilization turnover rate (Wang et al., 2003).
The N mineralization differs for different manure
types since the inorganic/organic fraction and quality
of organic N varies (C/N ratio) (Anggria et al.,
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2012). The N supplying capacity of organic
amendments in soil depends on both the initially
available inorganic N present in the amendments and
long term rate of mineralization of N in soil.
Therefore, accurate estimation of N mineralization is
essential for determining the rate of fertilizer
application, optimizing NUE and minimizing adverse
impacts of excessive N on the environment.
However, many of fertilization effects on the soil
become apparent only in long-term field
experiments. Because, continuous cropping and longterm fertilization are liable to change soil properties
and crop production, depending upon the type of
management practices. These experiments provide
valuable information regarding the impacts of
continuous application of fertilizers in varying
combinations on soil health and crop productivity,
which can be used for precise monitoring of changes
in soil fertility, dynamics of nutrient processes and
trends in crop yields.
Therefore, for efficient management of organic
amendments, it is important to take into account the
decomposition rate of organic amendments and their
influence on N cycling processes within the soil.
Considering all above aspects, the present study was
carried out to evaluate the effects of long term
application of fertilizers along with organic manures
on C and N mineralization in soil under pearl milletwheat cropping system.

in a year at the time of wheat sowing. N and P were
applied through urea and DAP, respectively.
Representative samples of surface soil (0-15 cm
depth) were collected from field at the harvest of
wheat crop in April, 2014. The samples were air
dried, grounded and sieved using 2 mm sieve. 100 g
soil was amended with organic manures (FYM,
poultry manure and pressmud) and chemical
fertilizers as per requirement of the above treatments
and then incubation studies were performed to
determine the C and N-mineralization. For Nmineralization, 50 g soil was incubated for 30 days at
250C and then soil was extracted with 2M KCl. The
NH4-N and NO3-N in the extract was determined by
Keeney and Nelson (1982) method. N mineralization
potential was calculated as the difference between
the final (Day 30) and initial (0 Day) mineral- N
content. C mineralization was determined by
periodical quantification of CO2 evolution for 60
days following the method of Pramer and Schmidt
(1964). Fifty gram air dried soil from each soil
sample was placed in 500 ml Erlenrneyer flasks at
field capacity. CO2 evolved was trapped in 0.1 N
NaOH and was estimated by titrating with 0.1 N HCl
using phenolphthalein as indicator in presence of
saturated barium chloride solution. The observation
of CO2 was measured at 3, 10, 20, 28, 37, 44, 51 and
60 days after organic manures and fertilizers
application.

MATERIAL AND METHOD

RESULT

An ongoing long-term field experiment established
during Rabi 1995 on a coarse loamy, Typic
Ustochrept soil at CCS Haryana Agricultural
University, Hisar (India) was selected to study the
long term effects of various combinations of organic
manures and fertilizers on carbon and nitrogen
mineralization potential of soil. The experimental site
is located at 29o16’N latitude and 75o7’E longitude in
north-west part of India. The climate of the area is
semi arid with a mean annual precipitation of 443
mm and mean annual temperature of 24.80C. The
physico-chemical properties of surface soil (0-15 cm)
analyzed at the start of experiment (1995) is given in
Table 1. The nutrient composition of farmyard
manure (FYM), poultry manure and pressmud
applied in the experiment during 2013 are given in
Table 2. Since 1995, the following ten treatments
with randomized block design (24 m×5 m) were
maintained on the permanent plots with three
replications: T1: 75 kg N +30 kg P2O5 ha-1, T2: 150
kg N + 60 kg P2O5 ha-1, T3: 15 Mg FYM ha-1, T4: 15
Mg FYM + 150 kg N ha-1, T5: 15 Mg FYM + 150 kg
N + 30 kg P2O5 ha-1, T6: 5 Mg poultry manure ha-1,
T7: 5 Mg poultry manure + 150 kg N + 30 kg P 2O5
ha-1, T8: 7.5 Mg pressmud ha-1, T9: 7.5 Mg pressmud
+75 kg N +30 kg P2O5 ha-1 and T10: 7.5 Mg pressmud
+ 150 kg N +30 kg P2O5 ha-1. The organic manures
(FYM, poultry manure, pressmud) were applied once

Chemical properties of soil
Chemical properties of soil used in incubation study
after 19 years of fertilization are presented in Table
3. The pH varied from 7.50 to 8.05 and lower values
were observed where organic manures were applied
as compared to chemical fertilizers. However,
reverse trend was observed in case of EC and values
varied from 0.33 to 0.65 dS/m and higher values
were observed where FYM was applied. The OC
content in soil ranged from 0.36 to 1.14 % and
highest OC build up was observed in case of FYM
treatments. The available N content of soil found
varied from 125.5 to 193.5 kg/ha and highest content
was observed with pressmud treatments. The OC
content was low where chemical fertilizers was
applied, however it was found in high category under
organic manures (FYM @15 Mg/ha, poultry manure
@5 Mg/ha and pressmud @ 7.5 Mg/ha) applied
plots.
Carbon mineralization
Carbon mineralization was measured in term of CO2
evolved due to microbial decomposition of organic
matter present in soil. The results revealed that
cumulative amount of CO2 evolved varied from
1055.4 to 1868.0 mg kg-1 soil under different
treatments (Table 4). Highest and lowest amount of
CO2 was released under the treatment FYM15N150
and N75P30 (half of recommended dose of NP
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fertilizers), respectively. Application of organic
manures alone or in combination with chemical
fertilizers significantly increased CO2 evolution over
application of fertilizers alone. Among the organic
manures, whether applied alone or in combination
with chemical fertilizers, highest amount of CO2 was
released with application of FYM followed by
pressmud and poultry manure (Fig. 2 and 3).
Application of FYM, poultry manure and pressmud
along with recommended dose of N and half of P
increased the amount of CO2 evolved by 18.1, 1.7
and 14.0 %, respectively, over application of
recommended dose of N and P fertilizers.
Application of FYM, poultry manure and pressmud
along with recommended dose of N and half of P
increased the amount of CO2 evolved by 4.9, 7.7 and
10.1 %, respectively, over application of organic
manures alone. Application of recommended dose of
NP fertilizers increased the amount of CO2 released
by 49.09% over application of half of recommended
dose of NP fertilizers (Fig. 1).
Nitrogen mineralization potential
Total mineral N at 0 day varied from 73 to 161 kg/ha
and higher amount was observed in case of pressmud
treated soil, similarly total amount of mineral N at
30 day varied from 348 to 756 kg/ha under different
treatment combinations (Table 5). Amount of NH4 –
N was observed higher at 0 day while the amount of
NO3 –N was higher at 30 day of incubation. Nitrogen
mineralization potential varied from 273 to 595 kg
ha-1 under different treatment combinations of
organic manures and fertilizers. Highest and lowest
nitrogen mineralization was obtained with
pressmud7.5N150P30 andN75P30 treatment, respectively.
Application of FYM and poultry manure alone
reported lower N mineralization potential as
compared to recommended dose of N and P
fertilizers. However, N mineralization potential was
numerically higher with application of pressmud as
compared to recommended dose of NP fertilizers.
Among organic manures, nitrogen mineralization
potential was observed in the order: pressmud>
poultry manure> FYM. Application of NP fertilizers
with organic manures significantly increased
nitrogen mineralization potential over the application
of fertilizers alone. Application of FYM15, poultry
manure5, pressmud7.5 along with recommended dose
of N and half of recommended P increased nitrogen
mineralization potential by 4.1, 4.4 and 11.2 %,
respectively, over application of organic manures
alone. Application of FYM15, poultry manure5,
pressmud7.5 along with recommended dose of N and
half of recommended P increased nitrogen
mineralization potential by 2.08, 3.22 and 12.69 %
over application of recommended dose of NP
fertilizers, respectively. Application of recommended
dose of NP fertilizers increased nitrogen
mineralization potential by 93.41 % over half of
recommended NP fertilizers. Nitrogen mineralization
potential per day varied from 9.1 to 19.9 kg ha -1 and
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highest was obtained with pressmud7.5N150P30.
Further it was observed that at the end of incubation
period, the NO3--N was found to be higher than
NH4+-N in all treatments as a result of the activity of
nitrifying bacteria which converts NH4+-N into NO3-N.
DISCUSSION
Carbon mineralization
Carbon mineralization (CO2 evolution) was found
higher in organic manures applied treatments as
compared to chemical fertilizers treatments. Higher
CO2 evolution in organic manure treated soil is
indicative of the nutrient turn over at higher carbon
expenses met through added organic carbon. This
result corroborate with the findings of Li et al.
(2011) who found that basal respiration rate in
poultry litter and livestock manure treatments were
higher than in NP treatments. Among organic
manures applied, highest CO2 evolution was
observed with FYM application followed by
pressmud and poultry manure. Increase in basal
respiration with increasing organic matter content of
soil could be attributed to the fact that soils receiving
higher application of organics had increased levels of
carbon in soil associated with increased levels of
microbial biomass, microbial diversity and higher
metabolic activity (Fraser et al., 1988). Also FYM
treatment has higher EC as compared to pressmud
and poultry manure, this may also resulted into
higher CO2 evolution in FYM treatments. Yuan et al.
(2007) and Iwai et al. (2012) also observed that
increased salinity has positive relationship with soil
respiration or qCO2. CO2 evolved was higher with
recommended dose of NP fertilizers over half of
recommended dose of NP fertilizers. Carbon dioxide
evolution increased with fertilizer dose may be
attributed to higher yields with fertilizers resulting in
addition of higher plant residue and root biomass to
the soil and it has been well documented that CO2
evolution is a function of organic matter present in
soil. Further, integrated application of manures and
fertilizers showed higher CO2 evolution than
recommended dose of NP fertilizers as well as soil
amended with organic manures alone. Application of
integrated sources of organic manures and fertilizers
provide the optimum supply of nutrients for
microbial activity, which in turn resulted in greater C
mineralization in soil over application of fertilizers or
organic manures alone. Similar types of results were
also reported by Mishra et al., 2008; Kumari et al.,
2011; Kharche et al., 2013 and Basak and Biswas,
2014).
Nitrogen mineralization potential
Nitrogen mineralization potential was affected by
many factors such as soil moisture, aeration,
temperature, the nature and quantity of organic
matter and the nature and quantity of previous crop
residues. Application of organic manure increased N
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mineralization potential because build up of organic
matter supports increased microbial populations and
activity, thereby resulting in higher N mineralization
of the available substrate (Watts et al., 2010 and Roy
and Kashem, 2014). Combined application of
organic manures and fertilizers resulted in higher N
mineralization over organic manures applied alone
because addition of fertilizer N along with organic
manures is known for stimulating mineralization and
reduced immobilization (Ravankar et al., 2004 and
Manivannan and Sriramachandrasekharan, 2009).
Several studies have documented relationship
between N mineralization potentials of organic
materials and C:N ratio or N content of the organic
materials used (Castellanos and Pratt, 1981 and
Indriyati, 2014). Among the organic manures
applied, highest N mineralization potential was
observed with application of pressmud due to high N

content and low C:N ratio. In present study, due to
wide C:N ratio and high salt content of FYM, N
mineralization was found to be lower than pressmud
and poultry manure. This may be due to addition of
higher amount of salt through FYM inhibited the
nitrification process and more ammonium
volatilization losses. Higher nitrogen mineralization
potential was observed with chemical fertilizers
application as compared to application of FYM and
poultry manure alone. Ayeni, (2012) and Murugan
and Swarnam (2013) also reported higher nitrogen
mineralization potential with chemical fertilizers as
compared to organic manures alone. This was due to
the fact that application of inorganic fertilizers
narrows down the C/N ratio of soil resulting in
higher net N mineralization, however, due to high N
content in pressmud, nitrogen mineralization
potential was higher than chemical fertilizers.

Table 1. Physico-chemical properties of soil at the start of experiment- 1995
Property
Texture
pH (1:2)
EC (dSm-1)
Organic carbon (%)
Available N (mg kg-1)
Available P (mg kg-1)
Available K (mg kg-1)

Value
Coarse loamy
8.1
0.36
0.39
98.0
12.6
217.0

Table 2. Nutrient composition of various organic manures used
Parameter
Organic carbon (%)
N (%)
P (%)
K (%)
C:N

FYM
38.10
1.20
0.97
1.87
31.75

Poultry manure
25.20
2.51
1.82
1.72
10.04

Pressmud
49.60
3.23
1.10
0.86
15.40

Table 3. Some chemical properties of soil after 19 years of fertilization
Type of
manure
No manure

Fertilizer (kg ha-1)
N
P2O5
75
30
150
60
0
0
150
0
150
30
0
0
150
30
0
0
75
30
150
30

Dose
(Mg ha-1)
0
0
15
15
15
5
5
7.5
7.5
7.5

FYM

Poultry manure
Pressmud

C.D.(p=0.05)

pH

EC
(dSm-1)
0.33
0.34
0.60
0.62
0.65
0.36
0.34
0.35
0.35
0.39
0.02

8.05
8.00
7.68
7.60
7.50
7.81
7.65
7.77
7.71
7.62
0.06

OC (%)
0.36
0.44
1.02
1.09
1.14
0.70
0.74
0.81
0.86
0.92
0.07

Available N
(kg/ha)
125.5
132.2
161.5
163.4
166.5
154.2
160.2
185.2
188.5
193.5
7.5

Table 4. Carbon mineralization of soil amended with manures and fertilizers from nineteen years (cumulative
CO2 evolution, mg kg-1 soil)
Type of
manure

Dose
(Mg
-1

No manure

Fertilizer

Amount of CO2 evolved on different observation day(s)

-1

(kg ha )

ha )

N

P2O5

3

10

20

28

37

44

51

60

0

75

30

50.8

155.6

304.8

452.4

612.8

768.4

915.4

1055.4

0

150

60

67.2

229.2

522.7

797.1

1017.1

1230.5

1426.5

1573.5
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FYM

97

15

0

0

79.9

293.9

550.9

805.1

1061.5

1297.7

1542.6

1771.6

15

150

0

100.0

290.4

547.2

817.2

1090.6

1367.6

1622.0

1868.0

15

150

30

106.4

299.3

558.3

826.3

1101.3

1374.3

1630.3

1858.3

Poultry

5

0

0

60.4

201.2

429.2

664.0

890.8

1109.8

1327.3

1486.3

manure

5

150

30

78.6

240.6

475.0

720.0

956.4

1182.8

1404.2

1600.9

Pressmud

7.5

0

0

74.0

249.0

494.0

749.0

986.0

1210.9

1431.5

1628.9

7.5

75

30

78.8

259.2

509.2

769.2

1035.2

1271.2

1501.2

1722.2

7.5

150

30

100.8

295.8

548.8

812.8

1082.8

1337.8

1577.8

1793.8

C.D. (p=0.05)

Treatment= 2.37

Observation day=2.12 Treatment × Observation day= 6.72

Table 5. N mineralization potential of soil amended with manures and fertilizers from nineteen years
Type of

Dose

manure

(Mg

Fertilizer
-1

(kg ha )

Mineral N at 0

Mineral N at 30

day

day

ha1)
N

NH4+-

P2O5

N
No manure

FYM

Poultry manure

Pressmud

NO3--

NH4+-

N

N

N

N mineralization

mineralizati

potential

on

( kg ha-1day-1)

NO3--

potential

N

(kg ha-1)

0

75

30

91

42

182

224

273

9.1

0

150

60

48

35

113

498

528

17.6

15

0

0

70

28

168

448

518

17.3

15

150

0

56

30

182

434

530

17.7

15

150

30

73

28

133

507

539

18.0

5

0

0

52

28

140

462

522

17.4

5

150

30

82

63

126

564

545

18.2

7.5

0

0

98

28

168

493

535

17.8

7.5

75

30

112

42

154

563

563

18.8

7.5

150

30

112

49

168

588

595

19.9

3.6

2.1

4.0

7.5

C.D.(p=0.05)

8.3

1800
N75P30

N150P60

CO2 evolved, mg kg-1 soil

1600
1400
1200
1000
800
600
400
200
0
3

10

20

28
37
44
51
60
Observation day(s)
Fig.1. Amount of CO2 evolved at different days of incubation of soil amended with half and full dose of
recommended fertilizers
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2000

FYM15

Pt. Manure5

Pressmud7.5

CO2 evolved, mg kg-1 soil

1800
1600
1400
1200
1000
800
600
400
200
0
3

10

20

28

37

44

51

60

Observation day(s)
Fig.2. Amount of CO2 evolved at different days of incubation of soil amended with different organic manures
2000

FYM15 N150 P30

Pt. Manure5 N150 P30

Pressmud7.5 N150 P30

1800
CO2 evolved, mg kg-1 soil

1600
1400
1200
1000
800
600
400
200
0
3

10

20

28

37

44

51

60

Observation day(s)
Fig 3. Amount of CO2 evolved in soil at different days of incubation of soil amended with different organic
manures in combination with chemical fertilizers
CONCLUSION
The results revealed that C mineralization rate was
found to be increased with application of organic
manures and amount of CO2 evolved was further
increased when organic manures were applied in
combination with chemical fertilizers. Among the
organic manures, amount of CO2 released followed
the order: FYM>pressmud>poultry manure. Carbon
mineralization increased with the progress of
incubation and rate of increase was higher at initial

stages and decreased gradually thereafter. This could
be attributed due to the greater C availability for
microbes in FYM amended soils compared to
pressmud and poultry manure dressed soils.
However, among the organic manures, higher N
mineralization potential was observed with
application of pressmud as compared to FYM or
poultry manure. Which may be due to the higher N
content in pressmud itself as compared to FYM or
poultry manure. Therefore, pressmud could be used
as a source of N for crop production.
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IN MAIZE (ZEA MAYS L.)
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Abstract: Fifteen maize inbred were crossed as lines to three testers(HKI-193-1, CLQRCYQ-40-3-1 and HO6R-6136-68-11-6) in Line X Tester mating design to generate 45 F1 crosses. The sixty seven genotypes including 45 F1 hybrids along with
their 18 parents and 4 checks were evaluated for five qualitative traits namely starch content, oil content, protein content,
tryptophan content and lysine content in Randomized Block Design to estimate the General Combining Ability (GCA),
Specific Combining Ability (SCA) and Heterosis of F1 crosses.In the Line x Tester analysis, significant variability was
observed among the genotypes for five traits. The hybrids L3 x T3 and L5 x T3 exhibited maximum mean values for oil
content and hybrid L10 x T1 exhibited maximum mean values for starch content. The maximum mean value for protein
content was depicted by hybrid L6 x T2, whereas hybrid L10 x T3 exhibited maximum mean value for tryptophan content. The
hybrid L7 x T3 exhibited maximum mean values for lysine content.
Keywords: Combining ability, Grain yield, Heterosis, Quality protein maize

INTRODUCTION

M

aize (Zea mays L.; 2n=20) is the third most
important cereal crop among the cereals grown
in India and is one of the promising crops for food,
feed, fodder and industrial utilization. However, its
protein is deficit in essential amino acids particularly,
lysine and tryptophan. To overcome this deficiency,
Quality Protein Maize (QPM) donors with
sufficiently higher quantity of lysine and tryptophan
have been developed at CIMMYT Mexico (Vasal,
1999).Maize protein is characterized by high level of
glutamicacid and leucine. Lysine (1.2 per cent of
protein) and tryptophan(0.4 per cent) are limiting
amino acids in maize. This is due tothe fact that
major storage protein is a prolamine fraction
zein,which forms up to 50-60 per cent of the storage
protein. Zeinconsists of a group of hydrophobic
proteins, completely devoidof lysine and tryptophan
(Inglett, 1970). Hence genetic manipulationfor
improved nutritional value, particularly, protein
qualitywas considered as a noble goal. This effort
was stimulated bythe 1963 discovery that a little
known mutant maize containedproteins that are
nearly twice as nutritious as those found innormal
maize called “opaque 2 maize”, its protein had a
nutritivevalue about 90 per cent of that of proteins
found in skim milk.The discovery of this mutant and
subsequently its modifierwere considered remarkable
and lead to the concept of “Breedingfor Quality
Protein Maize (QPM)” (Vassal, 1999). The
lysinelevels in normal and QPM maize average 2.0
per cent and 4.0 percent of total protein respectively,
but range across genetic backgroundsfrom 1.6 - 2.6
per cent in normal maize and 2.7 - 4.5 percent in
their o2 converted counterparts (Moro et al., 1996)
Thelysine content of QPM in whole grain is about

0.33 per cent to0.54 per cent, with the average 0.38
per cent, and is 46 per centhigher than normal maize.
The tryptophan content is 0.08 percent, 66 per cent
higher than normal maize. (Ortega et al.,
1986;Sproule et al., 1988; Osei et al., 1999). Normal
maize contributesup to a third or more of the crude
protein content of chicken diets.On the other hand,
maize is low in protein in addition to itsgeneral
deficiency in essential amino acids, particularly
lysineand tryptophan. An understanding of the
genetic architectureof parents and their mode of
inheritance will greatly assist thebreeder to formulate
appropriate
breeding
methodologies
to
incorporatethe traits in question into an otherwise
desirable variety.Various biometrical approaches are
available to access thebreeding value of the traits
under transfer. Line X tester analysisis one of those
employed by which the genetic architecture ofgiven
character, the combining ability and heterosis could
beunderstood.Most efficient use of such materials
would be possibleonly when adequate information on
the amount andtype of genetic variation, combining
ability effects and heterotic effects in the materials is
available. Inthis context, L × T analysis
(Kempthorne, 1957) hasbeen widely used for
evaluation of inbred lines bycrossing them with
testers. The present investigationwas undertaken for
estimation of combining ability andheterosis of
normal inbred lines with QPM donors astester for
initiating a successful quality protein maize
conversion programme.
MATERIAL AND METHOD
The present investigation was carried out during the
Kharif season of 2013-2014 at Instructional
farm,Rajasthan College of Agriculture, Maharana
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Pratap University of Agriculture and Technology,
Udaipur, India. The parental material for present
investigation comprised of 15 inbred lines, 3 testers
and 4 checks. These were selected on the basis of
wide diversity for different metric traits. The inbred
lines were developed and maintained at the Centre of
AICRP on Maize, Udaipur, whereas, testers for
investigation viz.,HKI-193 was collected from
CCSHAU, Uchani, Karnal,CLQRCYQ-40-3-1 was
collected from DMR, New Delhi and EIQ-102 from
AICRP on Maize, Udaipur.The experimental
material consisted of 45 crosses made during Rabi
2013, involving 15 lines, 3 testers along with 4
checks sown in a Randomized Block Design with
three replications in Kharif 2013-2014. Each
genotype was planted in a single row plot of 4 m
length having a uniform inter and intra row spacing
of 60 cms and 20 cms respectively. Two seeds per
hill was planted and later on one plant was thinned
(if necessary) from each hill to maintain the optimum
plant population. Border rows were planted to avoid
border effect.The data was subjected to the
estimation of heterosis over better parent and
standard variety (Fonseca and Patterson, 1968).
RESULT AND DISCUSSION
The analysis of variance revealed that mean squares
due to parents and crosses were highly significant
forall the characters (Table 1) .This reflected
presence of adequate genetic variability in the
experimentalmaterial
included
under
study.
Similarly, significant mean squares due to parents vs.
crosses indicatedpresence of average heterosis for all
the characters.Considerable amount of heterosis was
observed for allthe characters under study, however
the magnitude varied with characters (Table 2).

In the case of oil content, ten hybrids exhibited
positive significant economic heterosis over the best
check Pratap QPM hybrid-1.The maximum positive
significant economic heterosis was depicted by the
hybridL5 x T3 (20.38 per cent) followed by hybrid L3
x T3 (20.32 per cent) and hybrid L1x T3 (19.67 per
cent). Poneleit and Bauman (1970), Oropeza et al.
(1984), Joshi et al. (1985), Lico (1989), Ivanov
(1990) reported economic heterosis for oil content.
For starch content, only two hybrids viz., L9 x T1
(2.67 per cent) and L4 x T2 (2.56 per cent) exhibited
positive significant economic heterosis over the best
check PMH-4(Table 2). Dubey et al. (2009),
Premlatha and Kalamani (2010), Pavan et al.(2011),
Abuali et al.(2012), Singh et al.(2013) reported
economic heterosis for seed oil content and starch
content in maize.
The significant economic heterosis in positive
direction was observed in ten hybrids for protein
content with the magnitude ranged from 2.21 (L13
xT1) to 14.47per cent (L6 xT2). The maximum
positive significant economic heterosis was
expressed by hybrid L6xT2 (14.47 per cent) followed
by hybrid L5 xT1 (13.97 per cent) and hybrid L6 x T3
and L9 x T3 (6.37 per cent). The best check for this
trait was PMH-4. In the case of tryptophan content,
three hybrids viz., L10 x T3 (10.59 per cent), L13 x T1
(9.75 per cent) and L5 x T1 (3.39 per cent) exhibited
positive significant economic heterosis over the best
check Pratap QPM hybrid-1. For lysine content, only
one hybrid L7 x T3 (11.20 per cent) exhibited positive
significant economic heterosis over the best check
HQPM-7(Table 3). Theestimates of gca effects
revealed that inbred line L6has been found good
general combiner for majority of traits viz., protein
content, tryptophan content, lysine content and oil
content.

Table 1. Analysis of variance for combining ability for fourteen traits in maize
Source of
Variation
Replication
Genotype
Parents
Parent v/s
Crosses
Crosses
Lines
Tester
Line x Tester
Error
Variance
σ2L
σ2t
2
σ GCA
σ2SCA
2
σ SCA/GCA

d.f.

Oil content

Starch content

Protein content

2
66
17

0.0017915
1.15901**
0.38630**

1.11136
11.2226**
11.4575**

0.019464
2.85890**
0.655283**

Tryptophan
content
0.00086**
0.02228**
0.01862**

1

0.23489**

26.1513**

63.1113**

0.00583**

0.012038**

44
14
2
28
88

1.5540**
1.01664**
4.51353**
1.61137**
0.0009633

11.3381**
6.47167**
28.9602**
12.5127**
0.742169

2.51028**
3.16054**
0.22196**
2.34860**
0.016409

0.02581**
0.02883**
0.05651**
0.02211**
0.0001430

0.174887**
0.126802**
0.059644**
0.207161**
0.0005053

-0.066082
0.064492
-0.002918
0.5368
183.9616

0.67123
0.3655
-0.059814
3.9235
65.595011

0.090216
-0.047259
0.0082337
0.7774
94.4168

0.0007461
0.0007644
0.0001884
0.0073242
38.875796

-0.0089287
-0.0032782
-0.0016436
0.068885
41.911049

*,** Significant at 5 % and 1 % level of significance respectively.

Lysine content
0.00138955
0.148883**
0.114285**
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Table 2. Extent of heterosis for oil content (%) and starch content (%)
SN.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

Crosses
L1 x T1
L2 x T1
L3 x T1
L4 x T1
L5 x T1
L6 x T1
L7 x T1
L8 x T1
L9 x T1
L10 x T1
L11 x T1
L12 x T1
L13 x T1
L14 x T1
L15 x T1
L1 x T2
L2 x T2
L3 x T2
L4 x T2
L5 x T2
L6 x T2
L7 x T2
L8 x T2
L9 x T2
L10 x T2
L11 x T2
L12 x T2
L13 x T2
L14 x T2
L15 x T2
L1 x T3
L2 x T3
L3 x T3
L4 x T3
L5 x T3
L6 x T3
L7 x T3
L8 x T3
L9 x T3
L10 x T3
L11 x T3
L12 x T3
L13 x T3
L14 x T3
L15 x T3

Het
10.19**
-3.56**
-1.74**
15.22**
2.75**
8.99**
-13.47**
-8.64**
8.33**
13.87**
7.58**
-9.52**
10.43**
13.42**
-3.29**
-22.98**
12.76**
20.03**
-5.75**
3.84**
1.33**
-15.19**
7.29**
11.32**
-3.34**
-23.87**
31.54**
-3.27**
-14.77**
-7.00**
29.81**
9.27**
40.53**
20.40**
43.36**
7.13**
0.42
-8.00**
1.21**
22.42**
6.93**
-11.49**
6.89**
1.40**
-13.48**

Oil content (%)
Hb
3.27**
14.16**
0.34
2.46**
3.81**
13.75**
1.51**
4.43**
13.34**
4.68**
18.13**
3.48**
4.62**
28.34**
21.31**
3.10**
40.34**
19.66**
40.41**
0.42
22.17**
0.60
0.79
1.16*
-

EH
1.88**
0.41
1.06*
1.17**
1.00*
11.69**
19.67**
20.32**
2.58**
20.38**
5.17**
-

Het
1.58
5.03**
3.52**
1.57
2.24*
-1.68
0.94
2.63**
2.28*
4.69**
-1.51
1.61
2.55*
-1.21
0.80
1.32
2.50*
2.63**
5.42**
-1.25
1.14
-2.26*
-0.07
-0.84
-4.87**
-0.98
0.24
3.19**
-6.13**
0.62
-5.37**
2.09*
-2.19*
1.06
6.09**
2.83**
2.75**
1.27
-2.20*
-8.01**
7.35**
3.65**
10.29**
-2.07*
2.14*

Starch content (%)
Hb
1.09
2.12
3.18**
0.32
2.16
0.69
2.55*
2.12
3.51**
1.34
0.12
1.40
2.56**
1.09
0.44
4.07**
0.59
1.11
6.09**
2.03
6.38**
0.96

EH
0.70
2.67**
1.40
2.56**
1.06
1.50
-

*,** Significant at 5 % and 1 % level of significance respectively.
Table 3. Extent of heterosis for protein content (%), tryptophan content (%) and lysine content (%)
SN.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Crosses
L1 x T1
L2 x T1
L3 x T1
L4 x T1
L5 x T1
L6 x T1
L7 x T1
L8 x T1
L9 x T1
L10 x T1
L11 x T1
L12 x T1
L13 x T1

Het
26.20**
0.29
28.53**
23.43**
37.13**
10.16**
25.21**
9.14**
7.49**
10.95**
5.00**
11.08**
27.46**

Protein %
Hb
20.52**
25.20**
20.77**
35.74**
6.46**
24.86**
6.78**
3.99**
9.33**
9.41**
24.27**

EH
2.98**
13.97**
3.28**
2.21*

Tryptophan %
Het
Hb
-7.20**
8.83**
0.00
9.55**
19.52**
15.03**
26.10**
7.49**
0.27
16.57**
10.67**
34.46**
24.38**
19.03**
15.20**
21.14**
11.58**
17.51**
7.22**
7.07**
30.81**
9.75**

EH
3.39**
9.75**

Het
-8.04**
3.66**
4.85**
17.93**
5.96**
-4.24**
-5.54**
-7.82**
16.98**
15.43**
12.54**
3.51**
-9.76**

Lysine %
Hb
16.64**
15.14**
11.27**
7.44**
-

EH
-
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
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L14 x T1
L15 x T1
L1 x T2
L2 x T2
L3 x T2
L4 x T2
L5 x T2
L6 x T2
L7 x T2
L8 x T2
L9 x T2
L10 x T2
L11 x T2
L12 x T2
L13 x T2
L14 x T2
L15 x T2
L1 x T3
L2 x T3
L3 x T3
L4 x T3
L5 x T3
L6 x T3
L7 x T3
L8 x T3
L9 x T3
L10 x T3
L11 x T3
L12 x T3
L13 x T3
L14 x T3
L15 x T3

-7.28**
2.63*
48.37**
10.03**
20.14**
9.67**
15.11**
37.35**
12.26**
27.39**
22.11**
8.21**
7.35**
9.86**
18.20**
30.60**
4.73**
17.14**
9.47**
21.06**
5.85**
15.13**
34.92**
20.64**
20.02**
44.60**
11.80**
10.78**
-0.71
18.13**
8.16**
17.99**

0.43
44.92**
3.99**
19.75**
9.53**
11.37**
29.81**
9.39**
21.85**
20.86**
4.23**
8.98**
17.92**
30.02**
0.19
13.02**
4.71**
19.18**
4.66**
12.76**
29.05**
19.03**
16.21**
41.35**
9.01**
3.62**
16.39**
7.28**
14.26**

13.76**
14.47**
4.76**
2.98**
13.80**
13.80**
-

17.26**
9.83**
-11.23**
0.26
14.80**
3.52*
-22.93**
7.02**
2.14
-10.24**
-10.08**
-3.63**
20.00**
-19.31**
-15.74**
-31.67**
-10.47**
0.54
-12.77**
-13.39**
3.35*
-18.93**
3.98**
28.37**
16.51**
0.56
39.20**
17.68**
-5.85**
7.36**
14.36**
-9.43**

4.39**
2.15
14.80**
1.84
19.39**
0.00
0.00
25.95**
1.08
37.37**
14.95**
8.78**
-

10.59**
-

14.38**
2.92**
-10.06**
0.50
-5.37**
4.06**
-5.58**
7.68**
3.18**
4.64**
-9.55**
-4.07**
8.24**
-17.94**
-10.63**
-0.55
-13.07**
0.78
-12.27**
3.81**
3.18**
-15.96**
-13.03**
35.79**
14.02**
13.45**
5.28**
-4.08**
1.66**
-7.56**
9.49**
-1.15

8.44**
2.46**
1.73*
8.03**
0.13
0.62
0.13
32.94**
13.87**
9.58**
3.42**
5.75**
-

0.77
11.20**
-

*,** Significant at 5 % and 1 % level of significance respectively.
In thepresent study, parents were classified as high,
averageand low combiners based on their effects.
Parents withdesirable GCA effect (significantly
different from zero)were considered as high
combiners, while parentsshowing insignificant
estimates were classified as averagecombiners. Low
or poor combiners had significant butnegative
(undesirable) GCA effects.Theestimates of gca
effects revealed that inbred line L6has been found
good general combiner for majority of traits viz.,
protein content, tryptophan content, lysine content
and oil content. Ivy and hawlader (2000) and Hussain
et al.(2003) alsoobserved the similar phenomenon.
The SCAeffects of the crosses for yield and different
yieldcontributing characters are presented in Table 4.
The significant positive sca effects for tryptophan
content were observed in eighteen hybrids with the
magnitude ranged from 0.02 (L12 x T1, L15 x T2 and
L8 x T3) to 1.15 (L5 x T1). The maximum positive
significant sca effects was recorded in hybrid L5 x T1

(1.15) followed by hybrid L3 x T2(1.14) and hybrid
L10 x T3 (1.13).
In the case of lysine content, the significant positive
sca effects were observed in twenty-two hybrids with
the magnitude ranged from 0.04 (L15 x T3) to 0.58 (L7
x T3). The maximum positive significant sca effects
was recorded in hybrid L7 x T3 (0.58) followed by
hybrid L6 x T2(0.41) and hybrid L5 x T1 and L8 x T3
(0.23).Positive SCA indicate thatlines are in opposite
heterotic groups, while negative SCAeffects indicate
lines are in the same heterotic group.
In general, the GCA effects of the parents were
notreflected in the SCA effects of the crosses in most
of thestudied traits. This is corroborated with the
results of Debnath and Sarker (1987), Paul and Daura
(1991), Debnath (1992) andHussain et al. (2003).
Besides, Deitos et al.(2000) reportedthat good
general combining parent does not alwaysshow high
sca effects in their hybrid combinations.

Table 4. GCA and SCA effects for Protein content (%), Tryptophan content (%), Lysine content (%), Oil
content (%) and starch content (%)
SN
1
2
3
4
5

Genotype
T1
T2
T3
L1
L2

Protein %
-0.08**
0.05*
0.03
0.63**
-0.52**

Tryptophan %
0.03**
-0.04**
0.01**
-0.07**
-0.04**

Lysine %
0.02**
-0.04**
0.02**
-0.22**
-0.11**

Oil content (%)
-0.01*
-0.31**
0.32**
0.27**
0.22**

starch content %
0.48**
0.44**
-0.93**
-1.02**
-0.02
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SN
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Genotype
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L1 x T1
L2 x T1
L3 x T1
L4 x T1
L5 x T1
L6 x T1
L7 x T1
L8 x T1
L9 x T1
L10 x T1
L11 x T1
L12 x T1
L13 x T1
L14 x T1
L15 x T1
L1 x T2
L2 x T2
L3 x T2
L4 x T2
L5 x T2
L6 x T2
L7 x T2
L8 x T2
L9 x T2
L10 x T2
L11 x T2
L12 x T2
L13 x T2
L14 x T2
L15 x T2
L1 x T3
L2 x T3
L3 x T3
L4 x T3
L5 x T3
L6 x T3
L7 x T3
L8 x T3
L9 x T3
L10 x T3
L11 x T3
L12 x T3
L13 x T3
L14 x T3
L15 x T3
Standard error
Ti

Protein %
0.26**
-0.51**
0.57**
1.23**
0.24**
0.38**
0.30**
-0.39**
-0.19**
-0.95**
0.11*
-0.69**
-0.48**
-0.13
-0.35**
0.61**
1.02**
1.40**
-1.26**
0.67**
-0.62**
-1.17**
0.23**
-0.06
0.53**
0.68**
-1.23**
-0.31**
1.19**
0.14
-0.41**
-0.42**
-0.77**
0.66**
-0.74**
0.54**
-0.37**
-0.33**
-0.18*
0.10
-0.41**
1.44**
-0.46**
-1.06**
0.22*
-0.20*
-0.60**
-0.63**
0.61**
0.07
0.07
1.53**
0.09
0.24**
-0.62**
-0.28**
-0.20*
0.76**
0.02

Tryptophan %
0.00
-0.01*
-0.01**
0.04**
0.04**
-0.05**
-0.05**
0.08**
0.09**
-0.04**
0.09**
-0.01**
-0.06**
-0.07**
-0.00
-0.03**
-0.01
0.15**
-0.09**
-0.06**
0.04**
0.03**
-0.06**
-0.08**
0.02*
0.09**
0.05**
0.02
0.03**
0.08**
0.14**
0.04**
-0.06**
0.09**
-0.01
-0.06**
-0.01
-0.07**
0.08**
-0.02**
-0.10**
-0.14**
0.02*
0.04**
-0.07**
-0.11**
-0.03**
-0.09**
-0.00
0.08**
0.02*
-0.01
0.13**
-0.01
0.00
0.00
0.10**
-0.04**
0.00
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Lysine %
0.02*
0.04**
0.01
0.05**
0.13**
0.01
-0.01
0.10**
0.13**
-0.04**
-0.17**
0.20**
-0.12**
-0.14**
0.08**
0.02
0.15**
0.23**
-0.11**
-0.50**
-0.37**
0.16**
0.17**
0.09**
0.13**
-0.09**
0.09**
0.09**
-0.01
0.19**
-0.06**
0.01
0.10**
0.41**
-0.09**
0.14**
-0.30**
-0.14**
0.19**
-0.27**
0.07**
-0.11**
-0.14**
0.14**
-0.28**
0.05**
-0.15**
-0.33**
-0.30**
0.58**
0.23**
0.14**
-0.03*
-0.28**
0.14**
0.02
0.02
0.04**
0.00

Oil content (%)
0.54**
0.05**
0.29**
0.25**
-0.55**
-0.16**
0.19**
0.15**
-0.23**
-0.20**
0.16**
-0.38**
-0.61**
0.28**
-0.45**
-0.98**
0.30**
-0.61**
0.22**
-0.17**
-0.24**
0.12**
0.19**
0.60**
-0.58**
0.35**
0.70**
0.28**
-1.24**
0.59**
0.26**
-0.51**
-0.36**
0.02
-0.04
0.80**
0.47**
-0.45**
-0.81**
1.61**
-0.16**
-0.46**
0.30**
0.96**
-0.13**
0.72**
0.20**
0.97**
-0.23**
0.21**
-0.55**
-0.59**
0.26**
0.22**
-1.03**
-0.19**
-0.24**
-0.58**
0.01

starch content %
0.82**
0.67*
1.27**
0.47
-0.11
0.51
-0.29
-1.23**
0.33
0.73*
-0.38
-1.84**
0.07
1.05
0.69
0.94
-1.13
-0.48
-1.96**
-0.12
0.43
1.16
4.27**
-2.35**
-0.56
-2.07**
0.80
-0.66
1.93**
0.19
1.43*
2.34**
-1.66**
0.85
-1.12
-0.24
0.21
-0.82
-1.01
-0.38
-0.62
-1.35*
0.25
-2.98**
-0.87
-2.37**
-1.20*
2.13**
1.11
1.24*
-0.18
-1.37*
-3.45**
3.36**
0.94
2.69**
0.54
0.41
0.15
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Genotype
Lj
Sij
Ti-j
Li-j
Ti-Lj
STi-Tj
SiL-jL
Sij-kl

Protein %
0.04
0.09
0.03
0.06
0.05
0.11
0.12
0.12

Tryptophan %
0.00
0.01
0.00
0.01
0.00
0.01
0.01
0.01

Lysine %
0.01
0.02
0.00
0.01
0.01
0.02
0.02
0.02

Oil content (%)
0.01
0.02
0.01
0.01
0.01
0.03
0.03
0.03

starch content %
0.30
0.59
0.18
0.41
0.31
0.73
0.81
0.83

*,** Significant at 5 % and 1 % level of significance respectively.
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PULP COCENTRATION AND STORAGE CONDITIONS AFFECT LEVEL OF
ASCORBIC ACID AND ORGANOLEPTIC PROPERTIES OF GUAVA NECTAR
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Abstract: An experiment was carried out during the year 2015-16 in Post Harvest Technology Laboratory, Section of
Horticulture, College of Agriculture, Dr. Panjabrao Deshmukh Krishi Vidyapeeth Akola. Experiment was conducted by
using Lalit cv. of Guava under FCRD statistical design having two factors viz. Factor A and factor B. Factor A consists of
five different pulp concentrations viz. 14% guava pulp, 16% guava pulp, 18% guava pulp, 20% guava pulp, 22% guava pulp
and factor B consists of storage conditions viz. refrigerated and ambient conditions. Guava nectar prepared from 18% pulp
concentration showed minimum changes in ascorbic acid and organoleptic properties viz. colour, taste, flavour and overall
acceptability under both refrigerated and ambient storage condition.
Keywords: Guava, Nectar, Pulp concentration, Ascorbic acid, Organoleptic quality

INTRODUCTION

G

uava (Psidium guajava L.) is most important
fruit crop of India known as ‘Poor man’s apple
of tropics (Kamath et al., 2008). It is originated from
tropical America but in this sub-continent, guava has
been in cultivation since early 17th century (Mitra
and Bose, 1990). Guava has sweet aroma and a
pleasant sour- sweet taste. Guava is rich source of
fiber and ascorbic acid. It is normally consumed
fresh as a dessert fruit or processed into puree, juice,
concentrate, jam, jelly, nectar or syrup (Jagtiani et
al., 1988).
Guava pulp contains plenty of minerals like
phosphorus (23 - 37 mg/100 g), calcium (14 - 30
mg/100 g), iron (0.6 - 1.4 mg/100 g) and vitamins
like niacin, thiamine, riboflavin and carotene
(Mahendran, 2010). Storage life of guava is very less
due to its high physiological processes. Postharvest
losses are very high during storage and lack of cold
stores also triggers this loss. During market glut,
price of fresh produce goes down so farmers fetch
very less price. Processing is the best way to
minimizing these losses. Nectar is non carbonated
drink and contains about 20 per cent fruit juice/pulp
and 15 per cent total soluble solids and about 0.3 per
cent titratable acidity. It is excellent source of
phytonutrients and mostly used as health drink
(Khurdiya and Sagar, 1991). Quality and shelf life of
nectar is affected by different concentration of pulp
as well as storage conditions. Different biochemical
changes takes place in nectar during storage. As Lalit
is red pulp colour cultivar has great demand in
market due to its suitability for processing. A limited
research work has been carried out on effect of pulp
and storage on nectar of Lalit cultivar with respect to
ascorbic acid and organoleptical changes. So

objective of our study was to elucidate the effect of
pulp concentration and storage condition on ascorbic
acid and organoleptic properties of nectar.
MATERIAL AND METHOD
The present investigation was carried out in Post
Harvest Technology Laboratory Section of
Horticulture, College of Agriculture, Dr. P.D.K.V.
Akola during the year 2015-16 with factorial
randomized design. For the experimentation, fully
ripe, uniform size guava fruits were selected. The
fruits were cut into pieces with stainless steel knife.
Pulp from the fruits was obtained by homogenizing
the pieces into homogenizer with addition of small
quantity of water. The seeds and pulp were separated
by passing juice through 60 mm stainless steel sieve.
Thus extracted pulp was used for preparation of
guava nectar with following recipe.
Guava pulp
:
As per treatment
Sugar
:
600 g per kg of pulp
Sodium Benzoate:
300 ppm
Thus extracted pulp was used for preparation of
nectar with following treatments:
Treatments details
P1 - 14% Guava pulp
P2 - 16% Guava pulp
P3 - 18% Guava pulp
P4 - 20% Guava pulp
P5 - 22% Guava pulp
Storage conditions
S1 - Refrigerated storage (7ºC± 1ºC)
S2 - Ambient storage (33°C± 1ºC)
Guava nectar will be filled into the pre-sterilized
bottles of 300 ml capacity and sealed air tight using
crown corks and stored as per treatment for further
observations.
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Biochemical analysis
The processed product was stored under two
different storage viz. refrigerated condition and
ambient condition. Biochemical analysis carried out
at interval of 30 days up to 120 days under
refrigerated condition and up to 90 days under
ambient condition.
Ascorbic acid content was determined by 2, 6dichloroindophenol titrimetric method. Results of
ascorbic acid were presented in mg/100ml of juice.
Organoleptic properties viz- colour, taste, flavour
and overall acceptability were evaluated with 10
trained panelist based on 9 point hedonic scale (Like
extremely: 9, Like very much: 8, Dislike moderately:
3, Like moderately: 7, Like slightly: 6, Neither like
nor dislike: 5, Dislike slightly: 4, Dislike very much:
2, Dislike extremely: 1) with maximum score
considered as the best (Ranganna, 1986).
Statistical analysis
The experiment was laid out for analysis of variance
by using Factorial Completely Randomized Design
(FCRD) with 3 replications (Panse and Sukhantme,
1985).
RESULT AND DISCUSSION
Ascorbic acid (mg/100 ml juice)
Effect of pulp along with storage conditions was
significantly affected ascorbic acid content and it was
showed decreasing pattern in all treatments (Table
1). Treatment combination P3S1 exhibited optimum
results among all treatments and storage
combinations. Minimum loss in ascorbic acid
(0.33mg/100ml) on 120th day of refrigerated storage
was recorded in treatment P3S1. Under ambient
storage minimum reduction in ascorbic acid
(0.40mg/100ml) was exhibited by P 3S2. The
decreasing pattern of ascorbic acid in both storage
conditions might be due to exposure of nectar to light
and oxygen. This exposure triggers oxidation of
ascorbic acid into dehydroascorbic acid (Murari and
Verma, 1989; Chakraborthy et al., 1991; Reddy and
Chikkasubbanna, 2009).
Colour score
Likewise ascorbic acid, colour also showed
decreasing trends in all treatments in both storage
conditions (Table 2). After 120 days of cold storage,
maximum colour score (8.32) was recorded in P 3S1
whereas it was highest (8.30) in P3S2 under ambient
condition. It is well known that millard reaction and
caramelization change the colour of food products.
Reduction in colouring compounds in nectar might

be due to reaction of phenolic compounds with
enzymes which lead discoloration (Murari and
Verma, 1989; Kalra and Tandon, 1984).
Taste score
The data exhibited significant differences in respect
of taste score of guava nectar depicted in Table 3.
Maximum score for taste (8.71– like extremely) on
120th day of observation under refrigerated condition
was recorded by treatment combination P3S1 whereas
it was highest in P3S2 under ambient storage.
Balanced ratio of recipes, TSS, acidity, processed
condition and storage conditions affect quality and
taste of final product. Maximum taste score in P 3S1
and P3S2 might be due to proper ratio of pulp, TSS
and acidity (Mall and Tondon, 2007; Pandey,
2004).
Flavour score
The data exhibited significant differences in respect
of flavour score of guava nectar during storage
period (Table 4). Maximum score for flavour (8.71 –
like extremely) under refrigerated conditions was
recorded in treatment combination P3S1 (18% Guava
pulp + stored at refrigerated condition) whereas it
was minimum (7.07 – like moderately) in treatment
combination P1S1 (14% Guava pulp + stored at
refrigerated condition).
Among the ambient storage condition of guava
nectar on 90th day, significantly maximum score for
flavour (8.69– like extremely) was recorded in
treatment combinations P3S2 (18% Guava pulp +
stored at ambient condition) (Murari and Verma,
1989; Chakraborthy et al., 1991).
Overall acceptability
From the result it was observed that, there was
progressive decrease in overall acceptability of guava
nectar during storage (Table 5). The storage
temperature had significant effect on overall
acceptability of guava nectar in both ambient and
refrigerated conditions. The guava nectar stored at
refrigerated storage conditions with 18 per cent pulp
had highest overall acceptability score (8.33) on
120th day of storage. Under ambient condition of
storage also acceptability score was maximum (8.33)
in treatment P3S2. It is reported that, phalsa beverage
was acceptable up to 120 days in cold temperature
but acceptability score decreased continuously during
storage period (Waskar and Khurdiya, 1987).
Kotecha and Kadam (2003) noted that, there was
gradual decrease in the overall acceptability score of
syrup stored at room temperature during the storage
period of 180 days (Kumar and Manimegalai, 2001).
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Table 1. Effect of pulp concentrations and storage conditions on ascorbic acid of guava nectar

Treatments

Ascorbic acid (mg/100ml)
Storage period (Days)
Decrease in
90
ascorbic acid
after 90 days

120

Decrease in
ascorbic acid
after 120 days

0.37

15.07

0.55

17.99

0.29

17.84

0.45

22.11

22.01

0.22

21.89

0.33

23.47

23.40

23.28

0.26

23.15

0.39

27.42

27.35

27.28

27.13

0.29

26.99

0.43

P1S2

15.62

15.49

15.35

15.01

0.61

*

*

P2S2

18.29

18.18

18.05

17.75

0.54

*

*

P3S2

22.23

22.12

22.02

21.82

0.40

*

*

P4S2

23.54

23.40

23.30

23.06

0.48

*

*

P5S2

27.42

27.30

27.18

26.92

0.51

*

*

F test

Sig

Sig

Sig

Sig

Sig

-

-

SE(m)±

0.051

0.059

0.066

0.079

0.028

-

-

CD at 5 %

0.149

0.173

0.191

0.231

0.082

-

-

Initial

30

60

P1S1

15.62

15.53

15.44

15.25

P2S1

18.29

18.22

18.14

P3S1

22.23

22.17

P4S1

23.54

P5S1

Each value is presented as mean of three replication (n=3)
Table 2. Effect of pulp concentrations and storage conditions on colour score of guava nectar

Treatments

Colour score
Storage period (Days)
Decrease in
90
colour score
after 90 days
6.41
0.29
7.22
0.28
8.39
0.14
7.80
0.20
7.57
0.23
6.33
0.37
7.17
0.33

6.24
7.15
8.32
7.70
7.44
*
*

Decrease in
colour score
after 120 days
0.46
0.35
0.22
0.30
0.36
*
*

0.23

*

*

7.71

0.29

*

*

7.48

0.32

*

*

Sig

Sig

Sig

-

-

0.107

0.103

0.100

0.014

-

-

0.312

0.300

0.291

0.040

-

-

Initial

30

60

P1S1
P2S1
P3S1
P4S1
P5S1
P1S2
P2S2

6.70
7.50
8.53
8.00
7.80
6.70
7.50

6.61
7.43
8.49
7.96
7.75
6.59
7.41

6.55
7.36
8.45
7.90
7.68
6.51
7.33

P3S2

8.53

8.47

8.41

8.30

P4S2

8.00

7.93

7.86

P5S2

7.80

7.71

7.64

F test

Sig

Sig

SE(m)±

0.114

CD at 5 %

0.331

Each value is presented as mean of three replication (n=3)
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Table 3. Effect of pulp concentrations and storage conditions on taste score of guava nectar
Taste score
Storage period (Days)
Treatments
Decrease in
Initial
30
60
90
Taste score
120
after 90 days

Decrease in
Taste score
after 120 days

P1S1

6.47

6.40

6.33

6.19

0.27

6.07

0.40

P2S1

6.80

6.74

6.69

6.55

0.25

6.45

0.35

P3S1

8.23

8.19

8.14

8.06

0.17

7.98

0.26

P4S1

7.85

7.79

7.74

7.63

0.21

7.55

0.30

P5S1

7.24

7.18

7.12

7.02

0.23

6.90

0.34

P1S2

6.47

6.38

6.27

6.07

0.40

*

*

P2S2

6.80

6.73

6.64

6.45

0.35

*

*

P3S2

8.23

8.19

8.11

8.00

0.23

*

*

P4S2

7.85

7.78

7.71

7.55

0.30

*

*

P5S2

7.24

7.17

7.09

6.92

0.32

*

*

F test

Sig

Sig

Sig

Sig

Sig

-

-

SE(m)±

0.146

0.148

0.149

0.147

0.003

-

-

CD at 5 %

0.427

0.432

0.433

0.429

0.010

-

-

Each value is presented as mean of three replication (n=3)
Table 4. Effect of pulp concentrations and storage conditions on flavour score of guava nectar
Flavour score
Storage period (Days)
Interactions
Initial

30

60

90

Decrease in
flavour score
after 90 days

120

Decrease in
flavour score
120 days

P1S1

7.46

7.38

7.31

7.12

0.34

7.07

0.39

P2S1

7.63

7.57

7.50

7.31

0.32

7.27

0.36

P3S1

8.95

8.90

8.86

8.79

0.15

8.71

0.24

P4S1

8.60

8.54

8.50

8.41

0.19

8.30

0.30

P5S1

7.96

7.89

7.84

7.73

0.23

7.61

0.35

P1S2

7.46

7.35

7.26

7.06

0.40

*

*

P2S2

7.63

7.52

7.45

7.26

0.37

*

*

P3S2

8.95

8.87

8.80

8.69

0.26

*

*

P4S2

8.60

8.51

8.45

8.29

0.31

*

*
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P5S2

7.96

7.85

7.77

7.58

0.38

*

*

F test

Sig

Sig

Sig

Sig

Sig

-

-

SE(m)±

0.066

0.058

0.053

0.053

0.013

-

-

CD at 5 %

0.193

0.171

0.156

0.155

0.039

-

-

Each value is presented as mean of three replication (n=3)
Table 5. Effect of pulp concentrations and storage conditions on overall acceptability score of guava nectar
Overall acceptability score
Storage period (Days)
Treatments
Initial

30

60

90

Decrease in
overall
acceptability
score after 90
days

120

Decrease in
overall
acceptability
score after 120
days

P1S1

6.88

6.82

6.73

6.57

0.30

6.46

0.42

P2S1

7.31

7.27

7.18

7.03

0.28

6.95

0.36

P3S1

8.57

8.54

8.49

8.42

0.16

8.33

0.24

P4S1

8.15

8.12

8.05

7.95

0.20

7.85

0.30

P5S1

7.67

7.63

7.55

7.44

0.23

7.32

0.35

P1S2

6.88

6.80

6.68

6.49

0.39

*

*

P2S2

7.31

7.24

7.14

6.96

0.35

*

*

P3S2

8.57

8.52

8.44

8.33

0.24

*

*

P4S2

8.15

8.10

8.01

7.85

0.30

*

*

P5S2

7.67

7.60

7.50

7.33

0.34

*

*

F test

NS

Sig

Sig

Sig

Sig

-

-

SE(m)±

0.072

0.070

0.071

0.075

0.003

-

-

CD at 5 %

0.211

0.206

0.207

0.219

0.009

-

-

Each value is presented as mean of three replication (n=3)
CONCLUSION
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INFLUENCE OF SPACING AND NUTRIENT LEVEL ON NUTRIENT UPTAKE
AND ENERGETIC OF HIGH ZINC LINE OF RICE (ORYZA SATIVA L.)
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Abstract: An field experiment was carried out to at Research cum Instructional farm, I.G.K.V., Raipur, during kharif season
of 2013. The experiment comprised three spacing viz.,10cm x 10cm, 15cm x 10cm and 20cm x 10cm and three levels of
nutrient viz., 50%, 100% and 150% RDF. The experiment was laid out in factorial randomized block design with four
replications to evaluate the effect of planting geometry and nutrient levels on nutrient uptake and energetic of high zinc line
of rice. Result indicated that the highest nitrogen, phosphorus and potassium uptake, energy input, energy output, net energy
output and energy output: input ratio was obtained under 20cm x 10cm spacing. As regards different nutrient levels,
application of 150 per cent RDF recorded higher values of nitrogen, phosphorus and potassium uptake, total energy output
and net energy output. Whereas, the highest energy input and energy output: input ratio was observed under 50 per cent
RDF.
Keywords : Spacing , Nutrient levels, Nutrient uptake, Energetic high zinc rice

INTRODUCTION

R

ice has supported a greater number of people for
a longer period of time and provides more
calories per hectare than any other crop. At present,
rice is one of the most important staple foods for
more than half of the world‟s population (IRRI,
2006) and influences the livelihoods and economies
of several billion people. In Asian countries, rice
provides 50–80 per cent of the energy intake of the
poor but it does not provide enough essential
micronutrients to eliminate “hidden hunger,” in
particular iron deficiency anaemia and zinc
deficiency.
Micronutrient
malnutrition,
and
particularly Fe and Zn deficiency affect over three
billion people worldwide, mostly in developing
countries (Sperotto et al., 2010, Welch et al., 2010).
In India, almost 31per cent of calories of diet are
supplied through rice.
Nutrient uptake influences due to different planting
geometry and nutrient levels. Wider spaced crop
absorb more nutrient and produce higher dry matter.
Dense spaced plant decrease the nutrient uptake
because of the more competition between plants for
available nutrient. Availability of nutrients in soil
and its translocation to the plant is very important to
obtain maximum yield. The higher dose of nutrient
supply to the plant enhance its uptake and
translocation during development phase of growth
stage which facilitate more photosynthesis process
and resulted in higher dry matter accumulation.
Nutrient deficiency in soil is the key factor for poor
productivity of rice. Rice yield largely depend upon
the soil conditions and also on the supply of available
nutrients like nitrogen phosphorus and potassium.
Optimum level of nutrient ensures proper plant
growth and grain formation as a result of higher yield

(Wang, 2005). Nutrient uptake increases with
increasing level of nutrient and spacing up to certain
extent and thereafter there is no further increase.
Balanced use of nutrients in adequate quantities are
necessary to increase yield and to sustain soil health
and productivity level.

MATERIAL AND METHOD
The present field experiment was conducted during
kharif season of 2013. at Research cum Instructional
farm, I.G.K.V., Raipur, and lies at 210 4‟ North
latitude and 810 35‟ East longitude with an altitude of
290.2 meters above the mean sea level. The climate
of this region is sub-humid with an average annual
rain fall of about 1200-1400 mm of which 80 per
cent is received from July to September, mainly from
South-West monsoon. The crop received 1413.6 mm
of the total rainfall during its crop growth. The
weekly average maximum and minimum temperature
varied in between 27.90C to 330C and 16.60C to
25.30C, respectively. The experimental soil was
Vertisols, neutral in reaction, low in available
nitrogen and medium in available phosphorus and
potassium content. The experiment was laid out in
factorial randomized block design
with four
replications. The treatments consisted of three
spacing viz., S1(10cm x 10cm), S2(15cm x 10cm)
and S3(20cm x 10cm) and three levels of nutrient
viz.,
F1(50%RDF),
F2(100%RDF)
and
F3(150%RDF). Recommended level of nutrient was
80:50:30 kg NPK/ha. The nursery was raised in wet
nursery beds, as per recommended package of
practices. Twenty three days old seedling were
transplanted in to the main field at the rate of two to
three seedling per hill at the spacing of 10cm x 10cm,
15cm x 10cm and 20cm x 10cm spacing, respectively
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as per treatment. The test variety was R-RHZ-1
which was short duration. Crop was transplanted on
27.07.2013 and harvested on 20.10.2013. Fertilizer
application in the field was done as per treatment
i.e.the entire amount of Phosphorus and Potash and
half dose of Nitrogen were applied as basal and
remaining half dose of Nitrogen was applied in two
equal splits viz. 25 per cent at active tillering and 25
per cent at panicle initiation stage. The Nitrogen,
Phosphorus and Potash were applied in the form of
urea, single super phosphate and muriate of potash,
respectively. Intercultural operations and plant
protection measures were adopted as per the
recommended package of practices whenever needed
right from nursery sowing up to the harvest of the
crop. The crop was irrigated as and when necessary
to keep a water level of about 3- 5 cm from
transplanting to grain filling. Frequent irrigation was
given to keep the field wet. The crop was harvested
and threshed manually in each plot and observations
were recorded from individual plots. Nitrogen,
phosphorus and potassium uptake, energy input,
energy output, net energy output and energy output :
input ratio
were
calculated and analyzed
statistically. The significance of treatment effects
was judged with the help of „F‟ (Variance ratio) test
and critical difference (CD) was worked out at 5 per
cent level of significance.
RESULTS AND DISCUSSION
Nutrient uptake
Nutrient uptake increased with increasing the spacing
and nutrient levels. The nitrogen uptake by grain was
significantly affected by nutrient levels while it was
not influenced due to spacing. Among the three
spacing, the highest uptake of nitrogen by straw and
total was noticed with the spacing of 20cm x 10cm
which was found to be statistically at par with 15cm

x 10cm spacing .The highest phosphorus, potassium
and zinc uptake by grain, straw and total was also
observed with the spacing of 20cm x 10cm. while,
the lowest uptake was recorded with the spacing of
10cm x 10cm. The higher uptake of nutrients in
widely spaced crop is ascribed to higher root growth
and greater volume of soil available to individual hill
to absorb water and nutrients under wider spacing.
Higher nutrient uptakes under wider spacing have
also been reported by Jacob and Syriac (2005) and
Throat et al. (2007). Regarding nutrient levels, the
highest nitrogen, phosphorus, potassium and zinc
uptake was observed with the application of 150 per
cent RDF. The application of higher nutrient
application leads to increased availability of nutrient
in soil and which enhances absorption in plants. The
lowest uptake was recorded with application of 50per
cent RDF. This result supports the finding of Pandey
et al. (2009) and Yaduvanshi et al. (2010).
Energetics
Energy input, energy output, net energy output,
energy output : input ratio and energy production
was significantly affected by spacing and nutrient
levels However, the interaction effect between
spacing and fertility level was found non-significant.
The maximum energy input, energy output, net
energy output, energy output : input ratio and energy
production was obtained under 20cm x 10cm spacing
while the highest energy output : input ratio obtained
under 15cm x 10cm spacing. Among nutrient levels,
the highest total energy output and net energy output,
were obtained with the application of 150 per cent
RDF while the highest energy input were obtained
under 50 per cent RDF. Output : input ratio and
energy production were obtained highest with the
application of 50 per cent RDF. The lowest total
energy output and net energy output was recorded
with application of 50 per cent RDF.

Table 1. Nitrogen uptake (kg/ha) by high zinc rice as influenced by spacing and nutrient levels
Nitrogen uptake (kg/ha)
Treatment
Grain

Straw

Total

S1 (10cm x 10cm)

48.5

24.5

73.1

S2 (15cm x 10cm)

50.2

26.6

76.8

S3 (20cm x 10cm)

52.1

27.5

79.7

1.3

0.4

1.4

Spacing

SEm±
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CD (P=0.05)
NS

1.3

4.1

38.0

20.4

58.4

48.0

25.9

74.0

64.8

32.2

97.1

1.3

0.4

1.4

3.8

1.3

4.1

Nutrient levels

N1 (50% RDF)
N2 (100% RDF)
N3 (150% RDF)
SEm±

CD (P=0.05)

Table 2. Phosphorus uptake kg/ha of high zinc rice as influenced by spacing and nutrient levels.
Treatment

Grain

Phosphorus uptake (kg/ha)
Straw

Total

Spacing
S1 (10cm x 10cm)

11.2

3.9

15.1

S2 (15cm x 10cm)

11.7

4.1

15.8

S3 (20cm x 10cm)
SEm±

12.3
0.3

4.2
0.05

16.6
0.2

CD (P=0.05)

0.8

0.15

0.7

N1 (50% RDF)

7.81

2.8

10.7

N2 (100% RDF)

11.53

4.2

15.7

N3 (150% RDF)
SEm±

15.89

CD (P=0.05)

0.76

5.2
0.05
0.15

21.0
0.2
0.7

Nutrient levels

0.26

Table 3. Potassium uptake kg/ha of high zinc rice as influenced by spacing and nutrient levels.
Potassium uptake (kg/ha)
Treatment

Grain

Straw

Total

S1 (10cm x 10cm)

27.6

161.6

189.2

S2 (15cm x 10cm)

29.4

170.5

199.9

S3 (20cm x 10cm)

30.3

176.2

206.5

1.5

1.5

4.4

4.5

Spacing

SEm±
CD (P=0.05)
Nutrient levels

0.7
2.1
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N1 (50% RDF)
N2 (100% RDF)
N3 (150% RDF)
SEm±

24.1

146.4

170.6

28.3

163.0

191.3

34.9

198.9

233.8

1.50

1.5

4.4

4.5

0.7
2.1

CD (P=0.05)

Table 4. Zinc uptake kg/ha of high zinc rice as influenced by spacing and nutrient levels.
Zinc uptake (kg/ha)
Treatment
Spacing
S1 (10cm x 10cm)
S2 (15cm x 10cm)
S3 (20cm x 10cm)
SEm±

Grain

Straw

Total

0.091
0.096
0.098

0.40
0.41
0.41
0.01

0.49
0.50
0.51
0.01

NS

NS

0.36
0.41
0.45
0.01

0.45
0.50
0.55
0.01

0.03

0.03

0.003
CD (P=0.05)
NS
Nutrient levels
N1 (50% RDF)
N2 (100% RDF)
N3 (150% RDF)

0.091
0.095
0.100

SEm±

0.003
NS

CD (P=0.05)

Table 5. Energy calculation of high zinc rice as influenced by spacing and nutrient level.
Treatment
Spacing
S1(10cm x 10cm)
S2 (15cm x 10cm)
S3 (20cm x 10cm)
SEm±
CD (P=0.05)
Nutrient level
N1 (50% RDF)
N2 (100% RDF)
N3 (150% RDF)
SEm±
CD (P=0.05)

Energy input
(MJ x 103/ha)

Total energy
output
(MJ x 103/ha)

Net energy output
(MJ x 103/ha)

Energy output:
input ratio

7.20
9.96
12.71
-

132.32
134.85
136.90
1.07
3.14

121.84
125.14
127.47
1.07
3.14

13.11
14.51
15.24
0.11
0.33

10.55
9.74
9.58
-

126.20
134.87
143.01
1.07
3.14

119.08
124.99
130.38
1.07
3.14

17.82
13.69
11.34
0.11
0.33
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EFFECT OF GROUND WATER QUALITY ON SOIL SALINITY AND CHEMICAL
COMPOSITION OF MUSTARD CROP OF GHARSANA TEHSIL, DISTRICT
SRIGANGANAGAR, RAJASTHAN
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Abstract: The survey of ground water quality on soil salinity and chemical composition of mustard crop of Gharsana tehsil,
district Sriganganagar, Rajasthan” was undertaken to assess the quality of ground water and its effect on physico-chemical
properties of soils and chemical composition of mustard. Forty ground irrigation water samples along with their
corresponding forty surface (0-15 cm depths) soil and mustard plant samples were collected from different villages of
Gharsana tehsil. The quality of irrigation water were analyzed for physico-chemical characteristics such as pH, ECiw, SAR,
RSC and potential salinity and it was found that majority of ground waters of the study area are not suitable for irrigation
purposes. The effects of quality of irrigation water on the soil salinity were determined. The results showed that all irrigated
fields have high salt concentration as indicated by pH2, EC2 and SAR2 values of soil samples. Saline water increased the soil
salt. Thus, the salts accumulation in soil was closely related to the salt concentration of irrigation water, and there was a
progressive and significant increase in soil salinity values as the potential salinity of irrigation water increases. Use of high
ECiw (8.60 dS/m), pH (9.69), SARiw (18.61), RSCiw (12.30 me/L) and potential salinity (71.61 me/L) of ground water
decreased the per cent K+ and Mg+2 content in mustard plant leaves due to relative dominance of Na+ ion resulting increased
Na+ and Ca+2 content.
Keywords: Ground water quality, Salinity, Correlation, Mustard

INTRODUCTION

P

rofitable agriculture in arid and semi-arid regions
is mainly dependent on the fair availability of
good quality irrigation water. Fresh surface water
supplies in these areas are gradually becoming short
to meet the crop water requirement. To augment the
inadequate water supplies the use of poor quality
ground water is imperative. Unfortunately, the major
portion of this water (75 per cent) is unfit for
irrigation due to variable amounts of sodium and
bicarbonate ions [Malik et al. 1984]. Water used for
irrigation can also vary greatly in quality depending
upon the type and quantity of dissolved salts. In
irrigated agriculture, the hazard of salt water is a
constant threat. Poor-quality irrigation water
becomes more concern as the climate changes from
humid to arid conditions. Salts are originated from
dissolution or weathering of rocks and soil, including
dissolution of lime, gypsum and other slowly
dissolved soil minerals. These substances are carried
with the water to wherever it is used (UCCC, 1974).
Continuous and prolong use of poor quality
groundwater could induce salination/sodication of
soils and greatly hamper the growth of most of the
agronomic crops [Singh et al. 1992]. However, the
quality of the irrigation water applied will also affect
the soil chemical properties which influence soil
dispersion and aggregate breakdown, surface sealing
and crust formation (Shainberg and Letey, 1984).
High residual sodium carbonate (RSC) irrigation
water is characterized by sodium carbonate as a

predominant salt. The prolonged use of such water
immobilizes soluble Ca and Mg in the soil by
precipitating them as carbonates. Consequently,
increases the concentration of Na+ in the soil solution
and exchangeable complex and leads to development
of sodic conditions. The use of sodic water for
irrigation adversely affects productivity of soil by
influencing the uptake of nutrients (Chauhan et al.
1988). The chemical constituents of irrigation water
can affect plant growth directly through toxicity or
deficiency, or indirectly by altering plant availability
of nutrients (Ayers and Westcot, 1985; Rowe et al.,
1995). Specific ion effect may also deteriorate
metabolic activities in the plants and ultimately the
plants may die. Actually, plants take up excessive
amounts of Na+ at the cost of K+ and Ca2+ in a saline
environment (Kuiper, 1989). An attempt has been
made to study the effect of ground water quality on
soil salinity and chemical composition of mustard
crop of Gharsana tehsil, district Sriganganagar,
Rajasthan. Gharsana tehsil is located in north-west
part of the Sriganganagar district (Rajasthan) and
situated between 2902’ north latitude and 7305’
east longitude and elevation of 156 m from mean sea
level. It is a part of semi-arid belt of Rajasthan
having geographical area of 1589.33 km2. It is
surrounded by the tehsil Anupgarh in north and
Chhatargarh, pugal and khajuwala tehsil of Bikaner
district in south east and western border touches Fort
Abbas tehsil of Bahawalnagar district of Pakistani
Punjab. The study area lies in the agroclimatic zoneIb. The climate of the area is typically semi-arid.
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Rainfall and temperatures are the two main elements
of the climate. The rainfall is seasonal and not
properly distributed and it varies between 100 to 350
mm annually which is mostly received during the
months of July to September. In summer maximum
temperature ranges between 370C to 490C and in
winter the minimum temperature varies from 1 0C to
100C and sometimes it falls below 00C. Weather
hazards are also not uncommon in this region; like
storms during summers, fog during winters and
nights are frosty.
MATERIAL AND METHOD
Forty ground water samples were collected from the
tube wells which were used for irrigating the field
crops. Water samples were taken from the pumps and
collected in clean and ringed plastic bottles of 150
ml capacity with all necessary precautions. In the
laboratory, water samples were analyzed for EC, pH,
major cations and anions such as Na+, Ca++, Mg++, K+
, Cl-, HCO3-, CO3--and SO4--. The value of SAR, RSC
and potential salinity were also calculated. Along
with each water sample, representative and
composite soil samples irrigated with tube well
waters were collected from surface layers 0-15 cm
soil depths, mixed thoroughly and analyzed for EC 2,
pH2 and SAR2. All the parameters were analyzed by
using standard methods outlined by Richards (1954).
Fourty samples of mustard leaves at flowering stage
were collected from the same sites of water and soil
sampling and analyzed for Ca2+, Mg2+, Na+ and K+
as per procedure described by Richards (1954) and
Bhargava and Raghupati (1993).
RESULT AND DISCUSSION
Water and soil characterization
pH:-A perusal of data in table 1 revealed that the pH
of ground water of Gharsana tehsil in Sriganganagar
district of Rajasthan under mustard crop varied from
7.68 to 9.69 with the mean value of 8.92 and the pH2
of soils ranged between 7.70 to 9.87 with mean value
9.01.. The pH of ground irrigation water under
mustard cultivation had shown significant and
negative correlation with ECiw (r = -0.378**) of
irrigation water and EC2 (r= -0.446**) of soil
showing significant and positive correlation with
SAR2 (r= 0.255**) of soil and pH2 of soil positively
correlated with ECiw (r = 0.014) and pH (r= 0.232**),
RSC (r = 0.182*), of irrigation water. Further pH 2 of
soil significantly and positively correlated with SAR
(r= 0.457**) of irrigation water and SAR2 (r =
0.407**) whereas, negative and significantly
correlated with EC2 (r= -0.214**) of soil (Table 2).
Similar findings were also reported by Ram (2003)
and Sharma (2005).
EC:-The data presented in table 1 indicated that the
electrical conductivity of ground irrigation water
varied between 1.11 to 8.60with mean value of 3.58

dS m-1 and the EC2 of soils varied from 1.0 to 5.82
with mean value 1.82 dS m-1. EC of ground irrigation
showed significant positive correlation with potential
salinity (r = 0.988**) and EC2 (r= 0.344**) of soil.
It also shows positive correlation with, pH2 (r =
0.014) and negative correlation with SAR2 (r = 0.048) of soil. The EC2 of soil significantly and
positively correlated with ECiw and negatively
correlated with pH of irrigation water (Table 2).
Similar results have been reported by Mascellis et al.
(2011) and Cucci et al. (2013).
SAR:-The data presented in table 1 indicated that the
SAR values of ground irrigation ranges between
4.21 to 18.61 and the SAR2 values of soils varied
between 0.20 to 4.50.The SAR of irrigation water
under mustard cultivation exhibited SAR of
irrigation water showed significant and positive
correlations with ECiw (0.355**), pH (r = 0.417**),
RSC (r = 0.304**), potential salinity (0.309**) of
irrigation water and pH2 (0.457**), SAR2 (0.233**)
of soil. It also shows non-significant and negative
correlation with EC2 (r = -0.135) and organic carbon
(r = -0.124) content of soil. The SAR2 of soils also
observed positive and significant correlation with
SAR (r = 0.233**), pH (r = 0.255**), RSC (r =
0.323**) of irrigation water and pH2 (r = 0.407** )
of soil (Table 2). The SAR values increased with an
increase in SAR, RSC, pH of irrigation water and
pH2 of soils might be due to dominance of soluble
Na+ over Ca2+ and Mg2+ contents. Similar results
were also reported by Ram (2003), Sharma (2005),
Holanda Filho et al. (2011) and Cucci et al. (2013).
RSC:-The RSC indicates the excess of carbonate and
bicarbonates over calcium and magnesium in ground
irrigation water. The data presented in table 1
revealed that RSC values of ground irrigation water
varied from nil to 12.30 me L-1. The RSC of ground
water showed significantly and positively correlation
with SAR (r = 0.304**) and pH (r = 0.654**) of
irrigation water. Further, RSC of irrigation had
shown positive correlation with pH2(r = 0.182*),
SAR2 (r = 0.323**) and significantly negative
correlated with EC2(r = -0.304**) of soil (Table 2).
Thus, high RSC water reduces the soil salinity due to
precipitation of Ca2+ and Mg2+ ions into their
carbonate and bicarbonates formed in soil solution.
Singh and Singh (1997), Oswal (1999) and Ram
(2003) have also reported the similar results.
Potential salinity:-Potential salinity = Cl- + 12 SO42-,
all ions are expressed as me L-1 Doneen (1963). The
chloride salts are more harmful than sulphates. This
is because when both the ions occur in high
concentrations, only half of the sulphate ions
contribute to salinity due to the fact that
approximately half of the sulphates get pricipited as
CaSO4 while the other half remains in soluble form
as Na-MgSO4 in the soil (Gupta 1979). The data
presented in table 1 indicated that potential salinity
values of ground irrigation water under mustard
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cultivation varied from 2.01 to 71.61 with a mean
value of 25.51 me L-1.
Plant characterization
Na+:-Data presented in table 3 indicates that the Na+
content in mustard leaves ranged from 0.70 to 4.40
with an average value of 1.34 per cent. Na+ content
in mustard leaves had shown significant and positive
correlation with ECiw (r= 0.767**), SAR (r=
0.514**) and potential salinity (r= 0.757**) of
ground irrigation water (Table 4). These results are
supported by the findings of Chhipa and Lal (1985),
Ragab et al.(2008), Shamsi and Kobraee (2013) and
Yousufinia et al.(2013).
K+ :-The data presented in table 3 revealed that K+
content in mustard leaves varied from 4.00 to 4.99
with an average value of 4.71 per cent. K+ content in
the leaves of mustard plant had shown significant
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and negative correlation with ECiw (r= -0.974**),
SAR (r= -0.715**), potential salinity (r= -0.967**)
of ground irrigation water (Table 4). These results
get support from the findings of Balki and Padole
(1982), Chhipa and Lal (1985) and Pathan (1987),
Shamsi and Kobraee (2013).
Ca+2:- It is evident from the data presented in table 3
that the Ca2+ content of mustard leaves ranged from
0.06 to 0.90 with an average value of 0.72 per cent.
Ca+2 content in mustard leaves showed significant
and positive correlation with ECiw (r= 0.980**), SAR
(r= 0.649**), potential salinity (r= 0.973**) of
ground irrigation water (Table 4). These results are in
conformity with the findings of Chhipa and Lal
(1985), Jat (1986), Khandelwal (1986) and Kumawat
(1989).

Table 1. Chemical characteristics Ground water and soils of Gharsana tehsil in Sriganganagar district under
mustard cultivation.
Sample
Code
No.

Ground water
pH

ECiw
(dSm-1)

RSCiw
(me L-)

SARiw

Soil
pH2

EC2
(dSm-1)

Plant
SAR2

+

+

Na
(%)

K
(%)

Ca+2
(%)

Mg+2
(%)

S1
S2

8.93
9.05

2.47
2.12

0.00
2.40

9.59
9.30

Potential
salinity
(meL-1)
19.01
13.26

S3
S4
S5

8.23
8.92
9.24

6.80
1.68
2.31

0.00
0.00
3.40

8.50
6.97
9.98

58.26
12.31
13.76

8.44
9.02
8.69

3.84
1.36
1.39

3.80
3.20
3.30

2.00
0.75
0.85

4.35
4.90
4.96

0.82
0.65
0.68

0.30
0.68
0.64

S6
S7
S8

9.22
9.08
9.34

3.87
2.54
6.94

4.20
4.80
0.00

9.66
9.73
11.25

20.86
13.51
58.61

9.14
8.62
8.93

1.15
1.33
1.35

2.40
1.70
1.80

1.30
1.50
1.95

4.75
4.85
4.25

0.72
0.7
0.83

0.62
0.60
0.29

S9
S10
S11

8.94
7.90
8.22

8.20
4.42
3.65

0.00
0.00
0.00

10.04
6.90
4.38

63.77
35.51
29.54

8.89
7.94
8.42

3.40
3.12
2.58

2.94
1.56
1.20

2.00
1.40
1.50

4.00
4.50
4.80

0.87
0.75
0.7

0.25
0.40
0.42

S12
S13
S14

7.68
9.00
8.13

4.48
1.12
4.50

0.00
0.60
0.00

4.32
5.51
8.80

38.20
6.61
31.64

8.07
8.63
9.65

2.65
1.78
1.30

1.50
1.00
3.23

1.45
0.80
1.45

4.60
4.98
4.70

0.78
0.65
0.75

0.45
0.38
0.70

S15
S16
S17

8.35
9.04
9.62

4.25
1.35
3.91

0.00
2.30
5.26

8.60
7.51
17.25

29.74
7.56
27.05

9.52
9.59
9.44

1.26
1.32
1.14

3.00
3.30
3.60

1.42
0.79
1.30

4.50
4.99
4.75

0.74
0.66
0.73

0.40
0.63
0.43

S18
S19
S20
S21

9.05
9.06
9.66
8.79

4.72
1.60
1.73
5.70

2.50
2.41
9.10
0.00

17.25
4.21
8.57
12.82

34.71
5.96
3.37
48.61

9.52
9.23
9.54
9.38

1.38
1.22
1.48
1.34

3.00
2.80
4.00
3.70

4.40
0.78
0.85
1.86

4.50
4.95
4.97
4.39

0.77
0.65
0.66
0.8

0.38
0.65
0.64
0.35

S22
S23
S24

9.49
8.72
9.20

2.72
6.94
1.82

4.90
0.00
6.76

9.90
11.21
8.79

14.26
59.00
6.66

9.00
8.94
9.34

1.20
2.65
1.11

2.90
2.40
2.80

1.00
2.25
0.75

4.80
4.20
4.97

0.68
0.84
0.66

0.60
0.30
0.70

S25
S26
S27

9.52
9.69
9.30

1.56
2.35
1.17

12.30
11.21
2.80

17.93
18.45
8.18

2.01
9.84
6.44

9.49
9.22
8.60

1.24
1.18
1.73

4.00
4.20
0.20

0.70
0.86
0.75

4.98
4.90
4.97

0.65
0.69
0.64

0.72
0.62
0.75

S28
S29
S30

8.90
8.33
8.44

1.65
5.68
4.64

6.38
0.00
0.00

7.35
12.45
9.59

7.46
47.49
37.14

9.16
9.49
9.22

1.25
2.45
1.14

1.80
0.50
3.40

0.77
1.80
1.55

4.96
4.42
4.52

0.66
0.82
0.77

0.70
0.34
0.40

S31
S32
S33

9.03
9.39
9.29

7.15
1.11
1.84

0.00
2.20
7.32

18.61
12.34
10.32

59.25
7.54
7.14

9.70
9.09
9.10

3.85
1.30
1.16

2.00
2.80
2.90

2.50
0.70
0.75

4.22
4.99
4.96

0.83
0.6
0.65

0.32
0.75
0.72

S34

8.62

4.98

0.00

9.99

41.41

8.57

2.45

0.50

1.48

4.60

0.8

0.36

9.22
8.74

1.38
1.54

2.45
1.45

0.95
0.80

4.98
4.80

0.68
0.65

0.60
0.70
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S35
S36

9.20
8.93

1.97
8.60

4.47
0.00

6.96
15.65

8.26
71.61

7.70
8.92

1.00
1.81

2.98
3.60

0.82
2.80

4.90
4.10

0.67
0.9

0.64
0.20

S37
S38
S39

9.04
8.43
9.37

3.69
3.54
2.18

0.00
0.00
2.00

8.90
8.53
6.00

25.19
25.37
9.72

8.73
9.87
8.68

1.64
1.36
1.28

3.00
4.50
3.50

1.32
1.30
0.80

4.80
4.75
4.85

0.7
0.69
0.65

0.55
0.58
0.50

S40

8.65

1.16

3.90

4.93

3.00

9.05

5.82

4.20

0.78

4.98

0.64

0.70

MEAN
MAXI.

8.92
9.69

3.58
8.60

2.53
12.30

9.93
18.61

25.51
71.61

9.01
9.87

1.82
5.82

2.68
4.50

1.34
4.40

4.71
4.99

0.72
0.90

0.52
0.75

MIN.

7.68

1.11

0.00

4.21

2.01

7.70

1.00

0.20

0.70

4.00

0.60

0.20

Table 2. Correlation between chemical characteristics of ground water and soil

1

ECiw

2

pH

3

RSCiw

4

SARiw

5
6

Potential
salinity
EC2

7

pH2

8

SAR2

1
ECiw

2
pH

3
RSCiw

4
SARiw

5
Potential
salinity

6
EC2

7
pH2

8
SAR2

1.000

-0.378**

-0.538**

0.355**

0.988**

0.344**

0.014

-0.048

1.000

0.654**

0.417**

-0.441**

-0.446**

0.232**

0.255**

1.000

0.304**

-0.621**

-0.304**

0.182*

0.323**

1.000

0.309**

-0.135

0.457**

0.233**

1.000

0.373**

-0.025

-0.113

-0.135

0.074

-0.093

1.000

-0.214**

-0.097

1.000

0.407**

*indicates significant at 5% level ** indicates significant at 1% level of significance
Table 3. Correlation between chemical characteristics of ground water and mustard plant

1
2
3

EC
Ph
RSC

4

SAR

5

Potential
salinity
Na

6
7
8
9

1
EC

2
pH

3
RSC

4
SAR

5
Potential
salinity

6
Na

7
K

8
Ca

9
Mg

1.000

-0.378**

-0.538**

0.685**

0.988**

0.767**

-0.974**

0.980**

-0.866**

1.000

0.654**

0.058

-0.441**

-0.259**

0.376**

-0.405**

0.370**

1.000

-0.150

-0.621**

-0.405**

0.548**

-0.507**

0.577**

1.000

0.636**

0.514**

-0.715**

0.649**

-0.520**

1.000

0.757**

-0.967**

0.973**

-0.882**

0.473**

0.046

-0.078

0.007

1.000

-0.765**

0.770**

-0.720**

1.000

-0.957**

0.873**

1.000

-0.878**

K
Ca
Mg

*indicates significant at 5% level ** indicates significant at 1% level of significance
Mg+2 :- Data presented in table 3 indicated that Mg2+
in mustard leaves varied from 0.20 to 0.75 with an
average value 0.52 per cent. Mg+2 content in the
leaves of mustard plant had shown significant and
negative correlation with ECiw (r= -0.866**), SAR
(r= -0.520**), potential salinity (r= -0.882**) of
ground irrigation water (Table 4). These results are
supported by the findings of Lal et al. (1980),
Somani (1982) and Girdhar and Yadav (1989).
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INFLUENCE OF WATERLOGGING, SALINITY AND THEIR INTERACTION ON
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Abstract: The Influence of waterlogging, salinity and their interaction on biomass and yield and its attributes was studied in
four pigeonpea genotypes (ICPH-2431, PARAS, UPAS-120, H09-33). Plants were raised in in polythene bags filled with
half kg soil + FYM manure mixture. Waterlogging, salinity and waterlogging + salinity treatments were given for 8 and 12
days and observations were recorded 1 and 8 days after removal from treatment in 20 and 40 day old plants. A significant
decline in percent survival, biomass, seed yield and seed test weight was observed with waterlogging and combined
treatment of waterlogging and salinity. Alone salinity resulted in no decline in percent survival and comparatively less
decline in biomass, seed yield and seed test weight. All the stresses were found more deleterious when given at later stages.
ICPH 2431 performed best among all the genotypes in terms of percent survival, biomass, seed yield and seed test weight.
Keywords: Waterlogging, Salinity, Pigeonpea, Biomass, Seed yield

INTRODUCTION

P

igeonpea is an important pulse crop of South
Asia. Being a summer-rainy season crop,
pigeonpea is exposed to waterlogging condition
during germination and early vegetative growth
phases. This is the crucial period, which determines
the crop stand and ultimately crop growth and
productivity (Kumutha et al., 2008). . Waterlogged
plants are affected by various stresses, such as
limitations to gas, mineral nutrient deficiencies and
microelement toxicities (Setter and Waters, 2003;
Setter et al., 2009). Seed germination is very
sensitive to waterlogging. Decrease in germination
ability has been attributed to a shortage of oxygen
due to waterlogging (Orchard and Jessop, 1984).
About 0.28 million tons loss in pigeonpea has been
reported annually due to waterlogging (ICRISAT
Report, 2011). In India, where most of world’s
pigeonpea is produced, around 2.95 million hectares
land is also affected by salinity and in Haryana 49.2
thousand hectares is affected by salinity (CSSRI,
2016). High concentrations of salt resulting from
natural processes or disarrangement in irrigated
agriculture result in inhibition of plant growth and
yield (Demiral and Turkan, 2006). Germination of
seeds, one of the most critical phases of plant life, is
greatly influenced by salinity (Misra and Dwivedi,
2004). Higher level of salt stress inhibits the
germination of seeds while lower level of salinity
induces a state of dormancy (Khan and Weber,
2008). In recent years, an impressive amount of
knowledge has accumulated on plant physiological
and molecular responses to salinity or waterlogging
stresses. However, studies dealing with the combined

effects of these two stresses are much rarer and often
controversial (Barrett-Lennard, 2003). Nonetheless,
the occurrence of combined salinity and
waterlogging stress is increasing throughout the
world. This is due to intensive irrigation in
agricultural production systems (Smedema and
Shiati, 2002), rise of saline water tables (Hatton et
al., 2003), and seawater intrusion in coastal
environments (Carter et al., 2006). When combined
with waterlogging, salinity can cause even greater
damage to plants, so having a major impact on
agricultural production (Barrett-Lennard, 2003).
Therefore, the present investigations was undertaken
to study the independent and interactive effects of
waterlogging and salinity on biomass and yield and
its attributes in pigeonpea genotypes.
MATERIAL AND METHOD
Four genotypes were raised in polythene bags filled
with half kg soil + FYM manure mixture (3 soil:
1manure v/v), NPK (@20:60:20 kg per ha). Twenty
and forty days after sowing the pots were placed in
cemented tanks (length 160 cm, breadth 125 cm and
depth 65 cm). Waterlogging salinity (30 mM NaCl)
and waterlogging + salinity (30 mM NaCl)
treatments were given for 8 and 12 days and
observations were recorded 1 and 8 days after
removal from treatment.
Statistical Design: Factorial Randomized Design (4
Replications)
Survival percentage: After removal from the
treatments the living plants were counted and
expressed in the term of percent survival
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Total plant biomass (g):Three random plants of
each genotype were collected from the pots, washed
& its root, stem, leaves were separated and wrapped
in a paper bag and was kept at room temperature for
one day. Then these samples were dried in an oven at
70ºC till a constant weight was obtained.
Yield and yield components
Seed yield per plant (g): At the time of harvesting,
the seeds of each plant were collected separately and
weighed. The seeds weight was expressed in grams
per plant.
Test weight (g): Hundred seeds were counted from
each genotype and the weight was recorded in grams.
This weight was recorded as test weight.

Forty day old plants were more sensitive to
waterlogging and waterlogging + salinity treatment
resulting in 40 to 80% decrease 1 DAR was which
further increased to 100% 8 DAR from 8 days
waterlogging. No survival was observed with 12
days waterlogging and waterlogging + salinity
treatment 1 and 8 DAR from treatment. No decline in
percent survival was observed under salinity
treatment also in 40 days old plants (Table 5 B).
ICPH-2431 performed best under waterlogging and
waterlogging + salinity treatments (8 days and 12
days) followed by PARAS, HO9-33 and UPAS-120
in 20 day as well as 40 day old plants . Kumutha et
al., (2008) reported in green gram that tolerant
genotype MH96-1 did not show any mortality even
after 8 days of waterlogging and recovery while
susceptible genotype MH 1K- 24 showed more than
60% mortality during recovery after 8 days of
waterlogging. The negative effects of salinity have
been attributed to increase in Na+ and Cl– ions in
different plants hence these ions produce the critical
conditions that affect plant survival by intercepting
different plant mechanisms. Although both Na + and
Cl– are the major ions which produce many
physiological disorders in plants, Cl– is the most
dangerous (Tavakkoli et al., 2010). Not surprisingly,
for most genotypes tested, there were adverse
interactions between waterlogging and salinity on
plant survival. Carter et al., (2006) reported that the
regulation of ions uptake and production of organic
solutes (i.e. methyl proline) is related to combined
salt and flood stress tolerance in some wetland
plants.

RESULT AND DISCUSSION
Percent survival
A 40 to 50 % decline was observed in percent
survival 1 DAR which further increased to 65 to 90
% 8 DAR (day after removal) from waterlogging (8
days) treatment in 20 days old plants. Twelve days
waterlogging treatment was more deleterious and
resulted in 50 to 75% decrease in percent survival 1
DAR which further increased to 100% 8 DAR.
Salinity treatment alone had no deleterious effect and
no decline in percent survival was observed.
Waterlogging and salinity treatment in combination
was more deleterious resulting in 70 to 80 %
decrease in percent survival 1 DAR and 100 % 8
DAR from 8 days treatment. No survival was
observed with 12 days waterlogging + salinity
treatment 1 and 8 DAR from treatment (Table 5 A).

Table 1. Effect of waterlogging, salinity and their combination (8 & 12 days) on survival percent (%) of pigeon
pea genotypes
A) 20 DAS
8day* (1 day)**

12day* (1 day)**

8day* (8 day)**

12day* (1 day)**

Genotype

C

W

S

W+S

W

S

W+S#

C

W

S

W+S#

W#

S

W+S#

ICPH 2431

100

58

100

35

50

100

0

100

38

100

0

0

100

0

UPAS 120

100

46

100

19

24

100

0

100

15

100

0

0

100

0

H09 33

100

47

100

26

41

100

0

100

21

100

0

0

100

0

PARAS

100

47

100

33

43

100

0

100

26

100

0

0

100

0

B) 40 DAS
8day *(1 day)**
Genotype

C

W

S

W+S

ICPH 2431
UPAS 120
H09 33
PARAS

100
100
100
100

40
20
20
30

100
100
100
100

20
10
10
20

* duration of treatment

12day* (1 day)**
W+S
W#
S
#
0
100 0
0
100 0
0
100 0
0
100 0

** stage of sampling

Plant biomass: Total plant biomass decreased with
various treatments (Table 44 A and B). The decline
in total plant biomass was 22.3 to 28.1% with W, 1.7
to 8.3% with S when given for 8 days and 5.0 to
15.6% with S treatment when given for 12 days in 20

8day* (8 day)**
C

W#

S

100
100
100
100

0
0
0
0

100
100
100
100

W+S
#
0
0
0
0

12day* (1 day)**
W+S
W# S
#
0
100 0
0
100 0
0
100 0
0
100 0

# no survival was observed
day old plants. Maximum decline in plant biomass
was observed in UPAS 120 with all treatments and
minimum decline was observed in ICPH 2431. No
plant survived 8 DAR from 8 days combined
treatment, 12 days waterlogging and 1 and 8 DAR
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from 12 days combined treatment in 20 day old
pigeonpea plants. Forty day old plants recorded a
higher decline of 4.1 to 15.6% and 9.9 to 25.0% in 8
days and 12 days treatment respectively. No survival
was observed 8 DAR from 8 days and 1 and 8 DAR
from 12 days waterlogging and waterlogging +
salinity treatment in 40 day old pigeonpea plants.
Maximum decline was observed in UPAS 120
followed by HO9 33, PARAS and minimum in ICPH
2431. Kumutha et al., (2009) also reported in

127

pigeonpea genotypes that total dry matter decreased
with different durations of waterlogging, and greater
reduction over control was recorded in Pusa 207
(sensitive) than ICP 301 (tolerant). According to
Munns, (2002), salt stress decreases growth in most
plants and these plants are not able to produce their
maximum biomass. Zeng et al.,(2013) reported that
two weeks of combined salinity and waterlogging
treatment significantly decreased plant biomass in
two barley genotypes, CM72 and Naso Nijo.

Table 2. Effect of waterlogging, salinity and their combination (8 & 12 days) on biomass/plant (g) of pigeonpea
genotypes (at harvest)
A) 20 DAS
Genotype
C
W(8)*
S (8)*
S (12)*
Mean
ICPH 2431

12.1

9.4

11.9

11.5

11.2

UPAS 120

9.6

6.9

8.8

8.1

8.4

HO9 33

10.2

7.6

9.6

9.1

9.1

PARAS

11

8.2

10.6

10

10

Mean

10.7

8

10.2

9.7

C.D. at 5 %

T- 0.55 , G- 0.55, TXG-N.S.

B) 40 DAS
Genotype
ICPH 2431
UPAS 120
HO9 33
PARAS
Mean
C.D. at 5 %
*duration of treatment

C
S (8)*
12.1
11.6
9.6
8.1
10.2
9.1
11
10.2
10.7
9.8
T- 0.55, G- 0.64, TXG- N.S.

Yield and it’s attributes
Seed test weight (100 seeds weight): A decline of
11.0 to 22.7% was observed in seed test weight
(Table 45 A and B ) under 8 days W and 6.1 to
12.0% decline was observed under 8 days S
treatment which further increased to 8.5 to 33.3%
when S treatment was given for 12 day in 20 day old
plants. No plant survived 8 DAR from 8 days
combined treatment, 12 days waterlogging and 1 and
8 DAR from 12 days combined treatment in 20 day
old pigeonpea plants. No plant survived 8 DAR from
8 days combined treatment, 12 days waterlogging
and 1 and 8 DAR from 12 days combined treatment
in 20 day old pigeonpea plants. The seed test weight
decreased from 11.0 to 18.1% with S (8 days) and

S (12)*
10.9
7.2
8.2
9.2
8.9

Mean
11.5
8.3
9.2
10.1

14.6 to 40.0% with S (12 days) treatments in 40 day
old plants. No survival was observed 8 DAR from 8
days and 1 and 8 DAR from 12 days waterlogging
and waterlogging + salinity treatment in 40 day old
pigeonpea plants. Maximum decline was observed in
UPAS 120 and minimum in ICPH 2431. Vania et al.,
(2015) reported decline in seed test weight of rye
under waterlogging stress. Decrease in seed test
weight under salinity treatment was observed in
several crops like soybean (Mannan et al., 2013),
wheat (Kumar et al., 2012). Ibrahim et al., (2007)
observed decline in seed test weight in wheat varities
when subjected to saline flooding having 50 mM
NaCl for 2 days.

Table 3. Effect of waterlogging, salinity and their combination (8 & 12 days) on seed test weight/plant (g)
pigeonpea genotypes (at harvest)
A) 20 DAS
Genotype
C
W(8)*
S (8)*
S (12)*
Mean
ICPH 2431
8.2
7.3
7.7
7.5
7.7
UPAS 120
7.5
5.8
6.6
5
6.2
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HO933
PARAS
Mean
C.D. at 5%

7.8
6.2
8.1
6.3
7.9
6.4
T- 0.70, G- 0.70, TXG- N.S.

7
7.4
7.2

6.5
7
6.5

6.9
7.2

B) 40 DAS
Genotype

C

S (8)*

S (12)*

Mean

ICPH 2431

8.2

7.3

7

7.5

4.5
5.9
6.7
6

6
6.7
7.2

UPAS 120
HO9 33
PARAS
Mean
C.D. at 5%
*duration of treatment

7.5
6.1
7.8
6.4
8.1
6.9
7.9
6.7
T- 0.71, G- 0.82, TXG- N.S.

Seed yield per plant:The seed yield per plant
decreased with W and S treatments (Table 46 A and
B). The seed yield per plant declined from 27.4 to
61.5% with W, 18.5 to 33.0% with S 1 DAR from S
8 days treatments. Maximum decline in yield per
plant was observed in (UPAS 120) 61.5% with W (8
days) and 33.0 % with S (8 days) and minimum
decline was observed in (ICPH 2431) 27.4% with W
(8 days) treatment and 18.5% with S (8 days) in 20
day old plants. Salinity treatments had more adverse
effect on seed yield when given for 12 days with 23.5
to 52.7% decline in 20 day old plants. No plant
survived 8 DAR from 8 days combined treatment, 12
days waterlogging and 1 and 8 DAR from 12 days
combined treatment in 20 day old pigeonpea plants.
A decline of 22.0 to 35.1% was observed in seed
yield under 8 days S treatment which further
increased to 30.8 to 62.2 under 12 days S treatment

in 40 day old plants. No survival was observed 8
DAR from 8 days and 1 and 8 DAR from 12 days
waterlogging and waterlogging + salinity treatment
in 40 day old pigeonpea plants. Maximum decline
was observed in UPAS 120 and minimum decline
was observed in ICPH 2431 under S treatment also in
40 day old plants. Vania et al., (2015) reported
decline in seed yield per plant of rye under
waterlogging stress. Kumar et al., (2012) studied the
effect of salinity on yield attributes of wheat
genotypes and observed that grain yield per plant
significantly reduced by 40 % and 34 % due to
salinity > 3 dsm-1. Genotypes K9006, K8434,
KRL1-4, K88 and HD 2733 showed better tolerance
against higher levels of salinity. Nasher, (2013)
reported decline in seed yield under combined
waterlogging and salinity.

Table 4. Effect of waterlogging, salinity and their combination (8 & 12 days) on seed yield/plant (g) of
pigeonpea genotypes (at harvest)
A) 20 DAS
Genotype
C
W(8)*
S (8)*
S (12)*
Mean
ICPH 2431

5.87

4.24

4.77

4.47

4.9

UPAS 120

5.26

1.98

3.5

2.45

3.4

HO9 33

5.43

2.2

3.78

2.56

3.6

PARAS

5.54

3.43

4.74

4.05

4.5

Mean

5.6

3

4.3

3.5

C.D. at 5%

T- 0.91, G- 0.91, TXG- N.S.

B) 40 DAS
Genotype

C

S (8)*

S (12)*

Mean

ICPH 2431

5.87

4.56

4.04

4.9

UPAS 120

5.26

3.38

1.94

3.6

HO9 33

5.43

3.5

1.98

3.7
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PARAS

5.54

4.23

3.13

Mean

5.6

4

2.9

C.D. at 5%

T- 0.91, G- N.S., TXG- N.S.

4.4

*duration of treatment
CONCLUSION
This results suggest that waterlogging and salinity in
combination is more deleterious to plants of
pigeonpea as compared to these stresses alone and
resulted in more decline in percent survival, biomass,
seed yield and seed test weight both in tolerant and
sevsitive genotypes. Salinity alone resulted in
minimum decline in percent survival, biomass, seed
yield and seed test weight. All the three stresses are
more deleterious when given at later stages of
growth. ICPH 2431 performed best among all the
genotypes in terms of percent survival, biomass, seed
yield and seed test weight.
REFERENCES
Barrett-Lennard, E.G. (2003). The interaction
between waterlogging and salinity in higher plants,
causes, consequences and implications. Plant and
Soil. 253: 35–54.
Carter, J.L.; Colmer, T.D. and Veneklaas, E.J.
(2006). Variable tolerance of wetland tree species to
combined salinity and waterlogging is related to
regulation of ion uptake and production of organic
solutes. New Phytologist, 169: 123-134.
CSSRI (2016). Extent and distribution of salt
affected soils in India, Central Soil Salinity Research
Institute Karnal, Haryana, India.
Demiral, T. and Turkan, I. (2006). Exogenous
glycine betaine affects growth and proline
accumulation and retards senescence in two rice
cultivars under NaCl stress. Environmental and
Experimental Botany, 56: 72-79.
Hatton, T.J.; Ruprecht, J. and George, R.J.
(2003). Preclearing hydrology of the Western
Australia wheat belt, target for the future. Plant and
Soil. 257: 341-356.
Ibrahim, K.M.; Wright, D.; Mirbahar, R.B. and
Panhwar, M. (2007). Effects of salinity and
waterlogging on ion uptake and growth of wheat
varieties. Pakistan Journal of Botany, 39(7): 25352540.
ICRISAT, Half-Yearly Progress Report, June December (2011). Selection and Utilization of
Water-logging Tolerant Cultivars in Pigeonpea.
Kumar, R.; Singh, M.P. and Kumar, S. (2012).
Effect of salinity on germination, growth, yield and
yield attributes of wheat. International Journal of
Scientific and Technology Research, 1(6): 19-23.
Kumutha, D.; Ezhilmathi, K.; Sairam, R.K.;
Srivastava, G.C.; Deshmukh, P.S. and Meena,
R.C. (2009). Waterlogging induced oxidative stress

and antioxidant activity in pigeonpea genotypes.
Biologia Plantarum. 53(1): 75-84.
Kumutha, D.; Sairam, R.K. and Meena, R.C.
(2008). Role of root carbohydrate reserves and their
mobilization in imparting waterlogging tolerance in
green gram (Vigna radiata (L.) Wilczek) genotypes.
Indian Journal of Plant Physiology, 33: 735-744.
Mannan, M. A.; Karim, M. A.; Haque, M. M.;
Khaliq, Q. A.; Higuchi, H. and Nawata, E. (2013).
Response of soybean to salinity: II. Growth and yield
of some selected genotypes. Tropical Agriculture and
Development, 57(1): 31- 40.
Misra, N. and Dwivedi, U.N. (2004). Genotypic
difference in salinity tolerance of green gram
cultivars. Plant Science, 166: 1135-1142.
Munns, R. (2002). Comparative physiology of salt
and water stress. Plant Cell and Environment, 25:
239-250.
Nashar, W.Y.E. (2013). The combined effect of
water-logging and salinity on crops yield IOSR
Journal of Agriculture and Veterinary Science
(IOSR-JAVS)
Orchard, P.W. and Jessop, R.S. (1984). The
response of sorghum and sunflower to short term
waterlogging. I. Effects of stage of development and
duration of waterlogging on growth and yield. Plant
and Soil, 81: 119-132.
Setter, T.L. and Waters, I. (2003). Review of
prospects for germplasm improvement for
waterlogging tolerance in wheat, barley and oats.
Plant and Soil., 253: 1-34.
Setter, T.L.; Waters, I.; Sharma, S.K.; Singh,
K.N.; Kulshreshtha, N.; Yaduvanshi, N.P.S.;
Ram, P.C.; Singh, B.N.; Rane, J.; McDonald, G.;
Khabaz-Saberi, H.; Biddulph, T.B.; Wilson, R.;
Barclay, I.; McLean, R. and Cakir, M. (2009).
Review of wheat improvement for waterlogging
tolerance in Australia and India, the importance of
anaerobiosis and element toxicities associated with
different soils. Annals of Botany, 103: 221-235.
Smedema, L.K.. and Shiati, K. (2002). Irrigation
and salinity, a perspective review of the salinity
hazards of irrigation development in the arid
zone. Irrigation and Drainage Systems, 16: 161-174.
Tavakkoli, E.; Rengasamy, P. and McDonald,
G.K. (2010). High concentrations of Na+ and Cl- ions
in soil solution have simultaneous detrimental effects
on growth of faba bean under salinity stress. Journal
of Experimental Botany, 61: 4449-4459.
Vania, M.G.; Tiago, P.; Emanuela, G.M.; Tiago,
Z.A. and Francisco, A.V. (2015). Effect of soil
waterlogging stress on the physiological performance
of seeds and on the productivity of rye plants.
Agrociencia Uruguay, 19(1): 41-47.

130

SAVITA DUHAN, SUNITA SHEOKAND, ANITA KUMARI, SUMANBALA, NIDHI SHARMA
AND POONAM KUMARI

Zeng, F.; Shabala, L.; Zhou, M.; Zhang, G. and
Shabala, S. (2013). Barley responses to combined
waterlogging and salinity stress, separating effects of

oxygen deprivation and elemental toxicity. Frontier
in Plant Science, 4: 1-13.

RESEARCH ARTICLE

EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON NUTRIENT
CONTENT AND YIELD OF WHEAT UNDER RICE-WHEAT CROPPING SYSTEM
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Abstract : A field experiment was conducted during rabi 2013-14 and 2014-15 to assess the effect of combined application
of fertilizer, manure and biofertilizer on yield and nutrient content in wheat. The results revealed that the treatments
significantly affected grain and straw yields, as well as grain protein content. The highest values of previous traits were
obtained from treatment T10 (100 % NPK + S40+ Zn5 + Fe10 + FYM + BGA). Also, this treatment gave the maximum grain
yield, nutrient protein content compared with the other treatments. Thus the integrated plant nutrient supply system
improved the crop yield and produce quality grain as well as improve soil fertility and environment pollution.
Keywords: IPNM, Manure, Biofertilizer, Grain quality, Nutrient management

INTRODUCTION

MATERIAL AND METHOD

T

The field experiment was conducted during rabi
2013-14 and 2014-15 at Crop Research Farm
Nawabganj of department of soil science, Chandra
Shekhar Azad University of Agriculture and
Technology, Kanpur. The soil of the experimental
site is sandy-loam with a pH value of 7.80, 0.40 EC
(dSm-1), 0.39% organic matter content and the
available N, P, K and S 165, 6, 191, 9.9 kg ha-1
respectively with a value of 0.54, 4.7 ppm available
Zn and Fe respectively. The experiment was carried
out in a randomized Block Design to test the 11
treatments with 3 replications. The treatments were
T1 =control (no fertilizer), T2 = 100 % NPK (RDF),
T3 =100 % NPK + FYM, T4 = 100 % NPK + BGA,
T5 = 100 % NPK + FYM + BGA, T6 =100 % NPK
+ S40 , T7 = 100 % NPK + Zn5, T8 = 100 % NPK +
S40 + Zn5, T9 = 100 % NPK + S40+ Zn5 + Fe10, T10
=100 % NPK + S40+ Zn5 + Fe10 + FYM + BGA, T11
=125 % NPK.
Wheat, seed of variety ‘PBW-343’ were sown @ 100
kg seed ha-1 behind plough in furrows 20 cm. apart
followed by planking. Whole of phosphorus and
potassium were applied basally before sowing in all
treatments. Nitrogen fertilizer was applied in three
equal doses; the first, during soil preparation, and the
second and third at tillering and panicle emergence
stages respectively. The other cultural practices were
carried out as recommended for the crop. The plant
samples were collected at harvest, oven dried at 70
°C, processed and analyzed for N, P K, S, Zn and Fe
following standard procedures. The grain and straw
yield of rice were recorded and nutrient content were
analysed from each treatment.. N content of grain
and straw were estimated by Jackson (1967), P and K
determined by (Chapman and Pratt 1961), S by

he rice–wheat cropping system is very critical
for food security in South Asia, occupies
approximately 13.5 Mha of land, extending across
Indo-Gangetic Plains covering Pakistan (2.2 Mha),
India (10.5 Mha), Bangladesh (0.8 Mha) and Nepal
(0.5 Mha) and plays an important role in providing
livelihood to millions of people. In India, it is the
most important cropping system and stands first in
coverage. Wheat is one of the most important cereal
crops in the world and it has the widest distribution
among cereal crops. The crop is primarily grown for
its grain, which is consumed as human food.
Sustainable agricultural productivity might be
achieved through a wise use of integrated nutrient
management. It enhanced plant growth, water, and
soil and land management The use of organic soil
amendments has been associated with desirable soil
properties including higher plant available water
holding capacity and cation exchange capacity and
lower bulk density, and can foster beneficial
microorganisms. Organic fertilization was found to
be favorable for enhancing growth and productivity
of wheat. Application of Farm yard Manure helps to
increase the DMP, yield and nutrient uptake by
wheat. Also, the application of organic fertilizer
increased grain protein content. The combination of
mineral fertilizers, with organic fertilizer, helped in
increasing the grain yield of wheat and implied a
saving of 50% cost, compared to a system with only
mineral fertilization Essam A. Abd El-Lattief (2014).
The present work was carried out to study Effect of
Integrated nutrient management on nutrient content
and yield of wheat under rice-wheat cropping
system.
*Corresponding Author
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turbidimetric method (Chesnin and Yien 1951) , Zn
and Fe by determined using AAS as described by
Lindsay and Norvell (1978).
RESULT AND DISCUSSION
Grain and straw yield (q/ha)
Data on grain and straw yield are presented in table
1. The grain yield of wheat varied from 30.40 to
53.80 q ha-1 and 31.00 to 54.20 q ha-1during first and
second year, respectively. All the treatments were
significantly superior to control during the both the
years of study. The data clearly indicate that all the
treatments are significantly superior to control. The
highest grain yield 53.8. and 54.20 qha-1 respectively
during both the years were recorded under the
treatment T10 (NPK + S40+ Zn5 + Fe10 + FYM +
BGA). The treatment T11 (125 % NPK) received the
second position 48.0 and 49.20 qha-1 after the T10
(NPK + S40+ Zn5 + Fe10 + FYM + BGA) in terms of
grain yield in first and second year respectively. The
treatment T1 (control) were recorded the lowest grain
yield 30.40 and 31.00 qha-1 respectively during both
the years.
The increased grain yield might be due to balance
supply of macro and micro nutrient. Addition of
FYM, besides its nutritional role might be
instrumental in improving the physio chemical
properties of soil specially the moisture retention
aggregate formation, soil aeration and enhanced
microbial activity. Since the soil under study here
low in organic carbon. FYM and BGA might stand
as safe guard to the situation. Addition of sulphur
and micro nutrients like zinc and iron might have
balancing effect besides there important role in
metabolic function of plant.
The similar trends were observed in both grain and
straw yield during both the years. The straw yield
varied from 45.60-80.70 q ha-1 and 46.50-83.10 q ha1
during first and second year, respectively. All the
treatments were significantly superior to control.
Addition of FYM and BGA to 100% NPK (RDF) did
not cause any significant increase in yield however
FYM+BGA, combination gave highly significant and
positive results over 100%NPK (RDF). The Best
treatment showed two times higher straw yield than
control. Addition of S40+Zn5+Fe10 also resulted in a
significant increase in straw yield over 100% NPK
(RDF) during first year, however during second year
it was not significant. The results were highly
significant in case of 100% NPK (RDF)
+S40+Zn5+Fe10+FYM+BGA over 100% NPK (RDF)
and magnitude of increase was of about 24.00%. The
result of this study for corroborated with the findings
of Rathor et al.(1995), Jana and Ghosh (1996).
Nutrient content in wheat grain
NPK content in grain
The data for nitrogen, phosphorus and potash content
in grain of wheat is given in Table number 2.The N
content of wheat grain varied from 1.92 to 2.12 %

and 1.98 to 2.14 % during first and second year,
respectively. The treatment combination T10 (100 %
NPK + S40+ Zn5 + Fe10 + FYM + BGA) gave the
maximum nitrogen content in wheat grain. The
nitrogen content increases with increase doses of
nitrogen containing fertilizer and also by organic and
Bio-fertilizers. All the treatments are the significantly
superior in comparison to control during first and
second year.
The phosphorus content of wheat grain varied from
0.29 to 0.32 % and 0.30to 0.35 % during first and
second year, respectively. The trends of variation
similar as case of N content in both the years of
experimentation like other parameters the treatment
T10 (100 % NPK + S40+ Zn5 + Fe10 + FYM + BGA)
gave maximum phosphorous content in wheat grain.
The data of the table is clearly indicated that the
FYM and the BGA containing treatment enhance the
availability of the phosphorous.
The potassium content ranges from 0.19 to 0.30 %
and 0.20 to 0.31 % during first and second year,
respectively. Like Nitrogen and Phosphorous the
treatment T10 (100 % NPK + S40+ Zn5 + Fe10 + FYM
+ BGA) found best among all the treatments in terms
of potassium content in wheat grain. All the
treatments are significantly superior in comparison to
control. The trends of variation in different
treatments are more or less similar as nitrogen and
phosphorous. The result of present study are conform
with Yaduvanshi(2000), Bajpai et al. (2006), Reddy
et al. (2010, Thakur et al. (2004).
S, Zn and Fe content in grain
The relevant data for both the years of
experimentation are given in Table 3. The sulphur
content ranges from 0.10 to 0.22 % and 0.11 to 0.23
% during first and second year, respectively. Like
Nitrogen and Phosphorous the treatment T 10 (100 %
NPK + S40+ Zn5 + Fe10 + FYM + BGA) found best
among all the treatments in terms of Sulphur content
in wheat grain .All the treatments are significantly
superior in comparison to control. The trends of
variation in different treatments are more or less
similar as nitrogen and phosphorous.
The zinc content ranges from 14.00 to 25.00 ppm and
15.00 to 25.20 ppm during first and second year,
respectively. The zinc content treatments gave more
zinc content to wheat grain in comparison to nonzinc containing treatments. The sulphur and FYM
also releases the status of available zinc in soil.
About 10 ppm zinc content increased due to the
addition of different treatments. About 1.00ppm
content of zinc increased in wheat grain from first
year to second year. All the treatments are
significantly superior to T1 control. The increased in
zinc content in first year to second year is due to the
residual status of zinc in soil.
The iron content of Wheat grain varied from 51.0084.00 ppm and 50.20– 80.00 ppm in first and second
year, respectively. The Fe containing treatment gave
more Fe content in Wheat grain and straw. All the
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treatments were significantly superior in compare to
control. The Wheat grain in Fe content in grain was
estimated highest under treatment T 10 (100 % NPK +
S40+ Zn5 + Fe10 + FYM + BGA) during both years.
Control treatments recorded significantly minimum
Fe content followed by 125 % NPK application. The
treatment combination T11 (125 % NPK) also gave
the sufficient quantity of iron during first and second
year of experimentation. This treatment gave
marginal less value in comparison to T 10 (100 %
NPK + S40+ Zn5 + Fe10 + FYM + BGA).
Nutrient content in wheat straw
N, P and K content in wheat straw
The relevant data for both the years of
experimentation are given in Table 3. The nitrogen
content ranges from 0.40to 0.52 % and 0.42 to 0.53
% during first and second year, respectively. The
treatment combination T10 (100 % NPK + S40+ Zn5 +
Fe10 + FYM + BGA) gave the maximum nitrogen
content in wheat straw. The nitrogen content
increases with increase dose of nitrogen containing
fertilizer and also by organic and Bio-fertilizers. All
the treatments are the significantly superior in
comparison to control during first and second year.
The treatment combination T 10 (100 % NPK + S40+
Zn5 + Fe10 + FYM + BGA) gave the maximum
nitrogen content in both the years closely followed
by 125% NPK. About 0.10 % increase in nitrogen
content due to the addition of manures, fertilizers and
bio-fertilizers.
The phosphorus content ranges from 0.10 to 0.17 %
and 011.to 0.17 % during first and second year,
respectively. The treatment T10 (100 % NPK + S40+
Zn5 + Fe10 + FYM + BGA) gave maximum
phosphorous content in wheat straw. The data of the
table is clearly indicated that the FYM and the BGA
containing treatment enhance the availability of the
phosphorous.
The Potassium content ranges from 1.72 to 2.18 %
and 1.74 to 2.20 % during first and second year,
respectively. Like Nitrogen and Phosphorous the
treatment T10 (100 % NPK + S40+ Zn5 + Fe10 + FYM
+ BGA) found best among all the treatments in terms
of potassium content in wheat straw. All the
treatments are significantly superior in comparison to
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control. The trends of variation in different
treatments are more or less similar as nitrogen and
phosphorous. The result conform with Mishra and
Sharma(1999) and Thakur et al. (2004).
The data related to the sulphur, zinc and iron content
in straw of wheat are presented in Table 4. The
sulphur content ranges from 0.12 to 0.18 % and 0.13
to 0.19 % during first and second year, respectively.
Like Nitrogen, Phosphorous and potassium the
treatment T10 (100 % NPK + S40+ Zn5 + Fe10 + FYM
+ BGA) found best among all the treatments in
terms of Sulphur content in wheat straw .All the
treatments are significantly superior in comparison to
control. The trends of variation in different
treatments are more or less similar as nitrogen,
phosphorous and potash.
The zinc content ranges from 10.40 to 19.00ppm and
10.80 to 19.40ppm during first and second year,
respectively. The zinc content treatments gave more
zinc content to wheat straw in comparison to nonzinc containing treatments. The sulphur and FYM
also releases the status of available zinc in soil.
About 10.00ppm zinc content increased due to the
addition of different treatments. All the treatments
are significantly superior to T 1 control. The increased
in zinc content in first year to second year is due to
the residual status of zinc in soil.
The iron content of Wheat straw varied from 96.00128.00 ppm and 94.00 – 125.00 ppm in first and
second year, respectively. The treatments are
significant in comparison to control treatment. The
Fecontent in straw was estimated highest under
treatment T10 (100 % NPK + S40+ Zn5 + Fe10 + FYM
+ BGA) during both years. Control treatments
recorded significantly minimum Fe content followed
by 125 % NPK application. The trends of variation
are more or less similar in case of both the year of
experimentation. The iron content plays significant
role to enhance the grain and strawyield and nutrient
content (NPK) in both the year of experimentation.
The isolated response of iron over sulphur and zinc
(T9 over T8 was not significant). The similar result
were found Singh and Nand Ram (2012), Titab Das
et al. (2012) and Gurpreet Singh et al. (2011).

Table 1. Effect of integrated use of nutrients on grain and straw yield of Wheat
Treatment

T1 Control
T2 100 % NPK (RDF)
T3 100 % NPK + FYM
T4 100 % NPK + BGA
T5 100 % NPK + FYM + BGA
T6 100 % NPK + S40
T7 100 % NPK + Zn5
T8 100 % NPK + S40 + Zn5
T9 100 % NPK + S40+ Zn5 + Fe10
T10 100 % NPK + S40+ Zn5 + Fe10 + FYM + BGA
T11 125 % NPK

Grain yield (q/ha)
2013-14
30.40
46.40
47.00
46.80
47.60
47.20
47.10
47.80
47.90
53.80
48.00

2014-15
31.00
47.20
47.80
47.40
48.00
47.60
47.30
48.20
48.30
54.20
49.20

Straw yield (q/ha)
2013-14
45.60
69.60
70.50
70.20
71.40
70.80
70.70
71.70
71.90
80.70
73.20

2014-15
46.50
70.80
71.70
71.10
72.00
71.40
71.00
72.30
72.50
81.30
73.80
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0.915
1.909

S.E. (d)
C.D. (P=0.05)

1.102
2.299

1.552
3.237

1.802
3.759

Table 2. Effect of Integrated nutrient management on nutrient content in wheat grain at maturity.
Treatments

T1 Control
T2 100 % NPK (RDF)
T3 100 % NPK + FYM
T4 100 % NPK + BGA
T5 100 % NPK + FYM + BGA
T6 100 % NPK + S40
T7 100 % NPK + Zn5
T8 100 % NPK + S40 + Zn5
T9 100 % NPK + S40+ Zn5 + Fe10
T10 100 % NPK + S40+ Zn5 +
Fe10 + FYM + BGA
T11 125 % NPK
S.E. (d)
C.D. (P=0.05)

Nitrogen
(%)

Phosphorous
(%)

Potassium
(%)

Sulphur
(% )

Zinc
(PPM)

Iron
(PPM)

201314

201415

201314

201314

201415

201314

201415

201314

201415

201415

201314

201415

1.92
1.94
2.04
2.02
2.06
2.02
2.04
2.08
2.09
2.12

1.98
2.00
2.05
2.04
2.08
2.04
2.06
2.10
2.12
2.14

0.29
0.31
0.33
0.30
0.34
0.31
0.31
0.31
0.31
0.32

0.30
0.31
0.34
0.33
0.34
0.31
0.31
0.31
0.31
0.35

0.19
0.22
0.24
0.23
0.25
0.26
0.27
0.28
0.28
0.30

0.20
0.24
0.26
0.25
0.26
0.27
0.27
0.28
0.29
0.31

0.10
0.14
0.15
0.15
0.16
0.17
0.17
0.18
0.19
0.22

0.11
0.16
0.17
0.16
0.18
0.18
0.17
0.18
0.19
0.23

14.00
16.00
17.00
16.00
18.00
19.00
20.00
21.00
22.00
25.00

15.00
17.00
18.00
17.00
19.00
19.00
21.00
22.00
22.00
25.20

51.00
56.00
59.00
61.00
64.00
67.00
69.00
74.00
80.00
84.00

50.20
54.00
57.00
59.00
63.00
66.00
68.00
72.00
78.00
80.00

1.96
0.032
0.065

2.08
0.031
0.068

0.31
0.027
0.056

0.31
0.003
0.005

0.24
0.016
0.034

0.26
0.018
0.038

0.17
0.010
0.021

0.18
0.012
0.024

18.00
1.019
2.127

19.00
1.041
2.172

78.00
1.199
2.503

76.00
0.964
2.012

Table 3. Effect of Integrated nutrient management on nutrient content in wheat straw at maturity.
Treatments

T1 Control
T2 100 % NPK (RDF)
T3 100 % NPK + FYM
T4 100 % NPK + BGA
T5 100 % NPK + FYM + BGA
T6 100 % NPK + S40
T7 100 % NPK + Zn5
T8 100 % NPK + S40 + Zn5
T9 100 % NPK + S40+ Zn5 + Fe10
T10 100 % NPK + S40+ Zn5 +
Fe10 + FYM + BGA
T11 125 % NPK
S.E. (d)
C.D. (P=0.05)

Nitrogen
(%)

Phosphorous
(%)

Potassium
(%)

Sulphur
(% )

Zinc
(PPM)

Iron
(PPM)

201314

201415

201314

201314

201415

2013- 2014- 2013- 2014- 201414
15
14
15
15

201314

201415

0.40
0.43
0.45
0.44
0.46
0.45
0.47
0.48
0.49
0.52

0.42
0.44
0.46
0.45
0.47
0.47
0.48
0.49
0.50
0.53

2014
0.10
0.12
0.13
0.12
0.14
0.13
0.14
0.15
0.16

2015
0.11
0.12
0.12
0.11
0.14
0.13
0.14
0.14
0.15

1.72
1.90
1.92
1.91
1.98
1.94
1.96
1.98
2.10
2.18

1.74
1.92
1.94
1.93
2.00
1.96
1.98
2.04
2.12
2.20

0.12
0.13
0.13
0.12
0.14
0.16
0.16
0.17
0.16
0.18

0.13
0.14
0.14
0.13
0.15
0.17
0.17
0.17
0.16
0.19

10.40
12.80
13.00
13.20
13.80
14.00
16.00
17.00
17.20
19.00

10.80
13.00
14.40
13.80
14.00
14.40
17.00
18.00
18.00
19.40

96.00
99.00
103.00
105.00
116.00
112.00
113.00
118.00
123.00
128.00

94.00
98.00
101.00
103.00
108.00
110.00
111.00
113.00
120.00
125.00

0.57
0.016
0.034

0.48
0.015
0.032

0.17
0.13
0.010

0.17
0.12
0.012

1.98
0.075
0.157

2.00
0.038
0.078

0.14
0.010
0.021

0.15
0.008
0.017

13.40
0.593
1.237

14.60
0.471
0.983

114.00 110.00
6.458 5.132
13.476 10.708

CONCLUSION
It was concluded that balancing of above NPK
(RDF) with above components increased the wheat
yield and nutrient content over RDF. The highest
yield and nutrient content were recorded under the
treatment T10 (100 % NPK + S40+ Zn5 + Fe10 +
FYM + BGA). Therefore the IPNM practice might
be suggested to farmers for high sustainable yield
and quality under rice-wheat system.
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Absract: Heavy metals contamination in plants due to air pollution is one of the major issues to be faced throughout the
world and requires attention because heavy metals above their normal ranges are extremely threatened to both plant and
animal life. Now a day’s increase in vehicular traffic on highways is a major threat to air quality as the pollution released
from vehicles consisting high concentrations of heavy metals which seriously affects the nearby vegetation. As
biomonitoring with plants is low-cost and valuable method for knowing the effect of different air and environment pollutants
so the present study was carried to estimate levels of heavy metals in dust accumulated on leaves of selected plant species
from Parwanoo to Solan on National Highway-22 falling in Solan district of Himachal Pradesh. The four species namely
Grewia optiva, Toona ciliata, Melia azedarach and Woodfordia floribunda of uniform size, age, spread and common in
occurrence on both sides of the highway were selected for the study. Concentrations of heavy metals (As, Cd, Cr, Cu, Mn,
Ni, Pb and Zn) were estimate in dust accumulated on leaves of selected plants and compare them with their normal
permissible limit prescribed for soil. The dust accumulated on leaves had heavy metals, Cu (29.15 mg kg-1) and Zn (1219.92
mg kg-1) above permissible limit of the soil. The study provided a reliable method for screening heavy metals concentration
in dust deposited on leaves of plants nearby roads where the air-shed is contaminated by a variety of pollutants due to
vehicular emissions.
Keywords: National highway-22, Leaf dust, Heavy Metals, Solan

INTRODUCTION

A

ir pollution has become one of the major
problems around the globe. It is the introduction
of chemicals, particulate matter or biological
materials in to the atmosphere by human activities
that cause harm or discomfort to humans or other
living organism or damage the environment. Rapid
development of human civilization, industrialization
along with the expansion of cities, increasing
demand of energy and rapid economic development
resulted in the increased number of automobiles and
recognized as the major source of air pollution (Oliva
et al., 2010). It is known fact that 60 % of air
pollution is caused by automobiles only (Gaikwad et
al., 2004).
Plants have ability to remove air pollutants, collect
heavy metals from air (Lin et al., 1976) and act as a
sink (Sunita et al., 1997, Dwivedi et al., 2007 and
Tripathi et al., 2007) to minimize air pollution by
absorption,
adsorption,
accumulation
and
metabolization without sustaining serious foliar
damage or decline in growth and ultimately improve
the air quality by providing oxygen to the
atmosphere (Beckett et al., 1998 and Sharma et al.,
1994). The interactions between plant and different
types of pollutants and the influence of
environmental pollution on physiological and
ultrastructural aspects were investigated by various
researchers (Heumann et al., 2002 and Velikova et
al., 2000). Lots of work has been done to study the
response of traffic load on plants (Angold, 1997).
Heavy metal concentrations in roadside dust are

increasingly becoming a problem for the trees
growing alongside the road and have posed a threat
to the human and animal life as they transported with
gases and aerosols on long distances (Nriagu et al.,
1988 and Pacyna et al., 1988). Heavy metals are
considered toxic to living organisms and even trace
metal considered essential for life can be toxic when
present at excessive level, that impair important
biochemical processes and pose a threat to human
health, plant growth and animal life (Morrison et al.,
1990). These metals accumulate in street dust and in
the leaves of roadside plants through atmospheric
deposition involving sedimentation, impaction and
interception. Consequently, in recent years, public
and scientists attention has increasingly focused on
heavy metal contamination as monitoring of certain
heavy metals was important for safety assessment of
the environment. In the urban and roadside
environment, such pollutants are commonly found in
the dust which can be potentially harmful to roadside
vegetation, wildlife and neighbouring human
settlements. So the present monitoring work was
undertaken to determine the heavy metals (As, Cd,
Cr, Cu, Mn, Ni, Pb and Zn) concentration in dust
accumulated on leaves of selected plant species and
compare them with their permissible limits
prescribed for soil.
MATERIAL AND METHOD
Study area
The entire study area extended from Parwanoo to
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Solan, geographically located in Solan district which
lies between 30°44’53” and 31°22’01” N and
between 76°36’10” and 77°15’14”E. The total
distance of National Highway between Parwanoo
and Solan is 41 km (Fig.1). The National Highway
on the way to Shimla, a famous tourist place is
subjected to heavy traffic load. Besides, district being
an education hub and gateway to horticulture
produce outside the state highway is subjected to
continuous heavy traffic load. The climate of the
district is sub-tropical in the valley and tends to be
temperate in the hilltops. Average annual rainfall in
the district is about 1100 mm with average of 64
rainy days and Mean maximum and minimum
temperature ranges between 34°C and 4°C. The
Parwanoo- Solan national highway falling in Solan
district of Himachal Pradesh is on the hilly terrain
having loose strata and generally moderately to
steeply sloped with number of curves with altitude
ranging from 350 to 1800 meter above mean sea
level.
Study method
Dust samples from leaves to determine heavy metal
concentration were collected by randomly selecting
twenty one plants of each selected species
(Woodfordia floribunda, Toona ciliata, Melia
azedarach and Grewia optiva) growing alongside the
Parwanoo- Solan National Highway 22 at a distance
of 0-10 m. The samples were replicated thrice and
each replication consisting of seven plants. The
plants selected for study were uniform with respect
to their diameter at breast height (1.37m), crown
spread and were common in their occurrence on both
sides of the highway. The relevant characteristic of
these plants are shown in Table 1. To analyze the
heavy metals in the dust 0.5 g of sample was digested
with concentrated HNO3, H2SO4 and H2O2 in the
ratio of 2:6:6 as per procedure prescribed by (Saison
et al., 2004). The concentration of heavy metals (mg
kg-1) was estimated by using ICP Spectrometer
(Model- iCAP 6300 duo) of thermo scientific make.

RESULT AND DISCUSSION
The vegetation nearby national highway is exposed
to dust pollution and chronic concentration of
gaseous pollutants, which may affect the biochemical
make up, and tolerance capability of plants to the air
pollution. The data pertaining to heavy metals in dust
collected from the leaves is presented in table 2. The
concentration for As ranged from 0.33 to 0.93 mg kg1
with a average value of 0.66 ± 0.05mg kg-1, for Cd
from 0.79 to 0.99 mg kg-1 with average value of 0.89
± 0.02 mg kg-1, for Cr from 23.61 to 44.11 mg kg-1
with average value of 32.35 ± 2.20 mg kg-1, for Cu
from 23.04 to 36.78 mg kg-1 with average value of
29.15 ± 1.46 mg kg-1, for Mn from 194.80 to 302.60
mg kg-1 with average value of 248.39 ± 12.91 mg
kg-1, for Ni from 21.50 to 12.67 mg kg-1 with average
value of 17.18 ± 1.04 mg kg-1, for Pb from 26.66 to
41.89 mg kg-1 with average value of 36.02 ± 1.79 mg
kg-1 and for Zn from 1101.00 to 1394.00 mg kg-1
with average value of 1219.92 ± 30.33 mg kg-1 in
dust collected from the leaves of plants alongside the
road.
The concentration of Cu (29.15 mg kg-1) and Zn
(1219.92 mg kg-1) in dust accumulated on leaves of
selected plant species was above the normal
permissible limit prescribed for soil. These results
were supported by the findings of Allaway (1990),
Pendias and Pendias (1992) who reported that the
normal permissible limit of Cu was 2 to 25 mg kg-1
and for Zn 1 to 900 mg kg-1 in normal soil. The
vehicular emission, road paint degradation, vehicle
wears be the reason for increased concentration of
Cu and Zn above their permissible limits in soil.
These results are also supported by Al-Khashman
(2004) who revealed that dust is typically derived
from anthropogenic sources via the interaction of
natural solid, liquid or gaseous materials with
pollutant sources such as water transported material
from surrounding soils and slopes, dry and wet
atmospheric deposition, biological inputs, road
surface wear, road paint degradation, vehicle wear
(tyres, body, brake lining, etc.) and vehicular fluid
and particulate emissions and emissions and
discharge from metal processing industries.

Table 1. Characteristics of selected plants at study site
Name of Plant

Family

Woodfordia
floribunda

Lythraceae

Toona ciliata

Meliaceae

Melia azedarach

Meliaceae

Grewia optiva

Tiliaceae

Common
name
Dhatki,
Dhawai
Toon, Indian
mahogany
Drek,
Bead tree
Dhaman, Biul

Habit

Leaf shape

Average Plant
height approx.
(m)

Shrub

Elliptical

3

Tree
Tree
Tree

Elliptical
(Leaflet-Imparipinnate)
Elliptical
(Leaflet-Tripinnate)
Ovate

25
18
12
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Table 2. Heavy metals concentration (mg kg-1) in leaf deposited dust
Heavy metals

Range

Mean ± SD

Coefficient of variation

As

0.33 - 0.93

0.66 ± 0.05

30.64

Cd

0.79 - 0.99

0.89 ± 0.02

8.08

Cr

23.61 - 44.11

32.35 ± 2.20

23.58

Cu

23.04 - 36.78

29.15 ± 1.46

17.36

Mn

194.80 - 302.60

248.39 ± 12.91

12.91

Ni

12.67 - 21.50

17.18 ± 1.04

21.15

Pb

26.66 - 41.89

36.02 ± 1.79

17.21

Zn

1101.00 - 1394.00

1219.92 ± 30.33

8.61

Figure 1. Map showing the study area
CONCLUSION
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Abstract: Fifteen genotypes of chilli were evaluated in RBD with three replications was conducted at Vegetable Research
Farm, Department of Horticulture, Allahabad School of Agriculture Sam Higginbottom Institute of Agriculture, Technology
and Sciences (Deemed to-be-University), Allahabad during the Rabi season of 2014-2015 to study the selection parameters
of chilli genotypes for yield and related traits. Altogether fifteen genotypes of chilli laid out in Randomized Block Design
(RBD) with three replication. All these fifteen chilli genotypes showed significant variation in characters viz., average fruit
weight (g), number of seeds per fruits , weight of Seeds /fruits (mg), number of fruits /plant, Fruit yield per plant (g), yield
per hectare (q), yield of dry green chilli (q ha-1), fruit set percent, estimation of ascorbic acid (mg/100g), estimation of
capsaicin (°Brix). The mean of the different traits for 15 genotypes of Chilli (Capsicum annum L.) with three replications
treatment details viz. LCA-334(C), KA-2(C), 12CHIV AR-1, 12CHIV AR-2, 12CHIV AR-3, 12CHIV AR-4, 12CHIV AR5, 12CHIV AR-6, 12CHIV AR-8, IIHR- 2006, ACS- 08-09, HC- 50, KASHI ANMOL, HC- 68 and G4 (Local) were tried in
Randomized Block Design (RBD). On the basis of fifteen genotypes studied, for different characters genotype KA-2(C)
(22.01q) was found superior in terms of fruit yield per hectare followed by 12CHIV AR-2 (17.72q) and LCA-334(C)
(13.37q). The genotype 12 CHIV AR-5 recorded significantly for average fruit weight (4.65 (g)) and Weight of Seeds/fruits
(mg) (249.08). However, the genotype 12CHIV AR-4 showed the maximum number of seeds per fruits (46.22). The highest
Number of fruits/plant was noticed in genotype 12CHIV AR-8 (116.03) and maximum yield per hectare (q) recorded in
genotype KA-2(C) (621.98 q) while, maximum ascorbic acid content (mg/100g) was noticed in genotype 12 CHIVAR-6 and
highest capsaicin (°Brix) content was observed in LCA-334(C).
Keywords: Chilli (Capsicum annuum L.), Evaluation, Genotypes, Yield

INTRODUCTION

P

ungent peppers, commonly known as chilli
(Capsicum annuum L.), is one of the world’s
major vegetable and spice crop and it occupied
fourth position as a spice crop. India is the world
leader in chilli production followed by China and
Pakistan (Anon., 2004). Indian chillies are
considered to be world famous for its colour and
pungency. Globally, 1776 thousand ha land is
estimated to be under cultivation of chillies
producing around 7182 thousand tons. Chilli is the
third important crop of the family Solanaceae after
tomato and potato. The production is seasonal due to
lack of appropriate cultivars and techniques. Early
summer to early rainy season is the lean period of
production. Prevailing high temperature, blowing of
hot wind and shortage of soil moisture during early
summer, and high temperature and excessive
moisture during rainy summer are the major factors
limiting its cultivation during summer and rainy
months. Such condition induces the abscission of
flower buds, flowers and young fruits which is the
most important factors limiting the production of
chilli (AVRDC, 1986). Around 30 % of the area
shared among major spice crops of the country is
occupied by chilli (Indian Horticulture Database
2011). Though chillies are grown all over India,
North Eastern (NE) states contribute 51.72 % of its

annual production while having only 8 % area under
chilli cultivation (Spice Statistics, Spice Board
2004).
Chilli is believed to have been introduced to India by
Portuguese explorers (Basu and De 2003) and to
north eastern India by Christian missionaries
(Dhaliwal 2007). It is also used as medicinal herb
and ornamental plants in different parts of world. It is
an important constituent of many food adding.
However, colour, vitamin and pungency and
therefore indispensible to the United States and
World food Industries (Green leaf 1986). A wide
variability in chilli fruit morphology, pungency,
bearing habit and crop duration is found throughout
India (Asati and Yadav 2004). The principal
environmental factor for the abscission is the extreme
temperatures i.e. too low or high (Cochran, 1936;
Rylski and Spigelman, 1982; Olarewaju, 1989;
Erickson and Markhart, 2001). Studies on chilli
genotypes revealed that great variation exists in
ability to flowering, fruit set, yield and other
qualitative attributes under different agro-climates
(Wien et al., 1989; Rani, 1996; Gupta, 2003).
Pungency in chilli is due to capsaicin and its
analogues, collectively called capsaicinoids (Thresh
1876). It is therefore indispensable to the world food
and industries. India has 25 per cent share in the total
quantity of hot pepper exported in the world. Major
hot pepper growing states are Andhra Pradesh,
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Maharashtra, Karnataka, Orissa, Tamil Nadu and
Madhya Pradesh. These account for nearly 80 per
cent of the total hectare and production. The
production and consumption of chilli in North
eastern region of India has immense potential
considering its congenial agro-climatic conditions.
The fruits are, therefore, available in the market
throughout the year. Recent trend in vegetable
cultivation is by using improved or hybrid cultivars
to get more yield and/or quality. But insufficient
availability of seed of the improved or hybrid
varieties is an important constraint of cultivation.
However, different well-known local cultivars are
grown by the farmers of these areas.
MATERIAL AND METHOD
The present research was carried out in the Vegetable
Research Farm, Department of Horticulture,
Allahabad School of Agriculture, Sam Higginbottom
Institute of Agriculture, Technology and Sciences,
Allahabad (Uttar Pradesh) during 2014-2015. Which
is situated at an elevation of 78 meters above sea
level at 25.87 degree North latitude and 81.15 degree
E longitude. This region has a sub-tropical climate
prevailing in the south-east part of U.P. with both the
extremes in temperature, i.e. the winter and the
summer. In cold winters, the temperature sometimes
is as low as 32°F in December – January and very
hot summer with temperature reaching up to 115°F
in the months of May and June. During winter, frosts
and during summer, hot scorching winds are also not
uncommon. The average rainfall is around 1013.4
(cm) with maximum concentration during July to
September months with occasional showers in
winters. The soil of field was sandy loam in texture,
poor in nitrogen, comparatively rich in phosphorus
and medium in potash with slightly alkaline reaction
with pH 7.2. The experimental material for the
present study was comprised of 15 genotypes of
chilli. The experiment was laid out in RBD with
three replications. The spacing between row to row
60.0 cm and plant to plant 45.0 cm was maintained
with plot of 2.1 × 2.25 m. About 20 t/ha. of well
decomposed cow-dung manure was mixed in the soil
at field preparation. Fertilizer was applied @ 120 kg
N, 80 kg P2O5 and 80 kg K2O per hectare.
The standard cultural operations were adopted
whenever needed. to ensure good crop The
observations were recorded on five randomly
selected plants of each genotype are already tagged
as mark for average fruit weight, Number of seeds
per fruits , Weight of Seeds/fruits, Number of
fruits/plant, Fruit yield per plant, Yield per hectare,
Yield of dry green chilli, fruit set percent, Estimation
of ascorbic acid, Estimation of capsaicin. For
qualitative analysis matured green and ripe fruits
were taken from those plants for ascorbic acid and
capsaicin content respectively. Ascorbic acid content
was determined by the method as described by

Jagota and Dani (1982). The data were analysed
statistically as per Fisher’s Analysis of Variance
Technique as described by Gomez and Gomez
(1984).
RESULT AND DISCUSSION
Mean performance of all fifteen genotypes for all
traits and fifteen chilli genotypes are presented in
Table 1. The analysis of variance revealed significant
differences among the genotypes for the ten traits
studied, indicating the validity of further statistical
analysis. The pertinent data on mean performance of
genotypes are detailed in Table 1.
Average fruit weight (g)
The maximum fruit weight was observed in
genotypes 12CHIV AR-5 (4.67) followed by KASHI
ANMOL (4.42) and 12CHIV AR-4 (3.86) whereas
minimum fruit weight was found in genotype
12CHIV AR-1 (2.15) followed by HC- 50 (2.23) and
HC- 68 (2.41) with an average mean of 3.03.
Number of seeds per fruits
The maximum number of seeds per fruits was
noticed in genotypes 12CHIV AR-4 (46.22) followed
by G4 (Local) (42.51) and KASHI ANMOL (42.28)
whereas number of seeds per fruits was observed in
minimum 12CHIV AR-5 (23.05) genotypes followed
by 12CHIV AR-8 (23.54) and ACS- 08-09 (23.94)
with an average mean of 32.51.
Weight of Seeds /fruits (mg)
The maximum weight of seeds per fruits was found
in genotypes 12CHIV AR-5 (249.08) followed by
KA-2(C) (202.56) and KASHI ANMOL (202.24)
and the minimum weight of seeds per fruits was
showed in genotypes 12CHIV AR-1 (76.95)
followed by 12CHIV AR-4 (92.54) and 12CHIV
AR-8 (105.46) with an average mean of 153.90.
Number of fruit per plant
The maximum number of fruits/plants was noted in
genotypes 12CHIV AR-8 (116.03) followed by
12CHIV AR-3 (94.77) and 12CHIV AR-4 (86.84)
and the minimum no. of fruit per plants was showed
in genotypes 12CHIV AR-6 (54.45) followed by HC68 (58.43) and LCA-334(C) (58.43) with an average
mean of 75.95.
Fruit yield per plant (g)
The maximum yield per plant was noticed in
genotypes KA-2(C) (621.98) followed by 12CHIV
AR-2 (508.11), LCA-334(C) (397.23) and 12CHIV
AR-3 (382.44) and whereas minimum yield/plant
was observed in genotypes 12CHIV AR-1 (85.52)
followed by 12CHIV AR-6 (128.66) and HC- 68
(137.67) with an average mean of 294.72.
Yield / ha (q)
The maximum yield per hectare was observed in
genotype KA-2(C) (22.01) followed by 12CHIV AR2 (17.72) and LCA-334(C) (13.37). The minimum
yield per hectare was observed in genotypes 12CHIV
AR-1 (3.99) followed by 12CHIV AR-6 (4.95) and
G4 (Local) (5.16) with an average mean of 9.70.
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Yield of dry green chilli (q ha-1)
The maximum yield of dry green chilli quantal per
hectare was observed in genotype KA-2(C) (1.51)
followed by 12CHIV AR-2 (1.21) and LCA-334(C)
(1.17). The minimum yield per hectare was observed
in genotypes 12CHIV AR-1 (0.38) followed by
12CHV AR-06 (0.45) and G4 (Local) (0.50) with an
average mean of 0.85.
Fruit set percent
The maximum fruit set percent was observed in
genotype 12CHIV AR-3 (31.28) followed by Kashi
Anmol (16.66) and 12CHIV AR-4 (15.02). The
minimum yield per hectare was observed in
genotypes 12CHIV AR-1 (2.48) followed by
12CHIV AR- 6 (5.45) and HC 50 (6.66) with an
average mean of 11.17.
Estimation of ascorbic acid (mg/100g)
The maximum vitamin C was observed in genotypes
12CHIV AR-6 (164.92) followed by 12CHIV AR-4
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(160.25) and 12CHIV AR-8 (157.42) and the
minimum vitamin ‘C’ was showed in genotype KA2(C) (121.81) followed by IIHR- 2006 (123.98) and
HC- 50 (127.14) mg/100g) with an average mean of
142.31.
Estimation of capsaicin (°Brix)
The maximum estimation of capsaicin (°Brix) was
observe in genotypes LCA-334(C) (0.61) followed
by 12CHIV AR-5 (0.59) and G4 (Local) (0.56) and
the minimum estimation of capsaicin was showed in
genotypes KA-2(C) (0.23) followed by 12CHIV AR2 (0.26) and HC- 68 (0.26) with an average mean of
0.42.
A wide range of variation was recorded for plant
height, weight of seeds per fruit, number of fruits per
plant, fruit yield per plant, Ascorbic acid, yield q per
ha which indicated that there is better scope for
selection for the improvement of these characters.

Table 1. Mean performance of different chilli genotypes various character
Character

S. No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Range

Genotypes
LCA-334(C)
KA-2(C)
12CHIV AR-1
12CHIV AR-2
12CHIV AR-3
12CHIV AR-4
12CHIV AR-5
12CHIV AR-6
12CHIV AR-8

Average
fruit
weight (g)

Weight
of Seeds
/fruits
(mg)

Number
of fruits
/plant

Fruit
yield per
plant (g)

Yield per
hectare (q)

Yield of
dry green
chilli (q
ha-1)

Fruit set
percent

Estimation
of ascorbic
acid
(mg/100g)

Estimation
of capsaicin
(°Brix)

3.05

35.95

132.17

58.43

397.23

13.37

1.17

9.33

147.06

0.61

3.51

38.43

202.56

72.20

621.98

22.01

1.51

14.00

121.81

0.23

76.95

73.97

2.48

135.10

0.35

508.11

17.72

1.21

10.68

144.63

0.26

2.15

35.12

85.52

3.99

0.38

2.46

24.37

151.43

82.73

2.91

25.41

145.10

94.77

382.44

13.34

1.15

31.28

138.47

0.29

3.86

46.22

92.54

86.84

299.07

10.29

1.15

15.02

160.25

0.38

6.67

132.82

0.59
0.53

4.67

23.05

249.08

79.51

321.15

11.42

1.10

2.84

24.17

136.12

54.45

128.66

4.95

0.45

5.45

164.92

2.45

23.54

105.46

116.03

1.08

12.66

157.42

0.45

164.72

324.01
293.00

11.04

80.97

7.33

123.98

0.51

181.38

68.63

156.00

0.49

IIHR- 2006

2.68

ACS- 08-09

2.72

HC- 50

Number
of seeds
per fruits

25.12
23.94

5.50

0.51

6.75

0.63

7.25

154.33

6.18

0.60

6.66

127.14

0.31

8.91

0.91

16.66

151.19

0.43

5.85

0.52

12.56

130.25

0.26

5.16

0.50

9.58

145.28

0.56

2.23

37.55

169.89

74.40

276.00

KASHI
ANMOL
HC- 68

4.42

42.28

202.24

65.63

112.63

58.43

237.67
137.67

G4 (Local)

3.10

42.51

186.27

72.20

252.33

Mean

3.03

32.51

153.90

75.95

294.72

9.70

0.85

11.17

142.31

0.42

2.41

39.98

S.E.

0.60

2.51

104.27

3.14

6.23

0.20

0.04

7.25

1.50

0.011

C.D. 5%

0.73

7.47

330.78

10.40

19.67

0.58

0.11

2.48

4.28

0.32

F test

S

S

S

S

S

S

S

S

S

S

Min

2.15

23.05

76.95

54.45

85.52

3.99

0.38

2.48

121.81

0.23

Max.

4.67

46.22

249.08

116.03

621.98

22.01

22.01

31.28

164.92

0.61
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Abstract: Field experiments were conducted during Kharif 2014 and 2015 at crop research centre, Sardar Vallabhbhai Patel
University of Agriculture & Technology, Meerut, U.P., India to evaluate the effect of various novel chemical insecticidal
treatments on natural enemies. Altogether, 11 treatments including 9 novel insecticides, viz. (T1) indoxacarb 14.5% SC @
500 ml, (T2) fipronil 5% SC @ 1000 ml, (T3) novaluron 10% EC @ 600 ml, (T4) cartap hydrochloride 50 % SP @ 1.0 Kg,
(T5) cartap hydrochloride 4 GR @ 18 Kg, (T6) spinosad 45 % SC @ 220 ml, (T7) flubendiamide 39.35 % SC @ 75 ml, (T8)
chlorantraniliprole 18.5 % SC @ 150 ml and (T9) chlorantraniliprole 0.4 % GR @ 10 Kg besides insecticidal check (T11)
chlorpyriphos 50% + cypermethrin 5% EC @ 1200 ml and (T11) untreated control. The results showed that the overall mean
population of Spiders was found to be more in the untreated check (2.33 and 3.24/hill) followed by chlorantraniliprole 0.4 %
GR (1.85 and 2.09/ hill) in the first and second foliar application. The overall mean population of predators was high in the
untreated check (1.94 and 2.90/ hill), followed by chlorantraniliprole 0.4 % GR (1.62 and 2.17/ hill) over the other
treatments.
Keywords: Basmati rice, Ecosystem, Insecticides, Uttar Pradesh

INTRODUCTION

METHOD AND MATERIAL

R

Research trial was conducted during Kharif 2014 and
2015 at CRC, Sardar Vallabhbhai Patel University of
Agriculture and Technology, Meerut (U.P.) India to
find out the effectiveness of novel insecticides. The
study was conducted with the basmati rice cultivar
Pusa 1121. Experiment was conducted in a
randomized block design with eleven treatments and
three replications and the plot size was 4.0 X 3.0 m.
Twenty five days old seedlings were transplanted
with inter and intra row spacing of 20 X 10 cm. All
the agronomic practices were followed as per the
recommendations. All the novel insecticides under
study were applied as foliar spray using knapsack
sprayer except controlled release formulation (CRF)
of chlorantraniliprole and cartap hydrocholoride
granules. The dose of insecticides expressed in terms
of ml or g per ha. The soluble insecticides were
applied after duly mixing with water (300 lit/ha and
500 lit/ha each corresponding to the respective
growth stage of the crop at the time of spraying) at
50 and 75 days after transplanting (DAT) with due
care taken for preventing insecticidal drift. Bunds
were formed around the treatment plot and the
granular insecticide chlorantraniliprole 0.4 GR and
cartap hydrocholoride 4G (CRF) were broadcasted
on standing crop after 50 and 75 days of
transplanting. In control plot, only water was used.
The population of predators i.e., spiders, coccinellids
and rove beetle was recorded at one day before first
spray and third, seven, fourteen and twenty one days
after first and second spray. The population (both

ice (Oryza sativa L.) an important cereal crop in
the world provides a staple food for nearly half
of the global population. Almost 90% of rice is
grown and consumed in Asia (Khush and Brar,
2002). Well over, 848 different types of natural
enemies such as Spiders, Mirid bugs, Coccinellids,
Damsel and Dragon flies and Water spiders etc., are
present in the rice eco-system to suppress the
harmful insect pests naturally, which is known as
natural biological control (Bhavani and Rao, 2005).
Oft, misapply of insecticidal applications are
common in rice eco-system. Several studies have
been conducted on the efficacy of insecticides
(Prasad et al., 2014; Chatterjee and Mondal, 2014;
Karthick, et. al., 2014).
Research on the effects of
insecticides against natural enemies is meagre.
Therefore an effort has been made in present
investigation to safety of novel insecticides to natural
enemies in basmati rice. In view of rich natural
enemy complex of the pests of rice, it is also
necessary to select relatively safer insecticides with a
view to conserve them. Therefore, it is imperative
that alternative insecticides be explored for managing
rice pests especially in basmati rice which has high
export value. The novel insecticides should be
effective in reducing the pest damage, cost effective,
biodegradable, and safer to natural enemies and other
non-target organisms.
*Corresponding Author

________________________________________________
Journal of Plant Development Sciences Vol. 9 (2) : 145-148. 2017

146

ROHIT RANA, GAJE SINGH AND S.S. DHAKA

mature and immature stages) of predator complex
was recorded separately from five randomly selected
hills in each plot. The total number of natural
enemies were counted and expressed as number per
hill.
Statistical analysis
The data, recorded during the course of investigation,
were analyzed with the help of computer software
“OPSTAT1” developed by O. P. Sheoren, CCS HAU
Hisar.
RESULT AND DISCUSSION
Spiders, Coccinelids and rove beetle are major
predator group recorded in the experimental field.
The result regarding the effect of novel insecticide on
natural enemies summarized in table 1-4.
The statistically analyzed pooled data of both the
year indicated that mean maximum spider population
was recorded from the untreated control 2.33/hill and
3.24/hill after first and second spray, respectively.
The overall picture regarding effect of various novel
insecticides on spider population showed that the
mean maximum spider population was recorded in
chlorantraniliprole 0.4 % GR 1.85 and 2.09/hills after
first and second spray and followed by
chlorantraniliprole 18.5 % SC with 1.65 and
1.91/hill, flubendiamide 39.35 % SC with 1.47 and
1.66/hill, spinosad 45 % SC with 1.32 and 1.47/hill,
fipronil 5 % SC 1.22 and 1.33/hill, indoxacarb 14.5
% SC with 0.98 and 1.19/hill, cartap hydrochloride 4
% GR with 0.88 and 1.03/hill, novaluron 10 EC with
0.75 and 0.88/hill and cartap hydrochloride 50 % SP
with 0.67 and 0.70/hill, respectively. Whereas, the
minimum spider population was recorded from
chlorpyriphos 50 % + cypermethrin 5 % EC treated
plots with 0.57 and 0.52/hill among all the treatments
after first and second spray, respectively. All the
treatments were found significantly differ from each

other (Table 1). The safety of chlorantraniliprole to
spider is in agreement with findings of Shanwei et
al., (2009). Similarly, Dhaka et al., (2011) also
reported cartap hydrochloride 4G safer for the
spiders. Mukherjee et al., (2011) reported that spider
population was not significantly affected by
indoxacarb. These findings are also in agreement
with present investigation.
The statistically analyzed pooled data regarding
effect of various novel insecticides on predators
(Coccinelids and Rove beetle) during kharif, 2014
and 2015 revealed that throughout the spray period
untreated control (1.94 and 2.90/hill) had high
predatory population. Results also showed that
among novel insecticides chlorantraniliprole 0.4 %
GR, (1.62 and 2.17/hill) and chlorantraniliprole 18.5
% SC (1.42 and 1.86/hill) consistently showed higher
predators population, while chlorpyriphos 50 % +
cypermethrin 5 % EC (0.41 and 0.66/hill) showed
low population. Pooled data of both the years also
revealed that novel insecticidal treatments viz.,
flubendiamide 39.35 % SC (1.29 and 1.70/hill),
spinosad 45 % SC (1.18 and 1.53/hill), fipronil 5 %
SC (1.03 and 1.35/hill), indoxacarb 14.5 % SC (0.92
and 1.22/hill), cartap hydrochloride 4 % GR (0.78
and 1.06/hill), novaluron 10 EC (0.63 and 0.96/hill)
and cartap hydrochloride 50 % SP (0.52 and
0.83/hill) were the next best treatments after first and
second spray, respectively.(Table 2). The results
obtained by Mishra, 2008; Shanwei et al., 2009 are
in support with present findings as they reported that
chlorantraniliprole was highly safer to natural
enemies in rice eco system. Similarly, Jafar et al.,
2013 also reported that Chlorantraniliprole,
indoxacarb were safer to natural enemies of rice
insect pests and Hall, 2007 and Chormule, 2014
reported that flubendiamide was moderately safe to
natural enemies.

Table 1. Pooled effect of different treatments on spider populations after first and second spray during kharif
2014 and 2015
Treatments

1 day
Before
spraying

After first spray Spider population/hills

After second spray Spider population/hills

3 DAS

7 DAS

14 DAS

21 DAS

Mean

3 DAS

7 DAS

14 DAS

21 DAS

Mean

T1

1.27(1.50*)a

0.77(1.32)e

0.80(1.34)e

1.07(1.44)e

1.30(1.52)e

0.98

1.10(1.45*)c

1.17(1.47)e

1.57(1.60)e

1.30(1.52)e

1.19

T2

1.17(1.47)a

0.84(1.35)f

0.93(1.39)f

1.30(1.52)f

1.43(1.56)f

1.12

1.23(1.50)c

1.33(1.53)f

1.70(1.64)f

1.50(1.58)f

1.33

T3

1.30(1.52)a

0.54(1.23)c

0.64(1.28)c

0.83(1.36)c

1.00(1.41)c

0.75

0.80(1.34)b

0.90(1.38)c

1.10(1.45)c

0.97(1.40)c

0.88

T4

0.94(1.39)a

0.47(1.21)b

0.57(1.25)b

0.73(1.32)b

0.90(1.38)b

0.67

0.63(1.28)b

0.77(1.33)b

0.83(1.36)b

0.73(1.32)b

0.7

T5

1.40(1.55)a

0.70(1.30)d

0.70(1.30)d

0.94(1.39)d

1.17(1.47)d

0.88

0.90(1.38)bc

1.03(1.42)d

1.37(1.54)d

1.13(1.46)d

1.03

T6

1.40(1.55)a

0.90(1.37)g

1.20(1.48)g

1.47(1.57)g

1.70(1.64)g

1.32

1.43(1.56)d

1.50(1.58)g

1.83(1.68)g

1.60(1.61)g

1.47
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T7

1.47(1.57)a

1.10(1.44)h

1.30(1.52)h

1.60(1.61)h

1.87(1.69)h

1.47

1.63(1.62)e

1.70(1.64)h

2.00(1.73)h

1.73(1.65)h

1.66

T8

1.43(1.56)a

1.30(1.51)i

1.44(1.56)i

1.83(1.68)i

2.04(1.74)i

1.65

1.77(1.66)f

1.87(1.69)i

2.13(1.77)i

1.90(1.70)i

1.91

T9

1.64(1.62)a

1.50(1.58)j

1.57(1.60)j

2.03(1.74)j

2.30(1.82)j

1.85

1.90(1.70)g

2.00(1.73)j

2.40(1.84)j

2.10(1.76)j

2.09

T10

1.20(1.48)a

0.37(1.16)a

0.50(1.23)a

0.63(1.28)a

0.77(1.33)a

0.57

0.37(1.17)a

0.60(1.27)a

0.63(1.28)a

0.50(1.23)a

0.52

T11

1.57(1.60)a

1.80(1.67)k

2.07(1.75)k

2.63(1.91)k

2.84(1.96)k

2.33

2.97(1.99)h

3.30(2.07)k

3.73(2.18)k

3.13(2.03)k

3.24

SEm(±)

0.04

0.02

0.01

0.02

0.02

0.02

0.01

0.02

0.02

CD at 5%

NS

0.05

0.04

0.05

0.05

0.06

0.04

0.05

0.06

*Figures in parentheses are square root transformed values
DAS= Days after spray
Table 2. Pooled effect of different treatments predator’s population after first and second spray during kharif
2014 and 2015
Treatment

1 Day
Before
spraying

After first spray predator’s population /hills

After second spray predator’s population/hills

3 DAS

7 DAS

14 DAS

21 DAS

Mean

3 DAS

7 DAS

14 DAS

21 DAS

Mean

T1

0.87(1.37*)a

0.50(1.22)d

0.67(1.29)e

1.17(1.47)e

1.37(1.54)e

0.92

0.87(1.37*)d

1.07(1.44)d

1.60(1.61)e

1.47(1.57)e

1.22

T2

0.94(1.39)a

0.63(1.27)e

0.77(1.33)f

1.24(1.50)f

1.50(1.58)f

1.03

0.97(1.40)d

1.20(1.48)e

1.77(1.66)f

1.63(1.62)f

1.35

T3

1.00(1.41)a

0.32(1.14)b

0.47(1.21)c

0.77(1.33)c

0.97(1.40)c

0.63

0.63(1.28)c

0.87(1.37)c

1.27(1.50)c

1.1791.47)c

0.96

T4

1.17(1.47)a

0.27(1.12)ab

0.37(1.17)b

0.60(1.27)b

0.87(1.37)b

0.52

0.57(1.25)b

0.70(1.30)b

1.17(1.47)b

1.03(1.43)b

0.83

T5

1.23(1.49)a

0.40(1.18)c

0.57(1.25)d

1.00(1.41)d

1.17()1.47)d

0.78

0.73(1.32)c

1.00(1.41)d

1.37(1.54)d

1.27(1.51)d

1.06

T6

0.97(1.40)a

0.77(1.32)f

0.87(1.37)g

1.44(1.56)g

1.64(1.62)g

1.18

1.17(1.47)e

1.47(1.57)f

1.90(1.70)g

1.83(1.68)g

1.53

T7

0.97(1.40)a

0.83(1.35)g

0.94(1.39)h

1.53(1.59)h

1.87(1.69)h

1.29

1.37(1.54)f

1.60(1.61)g

2.10(1.76)h

1.97(1.72)h

1.7

T8

1.24(1.50)a

0.93(1.38)h

1.07(1.44)i

1.67(1.63)i

2.04(1.74)i

1.42

1.70(1.64)g

1.80(1.67)h

2.30(1.82)i

2.07(1.75)i

1.86

T9

1.07(1.44)a

1.00(1.41)i

1.30(1.52)j

1.97(1.72)j

2.20(1.79)j

1.62

1.87(1.69)h

2.03(1.74)i

2.60(1.90)j

2.57(1.89)j

2.17

T10

0.94(1.39)a

0.20(1.09)a

0.30(1.14)a

0.44(1.20)a

0.70(1.30)a

0.41

0.37(1.17)a

0.57(1.25)a

0.97(1.40)a

0.8391.36)a

0.66

T11

1.07(1.44)a

1.24(1.49)j

1.77(1.66)k

2.27(1.81)k

2.50(1.87)k

1.94

2.77(1.94)i

2.97(1.99)j

3.27/(2.07)k

3.03(2.01)k

2.9

SEm(±)

0.03

0.02

0.02

0.02

0.02

0.03

0.02

0.02

0.02

CD at 5%

NS

0.06

0.06

0.05

0.04

0.1

0.06

0.06

0.07

*Figures in parentheses are square root transformed values
DAS= Days after spray
CONCLUSION
Thus on the basis of present findings, it may be
concluded that all the treatments reduce the natural
enemies population as compared to control at
different intervals. When the data of both the years

were pooled the treatment Chlorantraniliprole, 0.4
GR and 18.5 SC was found highly safer among all
the treatments with maximum natural enemies
population/hill. So these insecticides may be use for
control the insect pest in rice eco system.
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Abstract: A field experiment was conducted at the Instructional Farm of Agronomy, Maharana Pratap University of
Agriculture and Technology, Udaipur to evaluate the performance of sole as well intercropping of cereals (sorghum, maize
and pearl millet) and legumes (cowpea and cluster bean) system. The results shows that in sole cropping system sole
sorghum recorded significantly higher green fodder yield of main crop than other sole and intercropping treatments in
different row ratios. Among intercropping treatments, sorghum + cowpea in 2:1 ratio outperformed in green fodder yield of
main crop but variations were at par with sorghum + cluster bean in 2:1 row ratio.
Keywords: Cropping system, Maize, Sorghum, Fodder

INTRODUCTION

I

n Indian agriculture, animal husbandry is closely
linked with crop production programme as a
complementary enterprise. On one hand, forage
crops are of prime importance for economic feeding
of the animals while on another hand, the livestock
through supply of organic manures and draft power
help in sustainable crop husbandry. India has a huge
livestock population of 199.10 millions cattle and
105.30 millions buffalo which accounts for 16.24 and
56.90 per cent of world bovine population,
respectively and stand first in the world in number of
bovine population (Livestock Census 2007, GOI).
The average milk yield of 300 kg per lactation is
abysmally. Despite having the world’s largest cattle
population the milk productivity per animal in India
comes to 987 kg year-1 whereas worldwide average
productivity is 2200 kg per animal per year (Kumar
et al., 2012). The projected shortage of dry and green
fodder is 23.46 and 62.76 per cent of requirement of
589 and 1061 million tones, respectively (Hand Book
of Agriculture, 2010). The available fodder can
adequately meet the demand of only 47 per cent total
cattle population which is a prime cause of poor
cattle health and low milk productivity in the
country. Sorghum (Sorghum bicolor), maize (Zea
mays), pearlmillet (Pennisetumglaucum), cow pea
(Vignaunguiculata)
and
cluster
bean
(Cyamopsistetragonoloba)
are
popular
and
traditional green fodder crops in India and Rajasthan
as well due to their fast growth, palatable and
nutritiousness and moreover due to their ability to
grow under varying and diverse soil and agro
climatic situations. The benefit of additional yield,
better forage quality (more protein content) and soil
fertility buildup via atmospheric nitrogen fixation
that economizes the nitrogen use in botanically

diverse cereal legume combinations/intercropping
are well documented (Rao and Willey, 1980).
Intercropping leads to utilization of land more
effectively and provides stability in production
(Tripathi, 1989) by virtue of spatial use of light and
other growth resources on account of different
canopy height and structures, rooting pattern and
uptake of nutrients etc. Intercropping of fodder
sorghum and maize with legumes like cowpea or
cluster bean in different row proportions planting
systems (1:1, 2:1, 3:1 and 2:2 etc.) is reported to
produce more fodder in a short period without any
mutual adverse effect on growth, and yield of
component crops owing to complementary
association that improves overall growth resource
utilization besides helping in soil and water
conservation as well as increasing soil fertility and
benefit/ cost ratio (Sood and Sharma,1992).
MATERIAL AND METHOD
The experiment was conducted at the Instructional
Farm of Agronomy, Rajasthan College of
Agriculture, Udaipur situated at South-Eastern part
of Rajasthan. The soil of the experimental field was
clay loam in texture, slightly alkaline in reaction (pH
7.9), low in available nitrogen (260.00 kg ha-1) and
medium in available phosphorus (28.40 kg ha-1).
Total seventeen treatment combinations were viz., T1
– Sorghum, T2 – Maize, T3 - Pearl millet, T4 –
Cowpea, T5 - Cluster bean as a sole crop, T6 Sorghum + cowpea, T7 - Sorghum + cluster bean, T 8Maize + cowpea, T9- Maize + cluster bean, T10 Pearl millet + cowpea, T11 -Pearl millet + cluster
bean intercropping in 1:1 ratio and T 7 - Sorghum +
cowpea, T8 - Sorghum + cluster bean, T 9- Maize +
cowpea, T10- Maize + cluster bean, T11 - Pearl millet
+ cowpea, T12 -Pearl millet + cluster bean
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intercropping in 2:1 ratio were used and evaluated
under randomized block design with three
replications.Full dose of phosphorus and half dose of
nitrogen were applied at the time of sowing through
urea and DAP as a basal application. The quantity
ofnitrogen supplied through DAP was adjusted with
urea. The remaining dose of nitrogen was top dressed
in rows of sorghum, maize and pearl millet at 30
DAS. Whereas, cowpea and cluster bean were
fertilized with full does of N at sowing. Yield
components and yield were recorded at harvest and
data were statistically analysed.
RESULT AND DISCUSSION
Data presented in Table 4.1 reveals that sole sorghum
(T1) recorded significantly higher green and dry
fodder yield of main crop than other sole and
intercropping treatments in different row ratios. Pure
stands of different cereal fodder crops recorded
significant variations in green as well as dry fodder
yield that was in order of sole sorghum (T1)> sole
maize (T2)> sole pearl millet (T3). Results further
reveal that pure stand of main crops recorded
significantly higher green and dry fodder yield than
the corresponding intercropping treatments while
among intercropping treatments, green and dry
fodder yield of main crop was significantly higher
under in 2:1 row proportions than the corresponding
treatments in 1:1 row ratio. Among intercropping
treatments, sorghum + cowpea in 2:1 ratio (T 12)
outperformed in green and dry fodder yield of main

crop but variations were at par with sorghum +
cluster bean in 2:1 row ratio (T 13).
An appraisal of data on green and dry fodder yield by
different legumes in table 4.13 reveals that sole
cowpea (T4) outperformed sole cluster bean (T 5).
Cowpea also outperformed the cluster bean in
intercropping treatments. Data further revealed that
different
intercropping
treatments
recorded
significantly higher green as well as dry fodder yield
of legume intercrop under 1:1 row ratio than the
corresponding treatments in 2:1 row proportion.
Among intercropping treatments, significantly higher
green and dry fodder yield of legume intercrop was
recorded under sorghum + cowpea in 1:1 row (T 6).
A critical examination of data in table 4.1 reveals
that among different pure and intercropping stands
significantly higher green and dry fodder yield was
recorded under sorghum + cowpea in 2:1 row
proportion (T12). Pure stand of main crops also
recorded significant variations in green as well as dry
fodder yield that was in order of sole sorghum (T1)>
sole maize (T2)> sole pearl millet (T 3) while sole
cowpea (T4) outperformed sole cluster bean (T 5) in
green and dry fodder yield. Results also clearly
revealed that intercropping different cereal fodder
crops with cowpea or cluster bean in 2:1 recorded
significantly higher total green and dry fodder yield
than the corresponding treatments in 1:1 row ratio.
Results of present investigation revealing spatial
intercropping advantage to both the components on
net sown area basis are in close conformity with
findings of Sharma et al. (2008),Surve and Arvadia
(2012) and Pathak et al. (2013).

Table 1. Effect of intercropping cluster bean and cowpea with sorghum, maize and pearl millet in different row
proportions on green and dry fodder yield (q ha-1) at harvest
Treatment
Green fodder yield
Dry fodder yield
No.
Treatment
Main
Inter crop
Total
Main
Inter
Total
detail
crop
crop
crop
T1
Sole (S)
454.35
454.35
117.41
117.41
T2
Sole (M)
388.65
388.65
100.56
100.56
T3
Sole (PM)
332.06
332.06
86.34
86.34
T4
Sole (CP)
148.69
148.69
43.80
43.80
T5
Sole (CB)
139.44
139.44
41.01
41.01
T6
1:1 (S+CP)
331.22
103.77
434.99
85.47
31.10
116.56
T7
1:1 (S+CB)
329.88
98.60
428.47
84.99
28.94
113.93
T8
1:1 (M+CP)
269.99
103.22
373.21
69.23
30.37
99.60
T9
1:1 (M+CB)
269.71
96.24
365.94
68.84
28.28
97.12
T10
1:1 (PM+CP)
216.44
102.24
318.68
56.15
29.51
85.67
T11
1:1 (PM+CB)
215.02
93.25
308.26
55.71
27.49
83.20
T12
2:1(S+CP)
402.19
70.90
473.09
105.90
21.15
127.04
T13
2:1 (S+CB)
399.30
63.74
463.04
105.06
18.72
123.78
T14
2:1 (M+CP)
335.39
70.02
405.41
88.55
20.63
109.18
T15
2:1 (M+CB)
333.97
63.38
397.35
87.75
18.64
106.38
T16
2:1 (PM+CP)
279.08
69.51
348.59
74.47
19.89
94.36
T17
2:1 (PM+CB)
277.42
61.41
338.84
73.92
18.12
92.04
SEm+
2.10
0.66
1.96
1.38
0.59
1.25
CD at 5%
6.10
1.92
5.64
4.00
1.71
3.61
Note: S = sorghum, M= maize, PM= pearl millet, CP= cowpea and CB= cluster bean
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Table 2. Effect of intercropping cluster bean and cowpea with sorghum, maize and pearl millet in different row
proportions on crude protein, fiber, content (%)
Treatment
Crude protein
Crude fiber
TDN
No.
Treatments
Main
Inter
Main
Inter crop
Main
Inter
crop
crop
crop
crop
crop
T1
Sole (S)
7.54
28.74
53.67
T2
Sole (M)
7.63
34.80
66.98
T3
Sole (PM)
7.45
32.65
61.00
T4
Sole (CP)
13.82
26.33
55.41
T5
Sole (CB)
13.81
27.24
54.77
T6
1:1 (S+CP)
8.01
13.85
27.23
26.45
54.37
57.25
T7
1:1 (S+CB)
7.99
13.82
27.50
27.35
54.27
56.60
T8
1:1 (M+CP) 8.02
13.86
33.32
26.50
67.87
57.23
T9
1:1 (M+CB) 8.01
13.84
33.36
27.38
67.85
56.60
T10
1:1
7.83
13.84
31.21
26.37
61.71
57.12
(PM+CP)
T11
1:1
7.78
13.84
31.26
27.39
61.69
56.50
(PM+CB)
T12
2:1(S+CP)
7.89
13.84
27.32
26.36
54.35
56.22
T13
2:1 (S+CB)
7.87
13.81
27.66
27.35
54.24
55.42
T14
2:1 (M+CP) 7.91
13.84
33.55
26.40
67.57
56.24
T15
2:1 (M+CB) 7.90
13.81
33.62
27.38
67.47
55.45
T16
2:1
7.74
13.83
31.43
26.35
61.29
56.17
(PM+CP)
T17
2:1
7.71
13.82
31.49
27.33
61.27
55.36
(PM+CB)
SEm+
0.03
0.06
0.24
0.18
0.11
0.16
CD at 5%
0.08
NS
0.69
0.53
0.33
0.49
A cursory look at data in Table 4.2 reveals that
among different sole and intercropping treatments,
maize + cowpea in 1:1 row ratio (T 8) recorded
maximum crude protein, crude fiber and TDN
content but variations were at par with sole stands of
C4 cereal crops (T1, T2, T3), maize + cowpea or
cluster bean in 1:1 row ratio (T 8, T9) and sorghum +
cluster bean in 1:1 ratio (T7). Sole pearl millet (T3)
and different pearl millet based intercropping
systems in 1:1 or 2:1 row ratio recorded lowest crude
protein, crude fiber and TDN content than sorghum
or pearl millet based legume intercropping in 1:1 or
2:1 row ratio. This reveals unsuitability of pearl
millet in sub humid Rajasthan condition from
nutritive value point of view than different sorghum
or maize based sole and intercropping fodder
systems. It is notable that intercropping legumes with
sorghum, maize or pearl millet resulted in
significantly higher crude protein content in main
crop than their corresponding pure crop counterparts
either in 1:1 or 2:1 row ratios. Significantly higher
crude protein, crude fiber and TDN content of main
crop was recorded under 1:1 ratio over corresponding
2:1 row ratios. Data further revealed that variations
in crude protein content of legumes (cowpea or
cluster bean) both under sole or intercropping stands
were indifferent. These results on variations in crude
fiber content and production among different pure
and intercropping stands of cereal and fodder
components are also supported byYilma (2002),
Bishnoi (2002) and Chotiya (2005) also reported

increased in crude protein, crude fiber, and total
digestible nutrient.
REFERENCES
Bishnoi, N.R. (2002). Effect of plant population and
nitrogen levels on productivity and quality of dual
purpose sorghum genotypes. M.Sc. (Ag.) Thesis,
Department of Agronomy, Rajasthan College of
Agriculture, MPUAT, Udaipur.
Chotiya, A. (2005). Effect of graded levels of
nitrogen and phosphorus on productivity and quality
of sorghum fodder. M.Sc. Thesis, Department of
Agronomy, Rajasthan College of Agriculture,
MPUAT, Udaipur.
Hand Book of Agriculture (2010). ICAR, New
Delhi.1128-1129
Kumar, P., Kher, S.K. and Dwivedi, S. (2012). An
analytical study of livestock in Jammu and Kashmir.
International Journal of plant, animal and
environmental sciences, 2: 169-177.
Livestock Census (2007). Department of Animal
Husbandry, Dairying and Fisheries, Ministry of
Agricultural, Government of India.
Pathak, G., Tiwari, R.C., Jat, A.L., Singh, P. and
Sumeriya, H. K. (2013). Evaluation of fodder based
cereal-legume intercropping systems for yield and
quality. Current advances in Agriculture Sciences, 5:
126-128.
Rao, M.R. and Willey, R.W. (1980). Preliminary
studies of intercropping combinations based on

152

KULDEEP, KULDEEP, RAKESH KUMAR AND DINESH PANWAR

pigeon pea or sorghum. Experimental Agriculture,
16: 24-40.
Sharma, R.P., Singh, A.K., Poddar, B.K. and
Raman, K. R. (2008). Forage production potential
and economics of maize (Zea mays) with legumes
intercropping under various row proportions.Indian
Journal of Agronomy, 53: 121-124.
Sood, B.R. and Sharma, V.K. (1992). Effect of
nitrogen levels on the yield and quality of forage
sorghum (Sorghum bicolor) intercropping with
legumes. Indian Journal ofAgronomy, 37: 642-644.
Surve, V.H. and Arvadia, M.K. (2012).
Performance
of fodder sorghum
(Sorghum

bicolor L.), maize (Zea mays L.) and cowpea (Vigna
unguiculata (L.) Walp.) under sole and intercropping
systems. International Journal of Agriculture:
Research and Review, 2: 28-31.
Tripathi, S.N. (1989). Mixed cropping of forage
species in relation to herbage yield and quality.
Indian journal of Dryland Agriculture Research and
Development, 4: 68-72.
Yilma, Z. (2002). Effect of cropping systems,
nitrogen levels and bacterial fertilization on yield and
quality of fodder sorghum (Sorghum bicolor L.
Moench.) Ph.D. Thesis, Department of Agronomy,
Rajasthan College of Agriculture, MPUAT, Udaipur.

RESEARCH ARTICLE

SCREENING OF POWDERY MILDEW TOLERANCE IN LINSEED (LINUM
USITATISIMUM L.)
Namrata Dhirhi, Nandan Mehta, and Satyapal Singh*
Department of Genetics and Plant Breeding, Indira Gnadhi Krishi Vishwavidyalaya,
Raipur-492012 (Chhattisgarh)
Email: spsinghigkv@gmail.com
Received-14.01.2017, Revised-01.02.2017
Abstract: A set of one hundred fifty linseed germplasm accessions were evaluated for powdery mildew tolerance which
was taken from AICRP on Linseed, Department of Genetics and Plant Breeding IGKV, Raipur (C.G.) during Rabi 2014-15
and 2015-16. In India and Chhattisgarh it has been observed that major limiting factors for higher production is powdery
mildew. Particularly in Chhattisgarh the yield losses due to powdery mildew may be more than 60% when the disease is
severe. Powdery mildew is the major cause in the linseed production during utera cultivation, It lows yield about 40%. The
assessment of the disease per plant was obtained by observing the intensity of lesions present on the leaves. Keeping in this
view, disease screening studies were made to understand the development of powdery mildew diseases. So, we need a high
yielding linseed variety for late sown conditions with resistance to powdery mildew. With this objective, field screening of
linseed genotypes for resistance to powdery mildew was initiated. Powdery mildew score ranged from 0 (free) to 5 (highly
susceptible), 21 genotypes found highly resistant, 44 genotypes showed resistant, 47 genotypes comes under moderately
resistant, 20 genotypes shows susceptible and only 8 genotypes showed highly susceptible. Despite being high susceptible,
some test entries produced good yield and showed tolerance to powdery mildew disease. Highly resistant genotype could be
utilized as donar parent for powdery mildew resistance breeding programme.
Keywords: ALA, Germplasm, Linseed, Powdery mildew, SDG

INTRODUCTION

L

inseed (Linum usitatissimum L.) 2n = 30, is an
important oilseed crop that belongs to the genus
Linum of the family Linaceae. It is also called flax or
flaxseed. The name Linum originated from lin or
“thread” and the species name usitatissimum is a
Latin word meaning “most useful”. It has been
grown from ancient times for fiber (flax) and for its
seed which is rich in oil. On the basis of diversity of
plant types, linseed has two centers of origin i.e.,
South West Asia, particularly in India (Vavilov,
1935; Richharia, 1962) and the Mediterranean region
of Europe.
Around the globe linseed crop occupies an area of
22.70 lakh ha yielding out 22.39 lakh tones having an
average productivity of 986 kg/ha. In India, it is
grown in an area of 29210 ha with production and
productivity being 141200 tones and 484 kg/ ha
respectively. India ranks second in area after Canada
which is almost equivalent to China which so far
occupied the second slot in world area by the crop.
Our national production slides to third place after
Canada and China. India contributes about 14.89%
and 6.56% to world area and production respectively.
In India, the crop is mainly cultivated in the states
like Madhya Pradesh, Chhattisgarh, Uttar Pradesh,
Maharashtra, Bihar, Odisha, Jharkhand, Karnataka
and Assam accounting for more than 97 per cent of
the total area. Chhattisgarh is one of the important
linseed growing states of India, which account 26200
hectares area and 1100 tonnes production with
productivity of 424 kg/ha (Annual Report, Linseed
2014-15).

Industrial oil and mostly, 80 percent of oil is used for
paints, varnishes, a wide range of coating oils,
linoleum, pad and printing inks, oil cloth, patent
leather, enamels, stickers, tarpaulins leather and soap
industries. Linseed contains about 33 to 45% oil and
24% crude protein which is one of the oldest
commercial oils used for various purposes. Recently
it has gained a new interest in the emerging market
of functional food due to its high content of fatty
acids, alpha linolenic acid (ALA), an essential
Omega3 fatty acid and lignan content or SDG
(secoisolariciresinol diglucoside) which constitute
about 57 % of total fatty acids in linseed (Morris,
2005). Almost every part of its plant is commercially
utilized, either directly or after processing. New
industrial uses of both the linseed oil and the fibres
of oilseed flax also will increase the demand for this
multi-use oilseed crop.
The crop is affected by some diseases like alternaria
blight, powdery mildew, rust and wilt. powdery
mildew, caused by the obligate biotrophic
ascomycete Oidium lini Skoric, is a common,
widespread, and easily recognized foliar disease of
flax present in most growing areas worldwide (Gill,
1987, Beale, 1991, Saharan and Saharan, 1998, Aly
et al., 2012) is one of the major limiting factors of
linseed. The disease appear on all the aerial parts of
the plant, ultimately causes substantial losses in yield
up to 60 % (Srivastava et al., 1997, Reddy et al.,
2013a). Over the last two decades, the importance of
this disease has increased probably due to the
appearance and rapid distribution of new races
capable of attacking the previously resistant cultivars
(Aly et al., 1994, Mohamed, 2012). In India and
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Chhattisgarh it has been observed that major limiting
factors for higher production is powdery mildew.
Particularly in Chhattisgarh the yield losses due to
powdery mildew may be more than 60% when the
disease is severe, particularly at the time of flower
initiation.
Despite considerable increase in productivity and
production a wide gap exists between potential yield
and the yield realized at farmer’s field which is
largely because of a number of biotic stresses, to
which linseed crop is exposed. The cost of chemicals
farmer rarely practice such control measures and the
usage of such fungicide will negatively affect
environment and specially human health. Therefore
the most effective way to control powdery mildew is
the use of resistant varieties. Genetic resistance is a
priority for flax breeders because fungicides can be
hazardous, costly, and associated with environmental
concerns. The genetics of resistance to powdery
mildew in flax and reported a single dominant gene
designated PM1 for resistance to powdery mildew
(Rashid and Duguid, 2003).
Therefore, there is a need to develop varieties
resistant to powdery mildew to stabilize the yield
potentials of linseed varieties. Therefore, this
research work helps in developing varieties resistant
powdery mildew diseases to stabilize the yield
potentials of linseed varieties. The manipulation of
inherent potentials of plants in the form of resistant
varieties is a cheap, viable and environment friendly
alternative to reduce losses from biotic stress.

MATERIAL AND METHOD
The biological experimental materials comprised of
one hundred fifty diverse lines selected based on
morphological and unique traits from germplasm
collection of exotic and indigenous accessions of
linseed, which was taken from AICRP on Linseed,
Department of Genetics and Plant Breeding IGKV,
Raipur (C.G.). Experiment was conducted at the
Research cum Instructional Farm, College of
Agriculture, Indira Gandhi Krishi Vishwavidyalaya,
Raipur, Chhattisgarh (210 16‟ N and 810 36‟ E at an
altitude of 289.6 meter above mean sea level), during
Rabi 2014-15 and 2015-16. The climatic conditions
of Raipur are subtropical. The region receives 12001400 mm rainfall annually out of which about 8 per
cent is received during Rabi season. The rainfall
pattern has great variation during rainy season from
year to year. Monsoon generally breaks by the end of
June and continues up to September.
Disease assessment
The disease reactions presented (Table 1) are based
on two-year observations. The results are based on
screening under natural field conditions. Germplasm
were sown one month late during November. All
entries were assessed visually based on percentage of
leaf area affected using 0-5 scale (Anonymous, 1991)
as detailed below:

Table 1. Scale (0-5) for rating of reaction to powdery mildew
S.N.

Score

1
2
3
4
5
6

0
1
2
3
4
5

Disease intensity
(% area of leaves/plant infected)
Free from disease
1 to 10
11 to 25
26 to 50
51 to 75
Above 75

Screening method
One hundred fifty germplasm were screened against
powdery mildew under natural epiphytotic conditions
during Rabi
2014-15 and 2015-16 under the
Research cum Instructional Farm, College of
Agriculture, Indira Gandhi Krishi Vishwavidyalaya,
Raipur, Chhattisgarh. All entries were assessed
visually based on percentage of leaf area affected
using 0-5 scale genotypes which were tagged with
labels, Each plant was scored visually in the field and
plants were rated (Table 1) in 0-5 scale, where, 0highly resistance, 1- resistance, 2- moderately
resistance, 3- moderately susceptible, 4- susceptible
and 5-highly susceptible(AICRP 1991). The
assessment of the disease per plant was obtained by
observing the intensity of lesions present on the
leaves. The plants with disease rating <2 were
considered as resistant and above 2 as susceptible.
All recommended package of practices was followed

Rating
Highly resistant
Resistant
Moderately resistant
Moderately susceptible
Susceptible
Highly susceptible

HR
R
MR
MS
S
HS

except spraying of plant protection chemical to allow
maximum inoculation of powdery mildew diseases.
RESULT AND DISCUSSION
The plant breeder is the principal user of germplasm
collections and therefore, it is pertinent to consider
the kind of information that the breeder will want
about each accession. Though, the potential of a
germplasm sample is largely unknown at the time of
its collection, it has been observed that a number of
desirable characters are identified whenever a diverse
group of germplasm samples are evaluated and
screened. The breeder is only interested in a small
fraction of the entire collection for its immediate
objectives. Further, the crop is prone to the disease
powdery mildew caused by Oidium lini Skoric due to
late sowing. When powdery mildew appears in
severe format an early stage of crop growth, yield
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reduction is very high substantial losses in yield up to
60 % (Srivastava et al., 1997, Reddy et al., 2013 b).
Infected plants produce poor quality seed and fibre. It
is a common foliar disease of linseed, powdery
mildew control strategies include usage of chemicals
but due to the cost of chemicals farmer rarely
practice such control measures and the usage of such
fungicide will negatively affect environment and
specially human health. Therefore the most effective
way to control powdery mildew is the use of resistant
varieties. Keeping in this view, disease screening
studies were made to understand the development of
powdery mildew diseases. So, we need a high
yielding linseed variety for late sown conditions with
resistance to powdery mildew. With this objective,
field screening of linseed genotypes for resistance to
powdery mildew was initiated.
In the present investigation one hundred fifty
accessions were screened for identification of
resistance sources against natural infection by
powdery mildew diseases under field conditions
during late Rabi season 2014-15 and 2015-16. All
recommended package of practices was followed
except spraying of plant protection chemical to allow
maximum inoculation of powdery mildew
diseases.The natural disease incidence was quite
severe during the season due to conditions favourable
for the development of the disease. Disease intensity
on each accessions was scored as per the scale of
AICRP (1991), 0-5 scale. Accessions were screened
for their reaction against powdery mildew diseases
and depending upon their genetic makeup of each
accessions responded differentially to powdery
mildew diseases. Powdery mildew score ranged from
0 (free) to 5 (highly susceptible), 21 genotypes found
highly resistant, 44 genotypes showed resistant, 47
genotypes comes under moderately resistant, 20
genotypes shows susceptible and only 8 genotypes
showed highly susceptible. Despite being high
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susceptible, some test entries produced good yield
and showed tolerance to powdery mildew disease.
The
germplasm
lines
(R-17,RLC-148,RLC151,CGLC-1,Polf-5,Parvati, Jeevan, R-4229, R4231, R-4238,R-4211, R-4214, R-4222,R-2620,ES13239,EX-5-36, ys1805, YS1818, CGLC-12, ES1445, R-4209) shows high yield and highly resistant
to powdery mildew. Highly resistant genotype could
be utilized as donar parent for powdery mildew
resistance breeding programme. The list of genotypes
and disease reaction present in Table 2.
The results are based on screening under natural field
conditions. Environmental factors such as humidity,
temperature or light can influence development of
the diseases possibly explaining these differences in
scores. So, the resistant genotypes need to be
evaluated under artificial conditions to confirm the
resistance before using them in breeding programme.
The present work is agreement with Reddy et
al.,(2013c), Dash et al.,(2016).
The success of breeding programme is primarily
depend on genetic variation availability in the
breeding material. Evaluation and understanding the
extent of genetic variation existing in the germplasm
is important and leads to effective utilization of the
germplasm thus only a small portion of genetic
variability has been exploited in genetic
improvement of this crop. Inspite of several diverse
linseed accessions having been collected, only a few
have been chosen and repeatedly employed in
cultivar development programme. The germplasm is
the prime source for resistance to diseases and insect
pest. Plant breeders need to explore the nature of
disease resistance and identify additional resistance
genes from new sources. Therefore, this research
work helps in developing varieties resistant to
powdery mildew to stabilize the yield potentials of
linseed varieties.

Table 2. Screening of one hundred fifty germplasm for powdery mildew tolerance during 2015-16 at Raipur,
C.G.
Score

0

1

Disease
intensity
(% area of
leaves/plant
infected)
Free from
disease
(HR)
1 to 10%
(R)

Rating

21

44

2

11 to 25%
(MR)

47

3

26 to 50%

20

Number of genotypes

R-17,RLC-148,RLC-151,CGLC-1,POLF-5,Parvati, Jeevan, R-4229, R-4231, R4238,R-4211,R-4214, R-4222,R-2620,ES-13239,EX-5-36, YS1805,
YS 1818, CGLC-12, ES-1445, R-4209,
Sagarlocal, Neela, Sakoor,Kartika,RLC-92, Meera, Kiran, Nagarkot, R-7, CGLC-3,
CGLC-10, CGLC-11, CGLC-15, CGLC-16, CGLC-17, CGLC-20, R-4193, R-4194, R4195, R-4196,YS1806,YS1807,YS1808,YS1809,YS1814,YS1816, YS1817, R-552,
RLC-29, RLC-26, Sabour Yellow, R-4227, R-4230, R-4233, R-4235, R-4236, R-4237,
R-4216, R-2609, R-2627, R-2632, EX-79-5-9, POLF-15
IA-32, RLC-149, RLC-150, RLC-152, CGLC-6, CGLC-13, CGLC-18, CGLC-21, R4192, RL-99-50, Ayogi-91, RLC-71, Padmini, Surabhi, OL-8-2-7, RL-10195, R-4226,
R-4228, R-4232, R-4239, R-4240, EX-53-9, EX-304, FLAX-16, ES-1463, ES-153,
CGLC-2, CGLC-19, POLF-19, JRF-3-1, Rashmi, R-4234, R-4204, R-4205, R-4206,
R-4207, R-4210, R-4213, R-4215, R-4218, R-4220, R-2618, R-2622, R-2624, RLC133, EX-339-6, ES-1476, DEEPIKA.
CGLC-5, CGLC-9, R-4191, YS1810, YS1812, YS1813, YS1815, R-2605, R-2606, R-
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2611, R-2617, R-2625, R-2631, ES-13230, EX-3-3, FRW-11, ES-1474, ES-1534,
CGLC-4, R-2610.

4

51 to 75%
(S)

10

CGLC-8, R-4221, R-2613, R-2629, FRW-6, YS1811, ES-13219, EX-3, EX-63, R2623

5

Above 75%
(HS)

8

T-397, Neelam, Chambal, Shekhar, R-2601, R-2630, CGLC-7, YS1819.
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